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Voor mijn ouders, die mij met veel liefde hebben opgevoed, met respect leren 

omgaan met anderen en alle kansen hebben geboden. 
 
 
 
 
 
 
 
 
 
 
 
 

You treat a disease, you win, you lose, You treat a person, I guarantee you, 
you’ll win, no matter what the outcome. (Patch Adams) 
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The shoulder is one of the most complex joints in the human body.  In the past 
twenty years, the orthopedic treatment of shoulder disorders has emerged 
from being a marginalized orthopedic subspeciality to being an area of much 
research and innovation. For a long time, patients with shoulder complaints 
were treated conservatively with physiotherapy and injections. The 
introduction of the arthroscopy in the early 80’s and the radiological 
breakthrough with the MRI scan has helped shoulder surgeons better 
understand the shoulder joint and its specific disorders. The evolution of 
treatment options in shoulder problems has been immense these last years 
and shoulder disorders can now be treated surgically with better results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The shoulder joint has a specific design which accommodates a 
large range of motion. There is a small socket and a large ball, 
with rotator cuff muscles around it to stabilize, control and 
move the shoulder joint. These rotator cuff muscles are 
relatively fragile and the tendons are prone to degeneration 
with ongoing age. Because of this design, specific types of 
problems are encountered in the shoulder joint. The clinical 
examination of the shoulder girdle is difficult because of the 
complex architecture of the shoulder, making a diagnosis 
challenging. 
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With the increasing knowledge about shoulder symptoms and pathology, and 
with the help of improved radiodiagnostic imaging, orthopedic surgeons are 
able to make shoulder diagnoses more accurate. The outcomes of many 
clinical studies have resulted in clinical guidelines with recommendations 
about conservative and operative treatment options in specific shoulder 
pathology. With these clinical guidelines, and the improved ability to diagnose 
shoulder pathology more correctly, good clinical outcomes can be obtained 
after shoulder surgery in the majority of patients. However, worse clinical 
results can be observed in a small group of patients after shoulder surgery, 
despite making the right diagnosis and the application of appropriate surgical 
therapy. Other factors could be associated with inferior clinical outcome after 
shoulder surgery. Psychological symptoms are often present before shoulder 
surgery and might be associated with worse clinical results after shoulder 
surgery. Recently, biopsychosocial models have been proposed to understand 
the pain-related outcomes of musculoskeletal disorders. In a biopsychosocial 
model, psychological and social factors are considered, as well as physical 
factors1. Several studies have delineated psychosocial factors to be important 
determinants of pain intensity and disability in patients with disabling 
musculoskeletal pain1,2,3.  Therefore, in this thesis we have decided to study 
the association between psychological symptoms and clinical outcome after 
surgery.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Illustration of the rising number of peer-reviewed shoulder 
publications in recent years: studies published reporting 
outcome after shoulder arthroplasty 

 
Posted by Anastasios Papadonikolakis, MD, on shoulderelbow.blogspot.com 
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What do we know? 
In this introduction we will provide an overview of the available evidence in 
literature about the relationship between psychological symptoms and 
shoulder pain and disability and about the association between psychological 
symptoms and clinical outcome after shoulder surgery. 
 
Prevalence of psychological symptoms in patients with chronic shoulder pain. 
In orthopedic literature a few studies about the prevalence of psychological 
symptoms in orthopedic patients with shoulder complaints were identified 
and presented in Table 1. The prevalence of psychological symptoms varied 
within the different studies, which might be the result of using different 
psychological scores, different shoulder diagnoses and different ethnic 
populations.  
 
 
Table 1. Shows the prevalence of depression, anxiety and somatisation in orthopedic 
populations, general practice populations and in the open community. 
 Orthopedic 

population 

 

operative 
shoulder 
procedure 
 

 
 
 

% 

 
 
 

Psychological 
score 

 
 
 

country 

General 
practice 

population8,9 

Open 
community10-

13 

 
Depression 

 
cuff repair 3 
cuff repair 4 
subacromial 
decompression 5 
arthroplasty 6 

various 7 
 

 
26 % 

23 % 
 

55 % 
4 % 

19 % 
 

 
HADS* 
HADS* 

 
HADS* 

ICD-9-CM* 
CES-D* 

 

 
South Korea 
South Korea 

 
UK 

USA 
South Korea 

 
3 % 

 
5 -9 % 

 
Anxiety 

 
cuff repair 3 
cuff repair 4 
arthroplasty 6 
various 7 

 
23 %  
23 %   
2 %  
8 %  

 

 
HADS* 
HADS* 

ICD-9-CM* 
PASS* 

 
South Korea 
South Korea 

USA 
South Korea 

 
2–3 % 

 
10 % 

 
Somatisation 
 

 
 

    
16-17 % 

 
4-12% 

*: Hospital Anxiety and Depression Scale (HADS); Center for Epidemiologic Studies-Depression (CES-D); Pain 
Anxiety Symptom Scale (PASS); International Classification of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) 
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We can conclude that psychological symptoms are common in patients 
waiting for shoulder surgery; the prevalence of psychological symptoms is 
higher in orthopedic patients than in the general practice population and in 
the open community.  
 
Relationship between psychological symptoms and shoulder pain and 
disability. 
The relationship between psychological symptoms and shoulder pain and 
disability is not clearly defined. Psychological symptoms in patients with 
shoulder complaints might play a role in the etiology, perceived disability and 
pain, the persistence of symptoms and clinical outcome of treatment (Figure 
1). We will discuss these clinical aspects in the following chapters with 
available evidence found in the literature. 
 
 

 
 
Figure 1. Psychological symptoms and relationship with etiology, perception, adapting 
and managing shoulder problems. Yellow color indicates that these aspects are 
already studied by others, aspects in green will be studied in this thesis. 
 
 
The role of psychological symptoms in the etiology of shoulder pain and 
disability. 
Psychological symptoms and shoulder pain and disability have been suggested 
to be related. In literature depressive symptoms were frequently observed in 

psychological 
symptoms 

etiology 
shoulder 

symptoms 

perception 
shoulder pain 
and disability 

persitence 
shoulder 

symptoms 

outcome 
treatment 

shoulder pain 
and disability 



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 14PDF page: 14PDF page: 14PDF page: 14

14

 
 

patients with chronic pain and depressed patients often reported pain and 
disability.14,15 Depression in patients with chronic shoulder pain is suggested to 
be a consequence of the chronic pain or disability, but in contrast, chronic 
shoulder pain and disability might also reflect an underlying depressive 
disturbance.16 
If chronic shoulder pain and disability reflect an underlying psychological 
disturbance and the psychological symptoms are not treated, then clinical 
outcome after shoulder surgery should be worse in patients with psycho-
logical symptoms. On the other hand, if psychological symptoms are a 
consequence of chronic shoulder pain and disability, than these psychological 
symptoms are expected to disappear or diminish after successful shoulder 
surgery. The relationship between psychological symptoms and shoulder pain 
and disability has not been studied yet.  
 
What we know:  
No studies have been performed to address the question of whether 
psychological symptoms play a role in the etiology of shoulder pain and 
disability  
 
What is unknown:  
Do psychological symptoms have a role in the etiology of shoulder pain and 
disability?  
 
Psychological symptoms and the perception of shoulder pain and disability. 
Psychological symptoms influence the perception of shoulder pain and 
disability.2,7,17 Patients with psychological symptoms report higher pain levels 
and disability. The presence of psychological symptoms has an impact on the 
magnitude of self-reported shoulder outcome measurements. Previous 
studies showed that symptoms of depression and anxiety before surgery were 
significantly associated with higher self-assessed symptom scores of the DASH 
and the Simple Shoulder Test.2,7,17 In these studies patient-perceived disability 
correlated at least as much with psychological distress as with objective 
impairment. 
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What we know:  
Psychological symptoms influence the perception of shoulder pain and 
disability. Patients with psychological symptoms report higher pain levels and 
disability. The presence of psychological symptoms has an impact on the 
magnitude of self-reported shoulder outcome measurements. 
 
What is unknown:  
What is the influence of psychological symptoms on a subjective functional 
measure (DASH score) compared to a functional measure with more objective 
measurements (Constant Murley score) in patients scheduled for shoulder 
surgery?  
 
Psychological symptoms and the persistence of shoulder symptoms. 
We did not find any orthopedic literature about the presence of psychological 
symptoms and the persistence of shoulder pain. In primary care physio-
therapy studies are performed to examine the influence of psychological 
symptoms on the persistence of shoulder symptoms. Mental health problems, 
psychological stress and catastrophic thoughts are reported in primary care as 
predictors of persistent shoulder complaints.18-20 In a prospective cohort study 
in a physical therapy practice, Karels et al. (2007) concluded that somatisation, 
kinesiophobia and catastrophising were significantly related to the persistence 
of arm, neck and shoulder complaints over six months.21 
 
What we know:   
Mental health problems, psychological stress, catastrophising, somatisation 
and kinesiophobia are reported in primary care and physical therapy to 
influence the perception of shoulder pain and disability. 
 
What is unknown:    
What is the influence of psychological symptoms on the persistence of 
shoulder pain in orthopedic patients? 
 
Psychological symptoms and clinical outcome after shoulder surgery. 
In orthopedic literature, several publications about populations undergoing 
total joint arthroplasty and surgery for degenerative spine conditions 
suggested that for psychological distressed patients, higher levels of pain and 
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lower levels of function persisted after surgical intervention.22-25 Two 
systematic reviews about the influence of psychosocial factors on the 
outcome after total hip and total knee replacement found limited evidence 
and conflicting results.26,27 Only global mental health and pain catastrophizing 
influenced the outcome after total hip and knee arthroplasty26 and presence 
of catastrophic thinking and poor coping strategies predicted more pain after 
total knee replacement.27 These systematic reviews did not include the study 
performed in Rotterdam by Duivenvoorden et al in 2013.28 They observed in 
patients after total hip and knee arthroplasty that depressive symptoms 
before surgery predicted smaller changes in different HOOS or KOOS subscales 
and patients were less satisfied 12 months after surgery.  
If we analyze these reports that studied the influence of psychological 
symptoms on the clinical outcome after orthopedic surgery more closely, 
different results are found depending on the outcome measures of these 
studies. If only the clinical outcome score after surgery was used as outcome 
measure, several studies found a negative association between preoperative 
psychological symptoms and clinical outcome score at follow-up.1,22-25 If the 
change of clinical score before and after surgery was used however, no 
association was observed between preoperative psychological symptoms and 
change of clinical score.24,25,29 
In contrast to the research done in other orthopedic conditions, the 
association of psychological symptoms with clinical outcome after shoulder 
surgery was not studied until recently. In the past, the results after shoulder 
surgery were considered to be inferior compared to the results after other 
orthopedic interventions such as hip and knee replacement. Shoulder pain 
and disability, like pain and disability in the lower spine, were thought to 
relate to psychological problems and were suggested to be associated with 
worse clinical outcome, although the literature provides no evidence for this 
opinion. Patients with psychological symptoms and chronic musculoskeletal 
pain often have several associated symptoms of inability to concentrate, loss 
of motivation, disturbed sleep, fatigue, and pessimism. These symptoms may 
influence the patient’s ability to benefit from conservative treatment and 
from the rehabilitation program after surgery. As a result, psychological 
symptoms could be negatively associated with clinical outcome after surgery 
(Figure 2). 
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Shoulder surgery 

 
Figure 3. Influence of psychological symptoms on the rehabilitation process and 
outcome after shoulder surgery. Yellow color indicates that these aspects are already 
studied by others, aspects in green will be studied in this thesis. 
 
 
What we know:   
In systematic reviews about the influence of psychosocial symptoms on the 
outcome after total hip and total knee replacement limited evidence and 
conflicting results were found; no studies have been performed in orthopedic 
shoulder patients.  
 
What is unknown:    
Are psychological symptoms before and 12 months after surgery associated 
with clinical outcome and patient perceived improvement of pain and 
function after shoulder surgery? 
 
  

psychological 
symptoms 

perception 
shoulder pain 
and disability 

managment 
stress and pain 
after shoulder 

surgery 

ability to benefit 
rehabilitation 

program 

complications 
after shoulder 

surgery 
patient 

expectations 

Clinical 
outcome: 
PROM's 

clinical 
outcome: 

patient 
satisfaction 
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Clinical relevance and implications of psychological symptoms and the 
treatment of orthopedic patients with shoulder pain and disability. 
 
Three possible relationships between psychological symptoms and shoulder 
complaints are possible: 
1 shoulder pain and disability reflects an underlying psychological 

disturbance 
2 psychological symptoms are a consequence of chronic shoulder pain 

and disability 
3 psychological symptoms and shoulder pain and disability are not 

related; psychological symptoms have a negative influence on the 
perception of shoulder pain and disability 

 
Clinical implication of the three possible relationships: 
1 If chronic shoulder pain and disability reflect an underlying 

psychological disturbance and the psychological symptoms are not 
treated, then clinical outcome after shoulder surgery would be worse 
in patients with psychological symptoms. In these patients, 
psychological symptoms should be treated, not the shoulder 
complaints.  

2 If psychological symptoms are a consequence of chronic shoulder pain 
and disability, than these psychological symptoms are expected to 
disappear after successful shoulder surgery. In these patients we 
should treat the shoulder symptoms. 

3 If psychological symptoms and shoulder complaints are not related, 
but psychological symptoms negatively influence the perception of 
shoulder pain and disability, than we should treat the shoulder and 
the psychological symptoms to get the best clinical outcome. 

 
(the relationship could be more complex: the influence / the causal 
dependency of psychological symptoms andshoulder complaints 
might be uni- or bidirectional, with directions possibly difficult to 
separate) 

 
 
  



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 19PDF page: 19PDF page: 19PDF page: 19

1

19

 
 

Study population 
 
All studies of this thesis were performed in the Deventer Hospital. The 
orthopedic department of the Deventer Hospital has a shoulder unit (founded 
in 2006) where two dedicated shoulder surgeons are working closely together 
with two specialized shoulder physiotherapists. On the shoulder unit we have 
a pre-operative clinic where all patients are seen before shoulder surgery by 
an experienced shoulder physiotherapist. Patient expectations of the results 
of the shoulder surgery are discussed and the rehabilitation program is 
explained. All data for the research projects were collected in our shoulder 
unit. The shoulder unit collaborates with the regional Shoulder Network of 
Shoulder Physiotherapists, a group of specialized and trained shoulder 
physiotherapists, in order to optimize the results after shoulder surgery. In our 
shoulder unit we use a multidisciplinary biopsychosocial framework in order 
to design a diagnostic and therapeutic pathway for each individual patient. 
The orthopedic surgeon focuses on the anatomic aspects and the possible 
conservative and operative treatment options. The shoulder physiotherapist is 
the expert on the physiotherapy treatment options and focuses on the 
improvement of movement chains in and around the shoulder. Because there 
was no self reported psychological score for patients with shoulder complaints 
available at the start of the shoulder unit, we decided to validate the Four-
dimensional symptom questionnaire (4DSQ). This questionnaire has originally 
been developed and validated for a general practice population and is also 
frequently used by physiotherapists. This was the start of this thesis!  
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Aim of this thesis 
 
The aim of this thesis was to study the influence of psychological symptoms 
on clinical outcome after shoulder surgery. 
 
 
Research questions of this thesis: 
 
Validation of a psychological questionnaire in orthopedic shoulder patients: 
 
1 Is the Four-Dimensional Symptom Questionnaire (4DSQ) a valid 

psychological questionnaire in orthopedic patients with shoulder pain 
and disability? 

 
Psychological symptoms and clinical outcome after shoulder surgery: 
 
2 What is the prevalence of psychological symptoms in patients 

scheduled for shoulder surgery? 
3 Are psychological symptoms before and after surgery associated with 

an inferior clinical outcome and patient perceived improvement of 
pain and function after shoulder surgery? 

4 Do psychological symptoms disappear after shoulder surgery? 
5 Are change of shoulder pain and function before and after shoulder 

surgery associated with the change in psychological symptoms before 
and after shoulder surgery? 

6 What are prognostic factors for the development of frozen shoulder 
after shoulder surgery? 

 
Psychological symptoms, PROMs and objective shoulder scores: 
 
7 To what extent do psychological symptoms influence a subjective 

functional measure (DASH score) and a functional measure with more 
objective measurements (Constant-Murley score) in patients 
scheduled for shoulder surgery? 

8 Do psychological symptoms before shoulder surgery influence the 
minimal clinically important difference of the DASH score? 
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Patient expectations of shoulder surgery: 
 
9 Can we develop a valid and reliable Patients Expectations for Shoulder 

Surgery (PESS) survey to determine patient expectations in orthopedic 
patients with shoulder pain and disability scheduled for shoulder 
surgery? 

10 Are patient expectations measured before surgery associated with 
clinical outcome after shoulder surgery? 

 
This thesis contains ten chapters; chapter 2 to 8 addresses the specific 
research questions. 
 
Chapter 2  is a validation study of the 4DSQ test in orthopedic patients with 
shoulder pain and disability. The 4DSQ test is a psychological questionnaire, 
validated in primary care, which identifies four common psychological 
disorders: distress, depression, anxiety and somatisation. For further studies 
of this thesis we needed a psychological questionnaire that identifies clinical 
relevant psychological symptoms and is validated in orthopedic patients with 
shoulder pain and disability.  
 
Chapter 3  presents the most important research question of this study: are 
psychological symptoms before and 12 months after surgery associated with 
an inferior clinical outcome and patient perceived improvement of pain and 
function after shoulder surgery? Also the prevalence of psychological 
symptoms in orthopedic patients with chronic shoulder complaints was 
identified. We prospectively studied a large cohort of shoulder patients (n = 
315) operated at the Deventer Hospital. 
 
Chapter 4  presents a study in which the disappearance of psychological 
symptoms before and one year after shoulder surgery was analyzed. The 
association between the change of shoulder pain/ function before and 12 
months after surgery and change of psychological symptoms before and 12 
months after shoulder surgery was investigated. The background for this study 
was to investigate the possible relationship between chronic shoulder pain 
and psychological symptoms. 
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Chapter 5  studied one of the serious complications after shoulder surgery: 
frozen shoulder. A postoperative frozen shoulder is a painful and debilitating 
complication after shoulder surgery. We observed if frozen shoulder after 
shoulder surgery developed after all different operative shoulder procedures. 
Prognostic factors for the development of frozen shoulder after shoulder 
surgery were identified using a prediction model. We also analyzed if 
postoperative frozen shoulder was more frequently encountered if patients 
had psychological symptoms before surgery.  
 
Chapter 6 Several shoulder scores are available to evaluate general 
shoulder function, pain and disability, ranging from objective clinician-based 
measurements to more subjective selfreported measurements. Psychological 
symptoms influence shoulder scores, leading to worse outcome scores. The 
influence of four common psychological symptoms (depression, anxiety, 
somatisation and psychological distress) on a subjective functional measure 
(DASH score) and on a functional measure with more objective measurements 
(Constant Murley score) was assessed in patients scheduled for shoulder 
surgery. Secondly, the mismatch between the subjective and objective 
measures and whether the difference was greater for patients with 
psychological symptoms compared to patients without psychological 
symptoms was analyzed. Our hypothesis was that there was a greater 
mismatch between subjective and objective measures among patients with 
psychological symptoms compared to patients without psychological 
symptoms.    
 
Chapter 7  psychological symptoms have a negative influence on the 
perception of shoulder pain and function in patients, resulting in worse DASH 
scores. The minimal clinically important difference of the DASH score is 
defined as the smallest measured change score that patients perceive to be 
important. We analyzed if the minimal clinically important difference of the 
DASH score was different in patients with and without psychological 
symptoms. 
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Chapter 8  addresses the expectations of patients before shoulder surgery. 
Expectations before surgery are reported to correlate with clinical results after 
several orthopedic operations. There is currently no patient expectations 
survey available for patients undergoing shoulder surgery that is validated, 
reliable and easy to use in daily practice. Therefore, we developed the 
Patients Expectations of Shoulder Surgery (PESS) survey. The association 
between patient expectations and clinical outcome after shoulder surgery was 
studied.  
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Chapter 2 
 
Validation of the Four-Dimensional Symptom Questionnaire (4DSQ) and 
prevalence of psychological disorders in orthopedic shoulder patients  
 
Rinco C.T. Koorevaar, Berend Terluin, Esther van ‘t Riet,Sjoerd K. Bulstra 
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Four-Dimensional Symptom Questionnaire (4DSQ) and prevalence of 
psychological disorders in orthopedic shoulder patients. J Orthop Res. 2016;34: 
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Abstract 
 
Psychological problems are common in shoulder patients. A validated tool 
measuring different psychological disorders in shoulder patients is lacking. The 
4DSQ is a self-report questionnaire to identify distress, depression, anxiety 
and somatization. The aim of this study was to assess whether the 4DSQ 
measures these four constructs the same way in an orthopedic population 
with shoulder problems as in a general practice population. Also we 
investigated the prevalence of psychological disorders in shoulder patients. 
The shoulder group consisted of 200 consecutive patients, the general 
practice group of 368 patients, matched for gender and age. Differential item 
functioning analysis was conducted and showed that the 4DSQ measures the 
different psychological disorders in orthopedic shoulder patients the same 
way as in general practice patients. The shoulder patients tended to score 
higher on the somatization scale, resulting in a new cut-off point for 
somatization. The  prevalence’s of distress, somatization, anxiety and 
depression in the shoulder group was 23%, 14%, 10% and 8% respectively. 
It can be concluded from this study that the 4DSQ in orthopedic shoulder 
patients measures the same constructs as in general practice patients and can 
therefore be used in orthopedic practice to measure psychological disorders 
in patients with shoulder complaints.  
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Introduction 
 
Shoulder pain is one of the most common orthopedic problems. Its incidence 
is growing, as is knowledge about the treatment of different shoulder 
problems. Shoulder problems are often chronic and may have a substantial 
impact on physical activity, mental state and quality of life.1,2 
Clinicians increasingly recognize that in patients with shoulder complaints 
psychological factors play a role in the etiology, in perceived disability and 
pain and in the outcome of treatment.  Several studies have suggested an 
association between chronic musculoskeletal pain and psycho-logical distress. 
Depressive symptoms are frequently found in patients with chronic 
musculoskeletal pain, and depressed patients often report pain and 
disability.3,4 Psychological distress, particularly depression, is highly prevalent 
among the elderly and has been consistently demonstrated to contribute or 
even predict symptom severity of several musculoskeletal disorders.5,6 In 
patients with chronic shoulder pain, depressive symptoms were found to be 
significantly associated with higher symptom scores and greater disability.7,8 
One interpretation of these observations might be that depression is a 
consequence of pain and disability, but it is also possible that chronic pain and 
disability reflect an underlying depressive disorder. Limited data are available 
about the prevalence of psychological disorders in orthopedic patients with 
shoulder complaints. 
Preoperative psychological distress, such as depression and anxiety, is 
associated with poor clinical outcomes after orthopedic surgery of the hip, 
knee and lumbar spine.9,10,11 We are not aware of any studies about pre-
operative psychological disorders and clinical outcome after shoulder surgery. 
Identification of disturbing psychological disorders before musculoskeletal 
surgery may avoid a poor clinical outcome after treatment if the psychological 
disorders can be modified before surgery.  
Therefore, a practical, self reported measurement tool that identifies all the 
relevant psychological disorders in patients with shoulder complaints in 
orthopedic daily practice is needed. This psychological test should be reliable 
in all orthopedic patients with shoulder disorders, irrespective of the level of 
pain and duration of symptoms. In most orthopedic research, psychological 
distress is only accounted for by measuring depressive and anxiety symptoms. 
Frequently-used psychological tests are the Hospital Anxiety and Depression 
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scale (HADS), the Center for Epidemiologic Studies-Depression (CES-D) scale 
and the Pain Anxiety Symptoms Scale (PASS). However, in patients with 
chronic shoulder pain the psychological disorder somatization seems to be 
also important. In a prospective cohort study in physical therapy practice 
somatization, kinesiophobia and catastrophizing were significantly related to 
the persistence of arm, neck and shoulder complaints over six months.12 
When studying patients with musculoskeletal illnesses, Jørgensen et al.13 
found that psychological distress and somatization acted as significant 
predictors of four different outcome measures, including patient self-rated 
improvement. To investigate the prevalence of psychological problems in 
orthopedic patients with shoulder pain we therefore need a psychological test 
that addresses all the different psychological problems seen in patients with 
chronic shoulder pain, including somatization.    
The four-dimensional symptom questionnaire (4DSQ) is a 50-item self-report 
questionnaire that was developed in primary care to identify the following 
four dimensions of common psychological symptoms: distress, depression, 
anxiety and somatization. Distress is conceptualized as a normal stress 
reaction (due to ’stress of life’), whereas depression, anxiety and somatization 
(unexplained physical symptoms) are conceptualized as abnormal response 
patterns that occur in psychiatric disorders. Several validation studies confirm 
the reliability and validity of the 4DSQ for primary care practice.14,15,16 So far, 
the 4DQS has not been used in orthopedic research and has not been 
validated in orthopedic practice. 
The aim of this study was to assess whether the 4DSQ measures the 
constructs of distress, depression, anxiety and somatization the same way in 
an orthopedic population with shoulder problems as in a general practice 
population and can therefore be used as screening instrument for psycho-
logical disorders in orthopedic patients. Also we investigated the prevalence 
of distress, depression, anxiety and somatization in an orthopedic population 
with shoulder problems. 
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Patients and Methods 
 
Design and study population 
This study has a prospective cross-sectional design. The focal group consisted 
of all consecutive orthopedic patients with chronic shoulder complaints 
scheduled for shoulder surgery, seen as outpatients at our clinic in 2012. 
These patients were treated by two orthopedic surgeons experienced in 
shoulder surgery, working in a general teaching hospital. Exclusion criteria 
were: patients with fractures and patients with revision shoulder surgery.  
The reference group consisted of matched general practice patients randomly 
selected from two datasets. The first dataset was a population of 2717 
consecutive patients of 37 general practitioners, aged 15-64. These patients 
came for consultation with various complaints of physical or psycho-logical 
origin, or both. The second dataset was a population of 823 general practice 
patients with mental health problems, aged 15-85. Matching with shoulder 
patients for gender and age was done to assure that DIF in the 4DSQ, when 
detected, could not be attributed to between-group differences in gender and 
age distributions. We aimed to select two matched general practice patients 
for every orthopedic patient.  
 
Data collection  
Orthopedic patients prior to elective shoulder surgery were seen as out-
patients at a physiotherapeutic practice at our shoulder subunit. The 
practitioner was an experienced shoulder physiotherapist and independent 
researcher, and was not involved in the treatment of these patients. Patients’ 
expectations of the result after shoulder surgery were discussed and the 
rehabilitation program was explained. The Constant Murley score, the DASH 
score, the 4DSQ and the VAS score were obtained. All patients received 
written information about the nature of the study and were asked permission 
to participate in this study. This study was approved by the Institutional 
Review Board of the Deventer Hospital (ME 12-00).  
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Questionnaires 
 
4DSQ 
The 4DSQ contains 50 items distributed over four scales: 16 items of the 
somatization scale, 16 items of the distress scale, 12 of the anxiety scale and 6 
of the depression scale. The distress scale measures people’s most general, 
most basic response to stress of any kind, be it work or family demands, 
psychosocial difficulties or life events.14 The depression and anxiety scales 
measure specific symptoms of depressive and anxiety disorders, severe 
enough to warrant specific treatment. The somatization scale measures 
symptoms associated with somatic distress. Response categories per item are 
“no”, “sometimes”, “regularly”, “often”, “very often or constantly”. To arrive 
at scale scores, the responses are scored 0 for “no”, 1 for “sometimes” and 2 
for the other response categories and the item scores are summated to scale 
scores. The reason for collapsing the highest response categories “regularly”, 
“often” and “very often or constantly” into a single category is to avoid 
spurious correlations due to exaggerated response tendencies. This way of 
scoring the symptoms ensures that the scale score reflects primarily the 
number of symptoms rather than their subjective severity.17 The 4DSQ is 
freely available for non-commercial use in health care and research at: 
www.emgo.nl/researchtools/4DSQ.asp.  
The 4DSQ also gives a recommendation for treatment. “Low risk” means the 
person has a normal level of tension and has no problems in functioning. 
“Medium risk” is a sign of possible problems, which needs to be monitored 
and discussed with the patient. The “high risk” category needs further 
diagnosis and suitable treatment.  
 
Constant Murley score 
The Constant Murley score (CMS) is a 100-points scale and divided into four 
subscales: pain (15 points), activities of daily living (20 points), strength  
(25 points) and range of motion (40 points).18 Subjective findings (severity of 
pain, activities of daily living and working in different positions) of the 
participants are responsible for 35 points and objective measurements (active 
range of motion and muscle strength) are responsible for the remaining 65 
points. 
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DASH score 
The Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire is a 30-
item, self-report questionnaire designed to measure physical function and 
symptoms in people with any of several musculoskeletal disorders of the 
upper limb.19  
 
VAS pain score 
Pain intensity was measured by the use of the VAS pain score, where a score 
of 0 points represents no pain and a score of 10 points represents unbearable 
pain. Patients were given a visual scale and asked to point to the best 
representation of their pain. The VAS maximum pain score, the VAS minimum 
pain score and the VAS mean score was obtained. 
 
Differential item and test functioning analysis 
The 4DSQ was developed and validated in general practice. To determine if 
the 4DSQ is a proper measurement tool in orthopedic patients with shoulder 
problems we can use Differential Item Functioning (DIF) analysis.  DIF analysis 
is used to assess whether the 4DSQ measures the constructs of distress, 
depression, anxiety and somatization the same way in an orthopedic 
population with shoulder problems as in a general practice population.20 DIF 
analysis examines and compares the answers to the questions of a 
questionnaire or scale like the 4DSQ across two different groups. Such a 
questionnaire employs questions (called “items”) to measure a construct, like 
“depression”, that cannot be measured directly. The patients’ responses to 
the items provide information on the level of the underlying construct (called 
the “latent trait”, e.g., depression) that the patient is experiencing. Ideally the 
item responses are solely determined by patients’ positions on the latent trait 
across different groups. In that case the item is said to function the same in 
different groups, i.e., the items provides the same information about the 
underlying trait in both groups. However, when the responses to an item are 
not only determined by the patients’ positions on the latent trait, but also by 
the fact that they belong to a particular group, the item is said to function 
differently. The item, then, does not provide the same information about the 
underlying trait in both groups. Consequently, the questionnaire to which that 
item belongs will not provide the same information about the underlying trait 
in both groups. Thus, DIF is present when patients of one group, after 
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adjusting for the overall true level of the latent trait (e.g., depression), 
respond differently to an item than patients of another group.  
The method of DIF analysis basically examines all the items of a scale for the 
existence of DIF. When no DIF is found, it can be assumed that the scale 
measures the same construct in the groups examined. There are two reasons 
why an item can function differently. First, the item can have different 
thresholds for endorsing in one group compared to the other group. This 
implicates that endorsing the item requires different levels of the underlying 
trait across different groups. A well-known example is the item “crying” as an 
indicator of depression, which item has a lower threshold in women than in 
men. Women cry more easily than men and consequently, in women a lower 
level of depression is required to endorse crying than in men. Crying is said to 
be a less severe symptom of depression in women than in men. Differences in 
item severity can also occur when an item has a slightly different meaning or 
cultural loading across different groups. The second reason for DIF is that the 
item measures something completely or partially different across different 
groups. Differences in language or culture can cause this kind of DIF.  
To what extent item-level DIF affects the scale score, depends on the number 
of DIF-laden items and the amount and net direction of DIF. This is examined 
by differential test functioning (DTF) analysis. DFT analysis basically evaluates 
the raw scale score in relation to the true levels of the underlying trait. DIF-
free items are used to construct a measure on which the groups can be 
matched (hence, this measure is called the “matching variable”). A scale does 
not exhibit DFT (i.e., measures the same underlying trait) when the raw scale 
scores, adjusted for the true level of the trait, are similar. On the other hand, 
DFT implies that the raw scale scores are different. A more detailed and more 
technical account of DIF and DFT analysis can be found in the addendum ‘DIF 
analysis’.  
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Results 
 
Description of the study population 
In 2012 all consecutive orthopedic shoulder patients were asked to visit the 
physiotherapeutic practice at our shoulder subunit before surgery and to fill in 
the 4DSQ.  Of these 225 patients, 200 patients visited the physiotherapeutic 
practice at our shoulder subunit and filled in the 4DSQ and were included in 
this study. No orthopedic shoulder patient had any missing 4DSQ item scores. 
Table 1 shows the diagnoses and the patient characteristics in the orthopedic 
shoulder group.  
 
Table 1. Diagnoses and patients characteristics of the orthopedic shoulder 
group. 
Diagnoses Nr Age 

(years) 
Male 
(%) 

Right/ 
left 

Dominant 
side (%) 

Duration of 
symptoms 
(months) 

VAS 
(mean, 

sd) 

DASH 
(mean, 

sd) 

CMS 
(mean, 

sd0 
          
Total 200 52.5 54 116/84 61 30.5 5.2 

(4.5) 
41.2 

(21.2) 
53.6 

(19.8) 
          

subacromial pain 
syndrome 

10 49.5 70 7/3 70 25 6.2 
(2.3) 

45 (23) 45 
(17.9) 

rotator cuff 
rupture 

73 59.6 62 41/32 63 21.5 5.3 
(2.3) 

44.9 
(19.5) 

49.9 
(19.1) 

calcifying tendinitis 9 50.8 33 4/5 44 35.3 5.1 
(2.6) 

38 
(24.1) 

59.8 
(12) 

symptomatic 
acromioclavicular 
osteoarthritis 

19 56.1 58 11/8 53 33.9 5.4 
(1.8) 

42 
(16.3) 

56.2 
(12.4) 

glenohumeral 
instability 

42 33.3 50 21/21 55 46.5 3.7 
(2.9) 

27.5 
(18.7) 

68.5 
(13.8) 

glenohumeral 
osteoarthritis 

22 70.9 32 16/6 73 27.1 7.4 
(1.7) 

47.6 
(19.6) 

37.5 
(19.1) 

frozen shoulder 4 54.0 75 0/4 50 11.5 7.3 
(3.9) 

60.5 
(23.3) 

21.5 
(27.6) 

 
Other 

 
21 

 
45.0 

 

 
52 

 
16/5 

 
90 

 
34.5 

 
5.2 

(2.7) 

 
47.7 

(24.8) 

 
55.7 

(20.5) 

A total of 368 patients were selected from Dutch general practice databases. Because especially in the older 
age groups not enough general practice patients were available to realize our goal of including two general 
practice patients for every orthopedic patient, the reference group consisted of 368 instead of 400 patients. 
Table 2 describes the general characteristics of the patients in both groups and the mean 4DSQ total scores 
in each domain. The mean 4DSQ total score turned out to be lower in the orthopedic shoulder group than 
in the general practice group.  
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Table 2. General characteristics of the orthopedic shoulder group and the general 
practice group, and 4DSQ scores. 
 
 

Focal group 
(200 shoulder patients) 

Reference group 
(368 general practice patients) 

Male / female 108 / 92 (54% / 46%) 212 / 156 (58% / 42%) 
Age (mean) 52.5 years (sd 16.2;  

range 16-83) 
49.9 years (sd 14.2;  

range 17-85) 
Mean 4DSQ scores   

Distress (range 0-32) 6.1 (sd 6.2) 10.0 (sd 8.7) 
Depression (range 0-12) 0.7 (sd 2.0) 1.6 (sd 2.9) 
Anxiety (range 0-24) 0.9 (sd 1.9) 2.8 (sd 4.2) 
Somatization (range 0-32) 6.8 (sd 5.3) 8.3 (sd 6.4) 

 
 
Differential item functioning (DIF)  
 
Somatization scale  
The somatization scale with its 16 items showed six items with DIF (Table 3). 
Items 2, 4, 5, 9 and 14 were found to have DIF in the Mantel Haenszel analysis, 
and items 2, 5, 14 and 16 were detected as having DIF in the ordinal 
regression analysis.  
 
 
Table 3. 4DSQ items identified with differential item functioning (DIF) 
Item # Short item description DIF Analysis1 DIF Direction2 
Distress    

Item 20 disturbed sleep? MH more likely 
Item 38 difficulty thinking clearly? MH less likely 
Item 39 difficulty in getting to sleep? MH more likely 
Item 47 fleeting images of any upsetting events?  MH & OLR less likely 
Item 48 put aside thoughts of upsetting event(s)? MH less likely 

Anxiety    
Item 50 repeat actions before doing something else MH & OLR less likely 

Somatization   
Item 2 painful muscles? MH & OLR more likely 
Item 4 neck pain? MH more likely 
Item 5 back pain? MH & OLR more likely 
Item 9 bloated abdomen feeling? MH more likely 
Item 14 tingling in the fingers? MH & OLR more likely 
Item 16 chest pain? OLR less likely 

1DIF analysis method: MH: Mantel-Haenszel method; OLR: ordinal logistic regression. 
2DIF direction: orthopedic shoulder patients more or less likely to endorse the item than GP patients.  
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Five of these items were more likely to be endorsed by the orthopedic 
patients than the general practice patients, adjusted for true level of 
somatization. The exception was item 16 (chest pain), which was less likely to 
be endorsed by orthopedic patients.  Four of these DIF items (painful muscles, 
neck pain, back pain and tingling in the fingers) referred to the musculo-
skeletal system. We found that in orthopedic shoulder patients the items 
related to the musculoskeletal system fitted the Rasch model of the 
somatization scale as well as they did in general practice patients. Apparently, 
the items still measure (mainly) somatization in the orthopedic group and the 
reason why these patients are more likely to endorse these items is that they 
have lower thresholds for the symptoms as a consequence of their shoulder 
conditions. By the same token, orthopedic patients appeared to have a lower 
threshold for abdominal symptoms (a bloated feeling) and an elevated 
threshold for chest pain.  
To illustrate, figure 1 depicts the item characteristic curve (ICC) of item 2 
(painful muscles). This item was more likely to be endorsed by the ortho-pedic 
patients than the general practice patients, adjusted for true level of 
somatization. For instance, orthopedic patients with a true level of 
somatization corresponding with a theta score of -1 (theta is the IRT scale 
metric) had a probability of about 30% of endorsing option 1 for item 2, 
whereas general practice patients with the same level of true somatization 
had a lower probability, of about 20%, of endorsing option 1. Analogously, 
orthopedic patients with a true somatization level expressed by a theta score 
of +1 had a probability of 80% of endorsing option 2, whereas general practice 
patients with a similar level of somatization had a probability of a little over 
50%. The ICCs showed that the DIF items of the somatization scale were 
equally well correlated with somatization in orthopedic shoulder patients as in 
general practice patients; only item 14’s slope (tingling in the fingers) was 
slightly less steep.  
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Distress scale 
The distress scale with its 16 items showed 5 items with DIF (Table 3). Two DIF 
items refer to sleep disorders: item 20 (disturbed sleep) and item 39 (difficulty 
in getting to sleep). These items were more likely to be endorsed by the ortho-
pedic patients than the general practice patients, adjusted for true level of 
distress. Items 47 and 48 (did you ever have fleeting images of any upsetting 
event(s) that you have experienced?/ did you ever have to do your best to put 
aside thoughts about any upsetting event(s)?) are questions about having 
issues handling past upsetting events. These items were found less likely to be 
endorsed by the orthopedic patients than the general practice patients, when 
the level of distress was low-to-medium. These five DIF items were found by 
the Mantel Haenszel analysis; only item 47 was also found to have DIF by the 
ordinal logistic regression analysis.  
  
Depression scale  
There was no DIF found in the six items of the depression scale, neither by 
ordinal logistic regression nor by Mantel Haenszel analysis.  
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Anxiety scale 
The anxiety scale with its twelve items showed only minor DIF in item 50 (did 
you have to repeat some actions a number of times before you could do 
something else?). Orthopedic patients had slightly lower scores on this item 
than the general practice patients.  
 
Differential test functioning (DTF) 
Figure 2 displays the raw scale scores as a function of the DIF-adjusted IRT 
theta score for distress, anxiety and somatization (the depression scale did not 
contain any DIF). The DIF in the distress items caused orthopedic patients with 
low levels of distress to score up to 1 point higher than the general practice 
group. However, from the lower cut-
on the raw distress scale score was negligible. Hence the small amount of DIF 
on the distress scale score did not impact on the decision to classify patients 
as having a low or medium risk. The effect of DIF on the anxiety scale was 
negligible over the whole range of the scale. Do note that the range of anxiety 
was even more limited (0-11) in orthopedic patients than in general practice 
patients (0-22). The somatization scale clearly demonstrated a more 
substantial effect of DIF on the raw score. The orthopedic group scored on 
average at least 2 points higher on the somatization scale in the lower and 
middle levels of somatization. The conventional cut-off point for medium risk 

-0.3. 
Note that orthopedic and general practice patients with the same theta score 
experienced the same true level of somatization, so in orthopedic patients the 
cut-off point for medium risk matching the theta score of -0.3 was about 13. 
The conventional cut-off point for high risk in general practic
corresponded to a theta score of about 0.9. This true level of somatization 
matched a raw score of 22 in orthopedic patients. To prevent false positives in 
orthopedic shoulder patients, the cut-off value of the somatization scale 
should be changed: the cut-off value between the low- and medium-risk 
group needs a 2-point elevation, from 11 to 13. The cut-off value between the 
medium- and high-risk group needs a 1-point elevation, from 21 to 22 (table 
4). Table 4 presents cut-off scores (including the new cut-off score for 
somatization) for orthopedic patients and general practice patients. 
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Table 4. Interpretation of 4DSQ scores for general practice patients and orthopedic 
shoulder patients. 
Interpretation of 4DSQ scores  Low risk Medium risk High risk 
DISTRESS SCALE Normal distress; in 

principle no action 
necessary. 

Increased distress with 
the threat of 
dysfunction; reduction 
is desirable. 

Severe distress with high 
risk of dysfunctional 
stress (sick leave); stress 
reduction is indicated. 

general practice patients and 
orthopedic shoulder patients 

0 – 10 11 – 20 21 – 32 

DEPRESSION SCALE Probably no 
depressive disorder. 

Possible depressive 
disorder; wait-and-see 
& re-evaluation after a 
few weeks; if indicated, 
clinical depression 
diagnosis. 

Relatively high risk of a 
depressive disorder; 
clinical depression 
diagnosis is indicated. 

general practice patients and 
orthopedic shoulder patients 

0 – 2 3 – 5 6 – 12 

ANXIETY SCALE Probably no anxiety 
disorder. 

Possible anxiety 
disorder; wait-and-see 
& re-evaluation after a 
few weeks; if indicated, 
clinical anxiety 
diagnosis. 

Relatively high risk of one 
or more anxiety 
disorders; clinical anxiety 
diagnosis is indicated. 

general practice patients and 
orthopedic shoulder patients 

0 – 3 4 – 9 10 – 24 

SOMATIZATION SCALE Relatively normal 
bodily reaction to 
stress. 

Possible somatization 
with the threat of 
dysfunction; discuss 
with patient. 

High risk of 
somatization; discuss 
with patient, consider 
cognitive behavioral 
therapy or referral. 

general practice patients 0 – 10 11 – 20 21 – 32 
orthopedic shoulder patients 0 – 12 13 – 21 22 – 32 
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Prevalence of psychological disorders in orthopedic shoulder patients 
 
Table 5 shows the corresponding prevalence of psychological problems in the 
orthopedic population, based on the combination of patients scoring medium 
or high risk. Distress was found in 23% of the orthopedic shoulder patients, 
somatization in 14%, anxiety in 10%, and depression in 8%.  
 
 
Table 5. Psychological disorders in the orthopedic shoulder group. 
Total group n = 200 Low risk Medium risk High risk Prevalence 
 
Distress 
 
Depression 
 
Anxiety 
 
Somatization 

 
155 

 
184 

 
181 

 
172 

 
38 

 
8 
 

14 
 

26 

 
7 
 

8 
 

5 
 

2 

 
23 % 

 
8 % 

 
10 % 

 
14 % 
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Discussion 
 
The object of this study was to assess whether the 4DSQ measures the 
constructs of distress, depression, anxiety and somatization the same way in 
an orthopedic population with shoulder problems as in a general practice 
population. It can be concluded from this study that the 4DSQ in orthopedic 
shoulder patients measures the same constructs as the 4DSQ in general 
practice patients and can therefore, with a small adaptation in the cut-off 
score for somatization, be used in orthopedic practice to measure psycho-
logical disorders in patients with shoulder complaints.  
The prevalence of psychological problems in orthopedic patients with 
shoulder complaints in this study was high. Distress was found in 23%, 
somatization in 14%, anxiety in 10% and depression in 8%. Studies reporting 
the prevalence of psychological disorders in orthopedic patients with shoulder 
complaints are limited. In two Korean studies the prevalence of depression 
and anxiety in patients with shoulder pain was reported. In a study with 
patients scheduled for rotator cuff repair the prevalence of depression was 
26,2% and anxiety 23,4%.8 In another study about patients with chronic 
shoulder pain depression was observed in 19% and 8% had high pain anxiety 
symptoms.29 Depression was found in 4,4% and anxiety in 1,6% in patients 
waiting for a shoulder arthroplasty in the United States.30 
Patients with shoulder pain and a depression, anxiety or somatization disorder 
are more difficult to treat. Patients suffering from depression may see 
themselves as being more disabled than might be expected from objective 
findings and, thus, might not be as capable of adapting to and managing pain-
ful upper extremity problems.31 Patients with a depression and chronic 
musculoskeletal pain have several associated symptoms of inability to 
concentrate, loss of motivation, disturbed sleep, fatigue, and pessimism. 
These symptoms may influence the patient’s ability to benefit from treatment 
and rehabilitation programs.5,32,33,34 Patients with a somatization disorder not 
only have complaints of the shoulder but also report pain in several other 
regions of their body. One Danish study reported the outcome after surgery 
(not only musculoskeletal surgery) in patients with a somatizing disorder.35 
The outcome of surgical treatment was generally unsuccessful. Patients with 
kinesiophobia, a specific type of anxiety, are more difficult to rehabilitate after 
surgery with a higher risk of postoperative stiffness after shoulder surgery.11 
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The question for further studies is how to deal with patients with shoulder 
complaints and a psychological disorder. Do we have to treat the psycho-
logical disorder first before we consider surgery or can we expect the psycho-
logical disorder to improve after treating the chronic shoulder condition by 
surgery? Preoperative psychological distress, such as depression and anxiety, 
is associated with poor clinical outcomes after several orthopedic 
operations.9,10,11 We are not aware of any study about psychological disorders 
and the outcome after shoulder surgery. It might be suspected that in ortho-
pedic patients with shoulder problems the clinical outcome after shoulder 
surgery will be also negatively influenced by psychological disorders.  
There are some limitations in this study that need to be discussed. Because 
this study was performed with patients scheduled for shoulder surgery our 
results are not generalizable to all patients with shoulder complaints. The 
included orthopedic shoulder patients constitute a group of selected patients 
with severe shoulder pain and disability whose symptoms have been present 
for a long time. We decided to study patients scheduled for shoulder surgery 
because we considered these patients ideal candidates for psychological 
screening. We would like to prevent inferior results after surgery by 
identification of psychological disorders before we consider a surgical treat-
ment in patients with shoulder complaints. Pain and disability might be higher 
in the study group in comparison to patients with shoulder complaints treated 
in a conservative way. Pain and disability correlate with depression and 
anxiety and the prevalence of psychological disorders might be higher in our 
study group than in other patients with shoulder complaints. The DIF analysis 
of this study was performed in a heterogeneous population with shoulder 
complaints, with different levels of pain and duration of symptoms. DIF 
analysis is not influenced by the prevalence of psychological disorders in a 
population. Therefore it can be expected that the 4DSQ is a proper measure-
ment tool not only for patients scheduled for shoulder surgery but for all 
orthopedic patients with shoulder complaints. Future research will be needed 
to indicate if it is useful to screen all orthopedic patients with shoulder 
complaints on psychological disorders. 
Patients were operated in a general teaching hospital by two ortho-pedic 
shoulder surgeons, with an orthopedic subunit specialized in treating patients 
with shoulder problems. Data from patients at other institution might differ 
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from our data. The prevalence of psychological disorders might differ between 
countries and are culture-bound.    
We included patients with all sorts of shoulder complaints in this study. The 
aim of this study was to find a measurement tool to detect psycho-logical 
disorders in all orthopedic patients with shoulder complaints, irrespective of 
the level of pain and duration of symptoms. In our study population we found 
psychological disorders in all shoulder conditions. In some shoulder conditions 
pain and functional disability are more pronounced than in other shoulder 
problems. For example in shoulder instability the main issue is the shoulder 
dislocation, pain and functional disability is less frequently reported than in 
other shoulder conditions. Pain and depression are known to be closely 
connected. In the shoulder instability group the prevalence of distress and 
depression was lower than in the total shoulder group (6% and 2% 
respectively), the prevalence of anxiety comparable (7%) but the prevalence 
of somatisation was higher in patients with an unstable shoulder (17%). The 
DIF analysis is however independent from the prevalence of a psychological 
disorder in the shoulder and the general practice group. It is even better to 
perform a validation study in a heterogeneous population with high 
prevalence of psychological disorders but also a group with a lower 
prevalence. The result of this study was that the 4DSQ is a proper measure-
ment tool to detect psychological disorders in orthopedic patients with all 
sorts of shoulder complaints. 
 
Conclusion 
The 4DSQ measures the construct of distress, depression, anxiety and 
somatization the same way in an orthopedic population with shoulder 
problems as in a general practice population. With a small adaptation in the 
cut-off score for somatization, the 4DSQ can be used in orthopedic practice to 
measure psychological disorders in patients with shoulder complaints. 
Psychological problems are common in orthopedic shoulder patients, with 
prevalence’s of distress, somatization, anxiety and depression of 23%, 14%, 
10% and 8% respectively. 
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Chapter 3 
 
The influence of preoperative and postoperative psychological symptoms on 
clinical outcome after shoulder surgery: a prospective longitudinal cohort 
study. 
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Abstract 
 
Background 
Psychological symptoms are highly prevalent in patients with shoulder 
complaints. Psychological symptoms in patients with shoulder complaints 
might play a role in the aetiology, perceived disability and pain and clinical 
outcome of treatment. The aim of this study was to assess whether 
preoperative symptoms of distress, depression, anxiety and somatisation 
were associated with a change in function after shoulder surgery and 
postoperative patient perceived improvement of pain and function. In 
addition, the change of psychological symptoms after shoulder surgery was 
analyzed and the influence of postoperative symptoms of psychological 
disorders after surgery on the change in function after shoulder surgery and 
perceived postoperative improvement of pain and function.  
 
Methods and findings 
A prospective longitudinal cohort study was performed in a general teaching 
hospital. 315 consecutive patients planned for elective shoulder surgery were 
included. Outcome measures included change of Disabilities of the Arm, 
Shoulder and Hand (DASH) score and anchor questions about improvement in 
pain and function after surgery. Psychological symptoms were identified 
before and 12 months after surgery with the validated Four-Dimensional 
Symptom Questionnaire (4DSQ). Psychological symptoms were encountered 
in all the various shoulder diagnoses. Preoperative symptoms of psychological 
disorders persisted after surgery in 56% of patients, 10% of patients with no 
symptoms of psychological disorders before surgery developed new psycho-
logical symptoms. Preoperative symptoms of psychological disorders were not 
associated with the change of DASH score and perceived improvement of pain 
and function after shoulder surgery. Patients with symptoms of psychological 
disorders after surgery were less likely to improve on the DASH score. Post-
operative symptoms of distress and depression were associated with worse 
perceived improvement of pain. Postoperative symptoms of distress, 
depression and somatisation were associated with worse perceived 
improvement of function.  
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Conclusions 
Preoperative symptoms of distress, depression, anxiety and somatisation 
were not associated with worse clinical outcome 12 months after shoulder 
surgery. Symptoms of psychological disorders before shoulder surgery 
persisted in 56% of patients after surgery. Postoperative symptoms of 
psychological disorders 12 months after shoulder surgery were strongly 
associated with worse clinical outcome.  
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Introduction 
 
Shoulder pain and disability is one of the most common musculoskeletal 
disorders, with a one-year prevalence of 31% in the general population.1 
Shoulder problems are often chronic and may have a substantial impact on 
physical activity, mental state and quality of life.2,3 A high prevalence of 
psychological symptoms in patients with shoulder complaints was reported in 
several studies.4-6 Psychological factors in patients with shoulder complaints 
might play a role in the aetiology, perceived disability and pain, the 
persistence of symptoms and clinical outcome of treatment. Psychological 
distress, such as pain anxiety or depression, is increasingly recognised as 
contributing to pain and disability perception in several musculoskeletal 
disorders.7,8 Several studies suggest an important role of somatisation in 
patients with chronic shoulder pain.9,10 
Identification of psychological symptoms before treatment of shoulder 
complaints is important because patients who suffer from depression or (pain) 
anxiety may not be as capable of adapting to and managing painful upper-
extremity problems.11 They may subjectively perceive themselves as more 
disabled than would be expected on the basis of objective physical findings.12 
Adequate coping mechanisms are important in both the experience of pain 
and the perception of disability.13 Biopsychosocial models have recently been 
proposed, suggesting that a complete understanding of pain-related 
outcomes will require consideration of psychological and social factors, as well 
as physical factors.14,15 In orthopaedic literature, preoperative psychological 
distress such as depression and anxiety has been reported to be associated 
with worse clinical outcomes after surgery of the hip, knee and lumbar 
spine.16,17 In two recent studies, preoperative psychological distress was not 
associated with clinical outcome after rotator cuff surgery.18,19 If, however, 
preoperative psychological status appears to have an impact on the outcome 
after shoulder surgery, then the identification and treatment of psychological 
disorders should be an essential part of the preoperative assessment. After 
shoulder surgery, the management of stress and pain and the ability to 
benefit from the rehabilitation program may be influenced by postoperative 
psychological symptoms. The perception of shoulder pain and disability at 
follow-up could be affected by psychological symptoms, resulting in inferior 
clinical outcomes. 
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The aim of this study was to prospectively assess whether preoperative 
symptoms of distress, depression, anxiety and somatisation were associated 
with the change in function after shoulder surgery and postoperative patient 
perceived improvement of pain and function. The secondary aim was to 
analyze if psychological symptoms change after shoulder surgery. Finally, we 
studied the influence of postoperative symptoms of psychological disorders 
after surgery on the change in function after shoulder surgery and perceived 
improvement of pain and function. Our hypothesis at the start of this study 
was that clinical outcome would be less favourable in patients with 
preoperative psychological symptoms.  
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Methods 
 
We used a prospective longitudinal cohort study design for this study.  
 
Participants 
We included all consecutive patients who were scheduled for elective 
shoulder surgery in a two-and-a-half-year period (January 2011 till June 2013). 
We followed included patients for 12 months. Surgeries were performed in a 
general teaching hospital by a single surgeon and his supervised trainees.  
We considered patients to be eligible for the study if they were scheduled for 
elective shoulder surgery and were at least sixteen years of age. Patients were 
excluded if they were undergoing a diagnostic shoulder arthro-scopy or a 
shoulder arthrodesis, were treated because of a fracture/ non-union/ mal-
union, were unable to complete questionnaires because of language or 
cognitive disorders or have had a re-operation or sustained a shoulder 
fracture within the first year of surgery. If patients had more than one 
operation on one or both shoulders in the study period, only the last 
operation was included in this study. 

 
Ethical Approval 
The study was carried out in compliance with the principles laid down in the 
Helsinki Declaration. Participants were informed about the study using a 
patient information letter and patients had the opportunity to ask questions 
about the study. Then, informed consent was received orally and formally 
recorded. When the study was initiated, and approval of the Medical Ethical 
Committee was obtained, there was no legal requirement for a prospective 
observational study that used only questionnaires, and no form of inter-
vention for patients, to obtain written informed consent. No children under 
the age of sixteen were included in the study. Verbal informed consent was 
obtained from the next of kin, caretakers, or guardians on behalf of the 
minors enrolled in the study. Approval of this study was obtained from the 
Regional Medical Ethical Committee Isala Hospital, Zwolle, the Netherlands. 
Number 14.11151. 
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Outcome measures and primary determinant 
The primary outcome was the change in functional outcome after shoulder 
surgery measured with the Disabilities of the Arm, Shoulder and Hand (DASH) 
score (change of DASH score at baseline and 12-months follow-up). The DASH 
questionnaire is a 30-item, self-report questionnaire designed to measure 
physical function and symptoms in people with any musculoskeletal disorder 
of the upper limb.20 The DASH has been shown to be reliable, valid and 
responsive in patients with shoulder disability,21 and has been validated in 
Dutch for patients with a disorder of the upper limb.22 The secondary outcome 
measure was patient perceived improvement of pain and function after 
shoulder surgery measured 12 months after shoulder surgery with two anchor 
questions. With an anchor question patients are asked, with a global rating 
scale, to indicate how much their function (functional anchor) or pain (pain 
anchor) has changed after surgery.23,24 The response options of the anchor 
questions are: completely recovered (7), much improved (6), slightly improved 
(5), unchanged (4), slightly worse (3), much worse (2) and worse than ever (1).  
The primary determinant was the Four-Dimensional Symptom Questionnaire 
(4DSQ), a psychological questionnaire validated for orthopaedic shoulder 
patients.4 The 4DSQ is a 50-item self-report inventory that is able to identify 
four common psychological symptoms: distress, depression, anxiety and 
somatization.25 The distress scale measures people’s most general and most 
basic response to stress of any kind, from work or family demands to psycho-
social difficulties or life events. The depression and anxiety scales identify 
specific symptoms of depressive and anxiety disorders, severe enough to 
warrant treatment. The somatisation scale measures symptoms that are 
associated with somatic stress. Psychological disorders in this study were 
defined to be present if patients scored medium or high risk on one of the 
domains of the 4DSQ.25,26 The 4DSQ is able to detect depressive and anxiety 
disorders as well as the Hospital Anxiety Depression Scales (HADS)26 and an 
English version of the 4DSQ has been validated.27 
 
Data collection  
Prior to elective shoulder surgery, orthopaedic patients were seen at an 
outpatient clinic by an independent physiotherapist two to three weeks 
before surgery. The following preoperative demographic and clinical variables 
were collected: age, gender, dominant shoulder, duration of shoulder 
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complaints, and whether the patient has a history of surgery on the same 
shoulder. The DASH score, VAS pain in rest and during activity and 4DSQ test 
were obtained.  
After surgery the following data were recorded: type of operation and 
whether the right or left shoulder was operated on. After one year data were 
obtained using a web-based system. The patients completed an online 
questionnaire at home containing the DASH score, VAS pain at rest and during 
activity, 4DSQ score (for patients who underwent surgery in 2012 and 2013) 
and the two anchor questions about change in pain and function. The 4DSQ 
score was not obtained 12 months after surgery in patients who underwent 
surgery in 2011. We started this study in 2011 and at the end of 2011 we 
changed our study protocol and started to collect psychological symptoms 
with the 4DSQ also 12 months after surgery. If the patient didn’t respond to 
our request to complete the postoperative questionnaire, a telephone inter-
view by an independent research nurse was conducted that included the two 
anchor questions about pain and function. All data were collected 
independently from the clinical team by the research unit of our Orthopedic 
Department, using standardized case report forms and a study-specific 
database. The 4DSQ scores were unknown to the clinical physicians to 
minimize bias.  
 
Statistical analysis 
Descriptive analyses, including frequency counts and percentages, were 
calculated for all data gathered. Data are presented as percentage or mean 
(SD). Differences between baseline and follow-up were tested using Wilcoxon 
tests for continuous variables and chi-square tests for categorical variables. 
No statistical imputation process was undertaken for missing information (i.e. 
we used complete case analysis).  
The change in DASH score (continuous) was used as the dependent variable. 
For all four domains of the 4DSQ (distress, depression, anxiety and 
somatisation) we performed multivariable logistic regression analyses with 
the preoperative and the postoperative psychological domain (dichotomous 
yes/no) as the primary determinant and the change of DASH score as the 
dependent variable. To investigate whether there is an independent relation-
ship between psychological disorders and functional outcome, the following 
clinically relevant potential confounders were added to the regression models: 
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age, gender, dominant shoulder, duration of symptoms, history of previous 
shoulder surgery and preoperative DASH score. These confounders were 
added to the regression model one by one and the effect of the variable on 
the relation between psychological domain and change of DASH score was 
studied. If the regression coefficient of this relation was altered 10% or more 
after adding the variable, the variable was included into the final model as 
confounding factor. In addition, models with preoperative psychological 
disorders as the primary determinant were adjusted for postoperative 
psychological disorders and the other way around. Risk of multicollineairity 
was checked using variance inflation factor statistics. A variance inflation 
factor of over 5 was considered a risk for multicollinearity. Effect modification 
of gender was checked by including an interaction term into the model. SPSS 
statistical software (version 22.0; IBM, Armonk, NY, USA) was used for data 
management and statistical analyses. 
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Results 
 
Description of the study population 
Figure 1 shows a flow diagram with study enrolment and follow-up. 315 
patients were included in this study. Of the 315 patients, 285 patients 
completed the postoperative questionnaire and 30 patients were interviewed 
by phone, including the anchor questions.  The answers to the anchor 
questions about improvement of pain and function were not significantly 
different between these two groups. The postoperative questionnaire of 
patients who had surgery in 2011 did not include the 4DSQ score. In 2012 and 
2013 the postoperative 4DSQ score was scored 12 months after surgery and 
(completed by 176 patients). Baseline characteristics and outcome measures 
were not statistically significantly different between the group with post-
operative 4DSQ scores and the group with no postoperative 4DSQ scores  
12 months after surgery. Demographic and clinical data at baseline and  
12 months after surgery are presented in Table 1. A significant improvement 
in DASH score and VAS pain (during activity) was observed after surgery. 
Before shoulder surgery, distress was identified in 20% of the patients, 
depression in 7%, anxiety in 13% and somatisation in 15%. Symptoms of 
psychological disorders were encountered in all the various shoulder 
diagnoses (Table 2). In 56% of patients with symptoms of preoperative 
psychological disorders, symptoms of psychological disorders persisted 12 
months after surgery (distress in 57%, depression in 75%, anxiety in 41%, 
somatisation in 65%).  
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Figure 1. Flow diagram with study enrolment and follow-up. 
 
All consecutive elective planned shoulder operations in study period  (n = 
513). 
 Reasons for ineligibly (n = 149): 

refused to participate n = 77 
diagnostic arthroscopy n = 41 

 fracture, non-union, mal-union n = 23 
 shoulder arthrodesis n = 2 
 unable to complete questionnaires n = 6 
 
Eligible patients (n = 364) 

 Excluded (n = 49):  
no preoperative 4DSQ n = 16 
re-operated or fracture within first year after   
surgery 

n = 26 

 lost to follow-up n = 7  
 
Study population (n = 315; 100%) 
 

 
 
Complete follow-up with postoperative  
questionnaire (n = 285; 91 %) 

 
  

 
 
 
 

 
Patients operated in 2011: 
complete follow-up with 

postoperative questionnaire 
(postoperative 4DSQ not 

included) 
 

(n = 109; 35 %) 

 
Patients operated in 2012 and 2013: 

complete follow-up with 
postoperative questionnaire 

(postoperative 4DSQ included) 
 
 

(n = 176; 56 %) 

 
Follow-up with only       

anchor questions 
 
 
 
 

(n = 30; 9 %) 
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Table 1. Demographic and clinical data of the study population (n = 315).  
 Baseline Follow-up 12 

months 
P value 

Mean age and std. dev. (yr) 52 (16)   
Male gender (no. [%]) 167 (53)   
Dominant shoulder (no. [%]) 198 (63)   
Duration of symptoms (months; SD) 32 (40)   
History of surgery (no. [%]) 32 (10)   
Distress            symptoms (mean (SD)) 
                          medium/high risk (no. [%]) 

5.9 (5.8) 
20 (20%) 

5.2 (7.0)* 
18%* 

0,06 
 

Depression      symptoms (mean (SD)) 
                          medium/high risk (no. [%]) 

0.5 (1.6) 
24 (7%) 

0.89 (2.1)* 
15%* 

0,01 
 

Anxiety            symptoms ((mean (SD)) 
                          medium/high risk (no. [%]) 

1.1 (2.0) 
43 (13%) 

1.2 (2.9)* 
13%* 

0,44 
 

Somatisation  symptoms ((mean (SD)) 
                          medium/high risk (no. [%]) 

6.4 (5.0) 
46 (15%) 

6.4 (6.2)* 
18%* 

0,82 
 

Mean (SD) VAS pain in rest 
Mean (SD) VAS pain during activity 

1.7 (2.2) 
7.9 (5.1) 

1.6 (2.2) 
2.5 (2.6) 

0,08 
<0.001 

Mean DASH score and std. dev. 40.5 (20.9) 16.8 (17.0) <0.001 
Anchor question pain           mean and std. dev. 
                                                  

 6.1 (0.9) 
92 % 

 

Anchor question function    mean and std. dev. 
                                                   

 6.0 (1.1) 
91 % 

 

*n = 176 

 
 
Table 2. Shoulder diagnosis and preoperative symptoms of psychological disorders. 
Diagnosis Distress Depression Anxiety Somatisation 
 
Subacromial pain syndrome    (no. [%]) 
(n=39) 
 

 
8 (21%) 

 
4 (10%) 

 
6 (15%) 

 

 
9 (23%) 

Rotator cuff rupture                 (no. [%]) (n=88) 
 

18 (20%) 7 (8%) 6 (7%) 
 

10 (11%) 

Instability                                   (no. [%]) (n=67) 
 

8 (12%) 2 (3%) 6 (9%) 
 

7 (10%) 

Acromioclavicular                     (no. [%])(n=34) 
osteoarthritis                              
 

7 (21%) 2 (6%) 5 (15%) 
 

6 (18%) 

Glenohumeral osteoarthritis    (no. [%]) (n=43) 
 

10 (23%) 4 (9%) 11 (26%) 7 (16%) 

Other shoulder surgery            (no. [%]) (n=44) 
 

15 (34%) 5 (11%) 9 (20%) 7 (16%) 

Total                                           (no. [%]) (n=315) 66 (20%) 24 (7%) 43 (13%) 46 (15%) 
 

P value 0.19 0.56 0.10 0.72 
P value presents the comparison of the prevalence of each symptom of psychological disorder separately 
across the different types of diagnosis. 
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Primary outcome measure: change of DASH score 
A significant improvement in DASH score one year after surgery was observed 
in patients with and without symptoms of psychological disorders before 
surgery (Table 3). Preoperative symptoms of psychological disorders had a 
negative impact on the self-assessed DASH scores, resulting in higher DASH 
scores before surgery. Multi-variable logistic regression analyses were 
performed with preoperative symptoms of psychological disorders as the 
independent variable and change of DASH score as the dependent variable 
(Table 4). Distress, depression, anxiety and somatisation before surgery, after 
adjustment for age, gender and DASH score preoperatively, predicted less of 
an improvement in DASH score. When additionally adjusted for postoperative 
symptoms of psychological disorders, the regression coefficients dropped 
considerably and all significant associations disappeared (Table 4).  
 
Table 3. DASH scores in patients with and without preoperative symptoms of 
psychological disorders. 
Preoperative symptoms of 
psychological disorders 

 DASH preop DASH postop DASH change 
score 

distress                 n = 66 (20%) 51.6 26.2 26.5 

no distress            n = 249 80%) 37.7 14.5 23.0 

depression            n = 24 (7%) 50,9 31.2 16.7 

no depression      n = 291 93%) 39.7 15.7 24.2 

anxiety                  n = 43 (13%) 51.0 28.5 21.9 

no anxiety            n = 272 87%) 38.9 15.1 23.9 

somatisation         n = 46 (15%) 52.1 30.2 21.8 

no somatisation   n = 269 85%) 38.6 14.6 24.0 

 
 
Secondary outcome measures: anchor question pain and function 
Multivariable regression analyses (Table 4), with adjustment for age, gender, 
history of shoulder surgery and DASH score preoperatively, showed that all 
preoperative symptoms of psychological disorders were negatively associated 
with improvement of pain and function after shoulder surgery. Inclusion of 
postoperative symptoms of psychological disorders as possible confounders 
explained the significant association between preoperative symptoms of 
psychological disorders and the improvement in pain and function. When 
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additionally adjusted for postoperative symptoms of psychological disorders, 
all significant associations disappeared. 
 
Table 4. Association of preoperative symptoms of psychological disorders with clinical 
outcome. 
 Change of DASH score Anchor question pain Anchor question function 
Preoperative Distress 
Model 1 
  Coefficient 
  95 % CI 
  P value 

 
 

-8.06 
-12.96 - -3.16 

0.001 

 
 

-0.39 
-0.67 - -0.10 

0.008 

 
 

-0.36 
-0.67 - -0.04 

0.03 
Preoperative Distress 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

0.30 
-6.09 – 6.7 

0.93 

 
 

0.31 
-0.12-0.74 

0.16 

 
 

0.19 
-0.31-0.69 

0.45 
Preoperative 
Depression 
Model 1 
  Coefficient 
  95% CI 
  P value 

 
 

-15.15 
-22.54 - -7.76 

< 0.001 
 

 
 

-0.74 
-1.17 - -0.31 

0.001 

 
 

-0.62 
-1.09 - -0.14 

0.011 

Preoperative 
Depression 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

-4.68 
-14.72 - -5.36 

0.36 
 

 
 

0.09 
-0.56-0.74 

0.78 
 

 
 

0.07 
-0.68-0.82 

0.85 
 

Preoperative Anxiety 
Model 1 
  Coefficient 
  95% CI 
  P value 

 
 

-9.51 
-15.21 - -3.81 

0.001 

 
 

-0.55 
-0.88 - -0.23 

0.001 

 
 

-0.56 
-0.92 - -0.19 

0.003 
Preoperative Anxiety 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

-6.25 
-13.84 - 1.30 

0.10 

 
 

-0.27 
-0.75-0.21 

0.27 

 
 

-0.33 
-0.89-0.23 

0.24 
Preoperative 
Somatisation 
Model 1 
  Coefficient 
  95% CI 
  P value 

 
 

-11.84 
-17.29 - -6.40 

< 0.001 

 
 

-0.59 
-0.90 - -0.26 

0.001 
 

 
 

-0.57 
-0.93 - -0.21 

0.002 

Preoperative 
Somatisation 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

-3.00 
-10.53 – 4.52 

0.43 

 
 

-0.12 
-0.62-0.37 

0.63 
 

 
 

-0.12 
-0.68-0.45 

0.69 
 

Model 1: adjusted for age, gender and preoperative DASH score in the models with DASH change score as 
outcome. In the models with the anchor questions, the models were additionally adjusted for previous 
surgery.  
Model 2: Model 1 + also adjusted for postoperative symptoms of psychological disorders 
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Influence of postoperative symptoms of psychological disorders on clinical 
outcome after shoulder surgery 
Data for 176 patients with pre- and postoperative 4DSQ scores were analysed. 
Postoperative symptoms of psychological disorders were highly significant 
predictors of worse clinical outcome (Table 5). The change of DASH score was 
significantly decreased when postoperative symptoms of psychological 
disorders were present and perceived improvement of pain and function after 
shoulder surgery was less favourable, compared to patients with no post-
operative symptoms of psychological disorders. With the adjustment of 
preoperative symptoms of psychological disorders as possible confounders in 
the model, postoperative symptoms of psychological disorders remained an 
independent predictor of worse clinical outcome after shoulder surgery. These 
negative associations were observed for all symptoms of psychological 
disorders in relation to the change of DASH score. Postoperative distress and 
depression were associated with worse perceived improvement of pain and 
postoperative distress, depression and somatisation were associated with 
worse perceived improvement of function. Figure 2 illustrates the influence of 
preoperative and postoperative symptoms of psychological disorders on the 
DASH scores before and after surgery. 
 
 
Table 5. Association of postoperative symptoms of psychological disorders with 
clinical outcome. 
 Change of DASH score Anchor question pain Anchor question function 
Postoperative Distress 
Model 1 
  Coefficient 
  95 % CI 
  P value 

 
 

-20.49 
-26.41 - -14.57 

<0.001 

 
 

-0.81 
-1.20- -0.41 

<0.001 

 
 

-0.89 
-1.35- -0.43 

<0.001 
Postoperative Distress 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

-20.63 
-27.25 - -14.00 

<0.001 

 
 

-0.95 
-1.39- -0.51 

<0.001 

 
 

-0.98 
-1.49- -0.47 

<0.001 
Postoperative 
Depression 
Model 1 
  Coefficient 
  95% CI 
  P value 
 

 
 

-18.07 
-24.61 - -11.53 

<0.001 

 
 

-0.76 
-1.19- -0.34 

0.001 

 
 

-0.91 
-1.40- -0.42 

<0.001 
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Postoperative 
Depression 
Model 2 
  Coefficient 
  95% CI 
  P value 

-16.59 
-23.86 - -9.32 

<0.001 
 

-0.79 
-1.26- -0.32 

0.001 
 

-0.93 
-1.47- -0.38 

0.001 
 

Postoperative Anxiety 
Model 1 
  Coefficient 
  95% CI 
  P value 

 
 

-13.48 
-20.70 - -6.26 

<0.001 

 
 

-0.54 
-1.00- -0.08 

0.02 

 
 

-0.58 
-1.1- -0.04 

0.04 
Postoperative Anxiety 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

-11.62 
-19.15 - -4.10 

0.003 

 
 

-0.46 
-0.94-0.19 

0.06 

 
 

-0.47 
-1.03- -0.08 

0.10 
Postoperative 
Somatisation 
Model 1 
  Coefficient 
  95% CI 
  P value 

 
 

-15.68 
-21.67 - -9.69 

<0.001 

 
 

-0.42 
-0.82- -0.03 

0.04 

 
 

-0.67 
-1.12- -0.22 

0.004 
 

Postoperative 
Somatisation 
Model 2 
  Coefficient 
  95% CI 
  P value 

 
 

-14.37 
-21.23 - -7.51 

<0.001 

 
 

-0.37 
-0.82-0.83 

0.11 

 
 

-0.62 
-1.13- -0.10 

0.02 

Model 1: adjusted for age, gender and preoperative DASH score in the models with DASH change score as 
outcome. In the models with the anchor questions, the models were additionally adjusted for previous 
surgery.  
Model 2: Model 1 + also adjusted for preoperative psychological disorders 
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Figure 2. Influence of symptoms of psychological disorders on the DASH scores before 
and after surgery. 
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Discussion 
 
The findings of this study suggest that preoperative symptoms of distress, 
depression, anxiety and somatisation were not associated with a worse 
clinical outcome after shoulder surgery. Symptoms of psychological disorders 
before shoulder surgery persisted in the majority of patients. Postoperative 
symptoms of postoperative psychological disorders, however, were a strong 
predictor of worse clinical outcome.  
In the study period most patients reported pain relief and better function 
after shoulder surgery but psychological symptoms did not change after 
shoulder surgery in most patients. Operative treatment of shoulder pathology 
seems not to be associated with improvement of psychological symptoms. 
Prevention of psychological symptoms was not the aim of this study. Future 
studies could focus on the prevention of psychological symptoms after 
shoulder surgery, for example by cognitive treatment, and observe the effect 
on clinical outcome. Two recent studies, with small study populations, 
evaluated preoperative psychological distress and functional outcome after 
rotator cuff surgery.18,19 Their results are in line with the results found in this 
study that preoperative symptoms of psychological disorders were not 
negatively associated with functional outcome after shoulder surgery. This is 
the first paper, to our knowledge, that observed that postoperative symptoms 
of psychological disorders were a strong predictor of worse clinical outcome. 
The prevalence of symptoms of psychological distress was lower at follow-up 
in these two studies, in contrast to our study population. We observed a 
disappearance of symptoms of psychological disorders in only 42% of the 
patients 12 months after surgery, but 10% of patients with no symptoms of 
psychological disorders before surgery developed new psychological 
symptoms. In the study by Potter et al. preoperative psychological distress 
disappeared in 54% of patients after surgery, 5% of patients with no 
preoperative psychological distress became distressed after shoulder 
surgery.18 Recently, biopsychosocial models have been proposed, suggesting 
that a complete understanding of pain-related outcomes will require 
consideration of psychological and social factors, as well as physical and 
genetic factors.14 George et al. investigated whether genetic and psychological 
factors could predict 12-months post-operative pain and disability after 
shoulder surgery.15 Strong statistical evidence was observed between post-
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operative outcome and the combination of genes involved with inflammation 
(IL6) with pain catastrophizing and genes involved with inflammation (IL6) 
with depressive symptoms.30 They recommended that the interaction 
between genetic and psychological factors should be further explored in 
future studies to better understand the presence of persistent post-operative 
pain after shoulder surgery and investigate the effectiveness of individual 
treatment. 
We observed that preoperative DASH scores of patients with preoperative 
symptoms of psychological disorders were significantly higher than in patients 
with no symptoms of psychological disorders. It seems that the perception of 
functional disability, activity level, and pain is negatively influenced by 
symptoms of psychological disorders, which leads to higher DASH scores. This 
phenomenon has been observed in other studies and also found in other 
PROMs, such as the Simple Shoulder Test.6,8,11 In this study we used anchor 
questions as specific questions about pain and functional improvement after 
surgery. Patients are asked in a single question to indicate how much their 
function or pain has changed since baseline. The anchor questions may be 
affected by recall bias.28 Tashjian classified these anchor questions as 
retrospective assessment of improvement of outcome.29 He compared 
prospective and retrospective assessment of functional outcome after rotator 
cuff repair. Retrospective assessment had fair correlations with prospective 
determined improvement, for example, with the DASH score. Patient 
satisfaction was more highly correlated with retrospective evaluations than 
with the prospective improvement in functional outcome measures.  
 
 
Strengths and limitations 
 
The major strength of our study is the pragmatic prospective longitudinal 
design. This study was conducted in an everyday clinical setting with a large 
sample size. We used a validated orthopaedic clinical outcome questionnaire 
and a psychological questionnaire validated for orthopaedic shoulder patients.  
Some limitations have to be mentioned. The DASH score can be influenced by 
any disorder of the upper extremity; not just the shoulder disorder of interest 
in this study. Subjective factors such as pain or depression have been reported 
to have a greater influence when disability is measured with respect to the 
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entire arm.30 There may be other factors, like comorbidities, workers’ 
compensation status, work status, education level, marital status and smoking 
that may affect DASH scores. We did not include these factors in our study 
protocol. Postoperative 4DSQ scores were not included in the online post-
operative questionnaire in 2011 (139 patients). After changing the study 
protocol at the end of 2011 we started to collect postoperative psychological 
symptoms in all patients who underwent surgery in 2012 and 2013 by 
including the 4DSQ in the online postoperative questionnaire (176 patients). 
Psychological disorders in this study were defined to be present if the patients 
scored medium or high risk on one of the domains of the 4DSQ. The 4DSQ 
questionnaire is a tool to identify psycho-logical symptoms. However, having 
significant psychological symptoms is not the same as having a psychological 
illness. Psychological illnesses have to be diagnosed by a psychologist or 
psychiatrist using DSM-V criteria. We didn’t account for the use of anti-
depressants and whether patients were being treated by a psychologist or 
psychiatrist. Psychological symptoms may be associated with medical 
comorbidities. We did not include medical comorbidities in our study 
protocol. We included a heterogeneous study population with shoulder 
complaints that had different diagnoses, surgery procedures, pain levels, 
functional disability and duration of symptoms. The aim of this study was to 
analyze the association between psychological disorders and clinical outcome 
in all patients with shoulder pain and disability that were treated with 
shoulder surgery. Psychological disorders were observed in all various 
shoulder diagnoses before surgery. Future studies should investigate if the 
results of this study are confirmed in all various shoulder surgical procedures. 
Complications of the surgical procedures were not registered during the study 
period. We did not calculate the number of patients needed before the start 
of our study. At the start of the study no data from adequate studies were 
available on which to base our calculations. 
 
Conclusion and clinical relevance 
Preoperative symptoms of distress, depression, anxiety and somatisation 
were not associated with a worse clinical outcome 12 months after shoulder 
surgery. Symptoms of psychological disorders before shoulder surgery 
persisted in the majority of patients. Postoperative symptoms of psychological 
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disorders 12 months after shoulder surgery, however, were a strong predictor 
of worse clinical outcome.  
As a consequence of the findings in this study, we suggest that patients with 
symptoms of psychological disorders before surgery should not be excluded 
from shoulder surgery. Most patients with psychological symptoms before 
surgery benefit from shoulder surgery, especially when psychological 
symptoms disappear after surgery. Postoperative symptoms of psychological 
disorders were strong predictors of a worse clinical outcome. In order to 
interpret clinical outcome after shoulder surgery, the influence of 
psychological symptoms on the clinical outcome should be taken into account.   
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Chapter 4 
 
Do psychological symptoms change after shoulder surgery? A prospective 
longitudinal cohort study. 
 
 
Koorevaar CT, Riet van ‘t E, Landman EBM, Gerritsen M, Madden K, Bulstra SK 
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Abstract 
 
Background and purpose 
The relationship between psychological symptoms and shoulder pain and 
disability is not clearly defined. The primary aim of this study was to describe 
the change in psychological symptoms, as measured before and after shoulder 
surgery. The secondary aim was to determine the association between change 
in shoulder pain and function before and after surgery and change in 
psychological symptoms pre- and post-surgery.  
 
Methods 
In this prospective longitudinal cohort study, 176 patients were included. The 
primary outcome measure was change of symptoms of distress, depression, 
anxiety and somatization between baseline and 12 months’ follow up 
measured with the Four-Dimensional Symptom Questionnaire (4DSQ). The 
primary determinant was the Disabilities of the Arm, Shoulder and Hand 
(DASH). Linear regression analysis was performed, corrected for age, gender, 
duration of the symptoms, previous shoulder surgery and preoperative DASH 
score.  
 
Results 
Preoperative symptoms of psychological disorders disappeared in 40% of the 
patients after shoulder surgery. Change in DASH score was significantly 

-0.150) 
- 0.045) for depression (p = 0.002),  

- 0.053) for anxiety - 0.139) for 

-2.255 (-4.400 - -0.109), p = 0.040) 
-0.851 (-1.595 - -0.107), p = 0.025).  

 
Conclusion 
Preoperative psychological symptoms improved in 40% of patients after 
shoulder surgery. Improvement of shoulder pain and function after shoulder 
surgery was associated with improvement of psychological symptoms of 
distress, depression, anxiety and somatization, but this association was small. 
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Introduction 
 
Psychological symptoms are frequently encountered in patients scheduled for 
shoulder surgery (Cho 2013, Cho 2015, Dekker 2016, Koorevaar 2016, Roh 
2012). The relationship between psychological symptoms and shoulder pain 
and disability is not clearly defined. Psychological symptoms have been 
suggested to be associated with chronic musculoskeletal pain. Depressive 
symptoms were frequently observed in patients with chronic pain and 
depressed patients often reported pain and disability (Magni et al. 1994, 
Rajala et al. 1995).  Depression in patients with chronic shoulder pain is 
suggested to be a consequence of the chronic pain or disability, but in 
contrast, chronic shoulder pain and disability might also reflect an underlying 
depressive disturbance (Roh 2012 Arch).  
If chronic shoulder pain and disability reflect an underlying psychological 
disturbance and the psychological symptoms are not treated, then clinical 
outcome after shoulder surgery should be worse in patients with psycho-
logical symptoms. On the other hand, if psychological symptoms are a 
consequence of chronic shoulder pain and disability, than these psychological 
symptoms are expected to disappear after successful shoulder surgery. Three 
recent studies observed the change of psychological symptoms after shoulder 
surgery (Potter, Cho, Dekker), in two studies after rotator cuff repair and one 
after subacromial decompression. They all observed an improvement of 
symptoms of depression and anxiety after surgery (Potter, Cho, Dekker). 
These studies did not analyze whether the change of psychological symptoms 
after shoulder surgery was associated with an improvement in shoulder pain 
and function. Koorevaar et al observed in a large study population that 
preoperative psychological symptoms were not associated with clinical 
outcome after shoulder surgery. Postoperative psychological symptoms 
however were significantly associated with worse clinical outcome. The 
relationship between psychological symptoms and chronic shoulder pain and 
disability could be clinically relevant. If psychological symptoms disappear 
after successful shoulder surgery, than orthopedic treatment of the shoulder 
complaints will result in improvement of pain, disability and psychological 
symptoms. If psychological symptoms are not related to the shoulder pain, 
psychological symptoms will persist after shoulder surgery, and may have an 
impact on the perceived pain and disability and negatively affect the clinical 
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result after shoulder surgery (Ring, Cho 2013, Cho 2015, Potter 2014. 
Koorevaar 2016).    
The primary aim of this study was to describe the change in psycho-logical 
symptoms, as measured before and after shoulder surgery. The secondary aim 
was to determine the association between change in shoulder pain and 
disability after surgery and change in psychological symptoms pre- and post-
surgery.    
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Methods 
 
Design and study population 
This study was a prospective longitudinal cohort study. We included all 
consecutive patients that were planned for elective shoulder surgery in a one 
and a half year period (January 2012 until May 2013). Procedures were carried 
out in a general teaching hospital by a single surgeon and his supervised 
trainees. Approval of this study was obtained from the regional Medical 
Ethical Committee. We considered patients to be eligible for the study if they 
were scheduled for elective shoulder surgery and were at least sixteen years 
of age. Patients were excluded if they were undergoing a diagnostic shoulder 
arthroscopy or a shoulder arthrodesis, were treated because of a fracture or 
fracture sequelae, were unable to complete questionnaires because of 
language or cognitive disorders or had a re-operation or sustained shoulder 
fracture after surgery within the study period. If patients had more than one 
operation on one or both shoulders in the study period, only the last 
operation was included in this study. 
 
Outcome measure and primary determinant 
The primary outcome measure was change of psychological symptoms 
between baseline and 12 months’ follow up measured with the Four-
Dimensional Symptom Questionnaire (4DSQ), a psychological questionnaire 
validated in orthopedic shoulder patients (Koorevaar et al. 2015). The 4DSQ is 
a 50-item self-report inventory that identifies four psychological disorders: 
distress, depression, anxiety and somatization (Terluin et al. 2006). The 
distress scale measures people’s most general, most basic response to stress 
of any kind, be it work or family demands, psychosocial difficulties or life 
events. The depression and anxiety scales measure specific symptoms of 
depressive and anxiety disorders, severe enough to warrant specific treat-
ment. The somatisation scale measures symptoms associated with somatic 
stress. Psychological disorders in this study were defined to be present if the 
patient scored medium or high risk on (one of the items of) the 4DSQ (Terluin 
2006 and 2009). The 4DSQ was equally able to detect depressive and anxiety 
disorders as the Hospital Anxiety and Depression Scale (HADS) (Terluin et al. 
2009) and an English version of the 4DSQ has been validated (Terluin et al. 
2014). The primary determinant was the Disabilities of the Arm, Shoulder and 
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Hand (DASH), a 30-item self-report questionnaire designed to measure 
physical function and symptoms in people with any of several musculoskeletal 
disorders of the upper limb (Hudak et al. 1996). The DASH questionnaire has 
been shown to be reliable, valid and responsive in patients with shoulder 
disability (Desai et al. 2010) and has been validated in Dutch for patients with 
a disorder of the upper limb (Veehof et al. 2002). 
  
Data collection  
Prior to elective shoulder surgery, orthopedic patients were seen at an out-
patient clinic by an independent physiotherapist from our shoulder unit two 
to three weeks before surgery. Demographic and clinical variables, including 
the DASH, 4DSQ and VAS pain scores were obtained.  The team that treated 
the patient (orthopedic surgeons/physiotherapists) was blinded to the results 
of the psychological questionnaire to minimize bias. After one year, data was 
obtained using a web-based system. The patients completed an online 
questionnaire at home containing the DASH, 4DSQ and VAS pain scores. All 
data was collected independently from the clinical team by the research unit 
of our Orthopedic Department, using standardized case report forms and a 
study-specific database. 
 
Statistical analysis 
Baseline data are presented as percentage, mean (SD), or median (range) in 
case of skewed distribution. Differences between preoperative and post-
operative 4DSQ, VAS and DASH scores were tested using the Wilcoxon signed 
rank test. Our primary analysis was descriptive.  We present frequencies and 
percentages of patients whose psychological status changed and did not 
change for each psychological disorder and overall.  
To determine whether any change in DASH score is associated with a change 
in psychological symptoms, linear regression analysis was performed with 
change in psychological symptoms in each of the four domains (as measured 
by the change in 4DSQ score on each domain)  as dependent variables and 
change in continuous DASH score as the primary determinant. Preassumptions 
for linear regression, like normal distribution of the residuals, were checked. 
We corrected for age, gender, duration of the symptoms, whether or not 
patients underwent previous surgery, and preoperative DASH score. Risk for 
multicollinearity was checked using variance inflation factor statistics. A 
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variance inflation factor of over 5 was considered a risk for multi-collinearity. 
To determine whether there was an association between having a good 
clinical outcome (or not) and change in psychological symptoms, we 
categorized the change in DASH score based on the minimal clinically 
important difference (MCID). An improvement >10 points was considered 
“improved” and change in DASH score of <10 was considered “not improved” 
(Beaton 2011, Gummesson 2003, van Kampen 2013, Schmitt 2004). Again, 
linear regression analyses were performed with change in 4DSQ scores in each 
of the four domains as dependent variables. SPSS statistical software (version 
22.0; IBM, Armonk, NY, USA) was used for data management and statistical 
analysis.  
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Results 
 
Figure 1 presents a flow diagram with study enrolment and follow up. During 
the study period 225 patients were included. Twenty six patients were 
unwilling to fill in the postoperative questionnaire (non-responders) and six 
patients were lost to follow up, one of whom died in the study period. The 
death was unrelated to the shoulder operation. Preoperative data were 
missing for three patients and 14 patients had a re-operation or fracture and 
these patients were excluded. Differences in baseline characteristics between 
responders and non-responders were analyzed. The only statistically 
significant differences between the two groups were age and gender: the 
nonresponders were younger and more frequently female (age: 43 years 
versus 57 years, p=0.005; gender: 75% female versus 64 % female, p=0.034). 
The total study population consisted of 176 patients, of which 37% (n=65) had 
symptoms of psychological disorders before (n=18), after (n=16), or both 
before and after (n=31) surgery. 
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Figure 1. Flow diagram with study enrolment and follow up. 
 
All consecutive elective planned shoulder operations in study period (n=305) 
 

Reasons for ineligibility (n=79): 
refused to participate    

  n=42 
diagnostic arthroscopy   

  n=31 
shoulder arthrodesis   

  n=2 
unable to complete questionnaires  

  n=4 
 
 
Included patients (n=225; 100%) 
 
 
   Excluded (n=49): 

missing preoperative data   
 n=3 

re-operated or fracture within study period 
 n=14 

unwilling to fill in postop. questionnaire 
 n=26 

lost to follow-up     
 n=6 (one patient died) 

 
 
 
 
 
Study population (n=176; 78%) 
 
Demographic and clinical data of the study population are presented in Table 
1. Pain (VAS pain score (during activity),  <0.001) and function (DASH score, 
p<0.001) considerably improved in most patients after shoulder surgery (Table 

was observed in 72% of patients.  
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Table 1. Demographic and clinical data of the study population. n=176 
 Baseline Follow-up 

12 months 
P value 

 
Mean age (years (SD)) 53.2 (15.4)   
Male gender (n (%)) 92 (52.3)   
Duration of symptoms, months (median (range)) 21.0 (0-468)   
History of surgery (n (%)) 21 (11.9)   
Diagnoses (n (%): 
     subacromial pain syndrome 
     rotator cuff rupture                
     glenohumeral instability             
     acromioclavicular osteoarthritis 
     glenohumeral osteoarthritis 
     frozen shoulder 

 
17 (10%) 
68 (39%) 
39 (22%) 
20 (11%) 
29 (16%) 

3 (2%) 

  

Distress Score (median (range)) 
Medium/high risk (n (%)) 

4.1 (0-32) 
36 (20 %) 

2.0 (0-30) 
32 (18%) 

0.007 

Depression Score (median (range)) 
Medium/high risk (n (%)) 

0.0* (0-12) 
12 (7 %) 

0.0* (0-12) 
26 (15%) 

0.004 

Anxiety Score (median (range)) 
Medium/high risk (n (%)) 

0.0* (0-11) 
21 (12 %) 

0.0* (0-19) 
22 (13%) 

0.963 

Somatization Score (median (range)) 
Medium/high risk (n (%)) 

5.6 (0-24) 
32 (18 %) 

5.0 (0-29) 
32 (18%) 

0.314 

VAS pain in rest (median (range)) 
VAS pain during activity (median (range)) 

1.0 (0-20) 
8.0 (0-90) 

1.0 (0-9) 
2.0 (0-10) 

0.699 
<0.001 

DASH score (median (range)) 42.0 (2-93) 13.0 (0-93) <0.001 
* the median for depression and anxiety scores are zero due to the large number of patients who scored 
zero  

 
 
Primary outcome: change in psychological symptoms between baseline and 12 
months’ follow up after shoulder surgery. 
The changes of symptoms of psychological disorders after surgery are 
presented in Table 2. Overall, 28% of patients (49/176) had psychological 
symptoms before surgery. 27% of patients (47/176) had psychological 
symptoms after surgery. In one fifth of patients, psychological symptoms 
changed after surgery compared to before, 17% of patients (31/176) had 
persistent symptoms. Preoperative psychological symptoms disappeared in 
40% of the patients after shoulder surgery (distress 44%, depression 25%, 
anxiety 57%, somatization 35%). In patients without psychological symptoms 
before surgery, new psychological symptoms developed in 9% of the patients 
after surgery (distress 9%, depression 10%, anxiety 8%, somatization 10%).   
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Table 2. Change of symptoms of psychological disorders after shoulder surgery. 
Symptoms of psychological 
disorders 
before surgery 

 
 
 
n 

Symptoms of 
psychological 

disorders 12 months 
after surgery 

 

 
 
 

n (%) 

 
Distress 
 
 
No distress  
 

 
36 
 
 
140 

 
Distress 

No distress 
 

Distress 
No distress 

 

 
20 (56 %) 
16 (44 %) 

 
12 (9 %) 

128 (91 %) 

Depression 
 
 
No depression 
 
 

12 
 
 
164 
 

Depression 
No depression 

 
Depression 

No depression 

9 (75 %) 
3 (25 %) 

 
17 (10 %) 
147 90 %) 

Anxiety 
 
 
No anxiety 
 
 

21 
 
 
155 

Anxiety 
No anxiety 

 
Anxiety 

No anxiety 

9 (43 %) 
12 (57 %) 

 
13 (8 %) 

142 (92 %) 

Somatization 
 
 
No somatization 
 

26 
 
 
150 

Somatization 
No somatization 

 
Somatization 

No somatization 

17 (65 %) 
9  (35 %) 

 
15 (10 %) 

135 (90 %) 
 

 
  
Secondary outcomes: association between change in shoulder pain and 
disability with change of psychological symptoms after shoulder surgery. 
We found that change in DASH score was significantly associated with change 

(0.050-0.150) for 
distress (p< 10 - 0.045) for depression (p=
(0.003 - 0.053) for anxiety (p=  - 0.139) for 
somatization (p<0.001), improvement of the DASH score was associated with 
a decrease of psychological symptoms (Table 3). When including change in 

the analysis, 
-2.255 (-4.400 - -0.109), p = 0.040) and depression  
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( -0.851 (-1.595 - -0.107), p=0.025) significantly decreased in patients with a 
change in DASH score of more than 10 points.   
 
Table 3. Association between change in DASH score (both as continuous and as 
dichotomous variable) and change in 4DSQ score in each of the four domains*. 
Psychological 
Disorder 
 

coefficient 
(95% CI) 

p-
value 

 

Distress  
 
Change in 
DASH score 
(continuous) 
 
Change in 
DASH score 

 

 
 

0.100 
(0.050 - 
0.150) 

 
 

-2.255 
(-4.400 - -

0.109) 
 

 
 

<0.001 
 
 
 

0.040 

Depression 
 
Change in 
DASH score 
(continuous) 
 
Change in 
DASH score 

 

 
 

0.028 
(-0.010 - 
0.045) 

 
 

-0.851 
(-1.595 - 
0.107) 

 
 

0.002 
 
 
 

0.025 
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Anxiety 
 
Change in 
DASH score 
(continuous) 
 
Change in 
DASH score 

 

 
 

0.028 
(-0.003 - 
0.053) 

 
 

-0.410 
(-1.457 - 
0.637) 

 
 

0.031 
 
 
 

0.441 

Somatization 
 
Change in 
DASH score 
(continuous) 
 
Change in 
DASH score 

 

 
 

0.098 
(0.058 - 
0.139) 

 
 

-1.360 
(-3.135 - 
0.415) 

 
 

<0.001 
 
 
 

0.132 

*corrected for age, gender, duration of symptoms, whether or not patients underwent surgery previously, 
and preoperative DASH score. 
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Discussion 
 
In our study population symptoms of psychological disorders were frequently 
identified in patients before shoulder surgery; 28% of patients had any 
symptoms of psychological disorders before surgery. Preoperative symptoms 
of psychological disorders disappeared in 40% of the patients after shoulder 
surgery. Improvement of shoulder pain and function after shoulder surgery 
was associated with improvement of psychological symptoms in all psycho-
logical domains. Symptoms of distress and depression significantly decreased 
after shoulder surgery in patients with a change in DASH score of more than 
10 points. 
The prevalence of psychological symptoms before and after shoulder surgery 
was analyzed in three studies, two after rotator cuff surgery and one after 
arthroscopic subacromial decompression. All these studies reported a 
significant reduction of psychological symptoms after shoulder surgery 
(Potter, Cho, Dekker). In our study population we also found that preoperative 
psychological symptoms improved in 40% of patients after surgery, not only 
symptoms of depression and anxiety but also symptoms of distress and 
somatization. In some patients with no psychological symptoms before 
surgery, new symptoms developed after surgery, but the percentages were 
low (8-10%).  
This is the first study, to our knowledge, that analyzed whether a change in 
shoulder pain and improvement of function before and after surgery was 
associated with change in psychological symptoms before and after shoulder 
surgery. We observed that an improvement in the DASH score after shoulder 
surgery was associated with an improvement in the psycho-logical scores for 
all psychological domains after surgery. However, the association observed 

that if a patient improves by 1 point on the DASH score then their 4DSQ score 
will only go up by 0.100. For example, if a patient improves by 20 points on 
the DASH score after shoulder surgery, the 4DSQ distress score will improve 
only by 2 points (on a scale of 0 to 32). Other reports, who studied the 
improvement of psychological symptoms after shoulder surgery (Potter, Cho, 
Dekker), discussed the possibility of causality between improvement of 
shoulder symptoms and improvement of psychological symptoms. We only 
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found a small association between the improvement of shoulder symptoms 
and the improvement of psychological symptoms which indicate that change 
in psychological symptoms before and after surgery might be multifactorial 
and that the improvement of shoulder symptoms is only one of these factors.   
Terluin et al. studied the prevalence of psychological symptoms in the general 
population with the 4DSQ questionnaire. They observed that the prevalence 
of symptoms of distress was 18%, depression 9%, anxiety 10% and 
somatization 12% in the general population. In our shoulder patients before 
surgery only the prevalence of symptoms of somatization was higher than the 
prevalence in the general population. After surgery the prevalence of 
symptoms of somatization and depression were higher compared to the 
prevalence in the general population. The evolution of traits or states of 
psychological symptoms in populations over time is not well understood 
(Potter). The change of psychological symptoms before and after shoulder 
surgery seems to be influenced by the change of shoulder symptoms, could be 
a response of patients to a life event (in our study population shoulder 
surgery), may represent ordinary change of psychological symptoms over 
time, and is likely to be multifactorial. We agree with other authors that the 
interrelationship of shoulder pathology, psychosocial factors, and patient self-
assessment is complex (Potter).   
In the 4DSQ score distress was constructed as a fourth dimension of 
psychopathology besides depression, anxiety and somatization. Characteristic 
distress symptoms are worry, irritability, tension, listlessness, poor 
concentration, sleeping problems and demoralization. Distress symptoms 
virtually always accompany mood and anxiety disorders (Terluin 2006). The 
developers of the 4DSQ score tried to separate distress from depression and 
anxiety, and considered that what was left to be the core symptomatology of 
major depression and anxiety. Whereas distress was thought to be primarily a 
manifestation of a stress-coping problem, depression and anxiety are 
triggered or aggravated by still poorly understood dysfunctions of mood and 
anxiety regulation systems (Terluin 2006). In other psychological scores, like 
the HADS, CES-D and mZung score, psychological symptoms of distress are not 
identified separately from symptoms of depression and anxiety but distress 
symptoms are scored in the depression and anxiety scales. At the start of this 
study, we expected that symptoms of distress would be more likely to 
improve after surgery than the core symptoms of depression and anxiety.  
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We found a small association between change of DASH score and change of 
symptoms of distress after surgery, but symptoms of distress did not improve 
more often after surgery than symptoms of the other psychological domains.   
Although symptoms of psychological disorders before surgery improved in all 
psychological domains, in 60% of patients preoperative symptoms of 
psychological disorders remained unchanged after surgery. Preoperative 
psychological symptoms were not associated with clinical outcome after 
shoulder surgery in several studies (Koorevaar PLOS ONE, Potter, Cho). 
However, functional outcome and perceived improvement of  pain and 
function was worse if psychological disorders were present at follow-up after 
shoulder surgery (Koorevaar, PLOS ONE). Further studies could focus on 
individual factors that predict the persistence or disappearance of psycho-
logical symptoms after surgery. If the persistence of psychological symptoms 
can be predicted, cognitive or other psychological treatment in patients at risk 
might be indicated in order to try to improve clinical outcome after shoulder 
surgery.  
This is the first prospective longitudinal study with a large study population of 
176 patients that addressed the association between change of psychological 
symptoms and functional outcome after shoulder surgery. Functional out-
come after shoulder surgery was measured with a validated orthopedic 
clinical outcome questionnaire (DASH score), psychological symptoms were 
identified with a psychological questionnaire that was validated in orthopedic 
shoulder patients. There are some limitations that have to be mentioned. The 
DASH score is not a specific outcome measure-ment for the shoulder and 
other disorders of the upper extremity could influence the DASH score. The 
4DSQ questionnaire is a tool to identify psychological symptoms. However, 
having significant psychological symptoms is not the same as having a 
psychological illness. Psychological disorders have to be diagnosed  by a 
psychologist or psychiatrist using DSM-Vcriteria. We did not account for the 
use of anti-depressive medication and whether or not patients were treated 
by a psycho-logist or psychiatrist during the study period. We included a 
heterogeneous patient population with shoulder complaints, with different 
diagnoses, operations, levels of pain and functional disability and duration of 
symptoms. Psychological symptoms were observed in all various shoulder 
diagnoses before and after surgery. Other factors might also be related with 
clinical outcome after shoulder surgery but not studied in our population, for 
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example: optimism, self-esteem, life satisfaction, hope, active coping, patient 
expectations, catastrophizing, fear avoidance behavior, perceived social 
support, comorbidities, workers’ compensation status, work status, education 
level and marital status.  
 
Conclusion 
Preoperative symptoms of distress, depression, anxiety and somatization 
improved after shoulder surgery. Improvement of shoulder pain and function 
after shoulder surgery was associated with improvement of psychological 
symptoms in all psychological domains, but this association was small and in 
our opinion of limited clinical relevance. Persistent symptoms of distress, 
depression, anxiety and somatization after shoulder surgery have been found 
to  influence postoperative perceived pain and disability resulting in worse 
clinical outcome after shoulder surgery (Koorevaar, PLOS ONE). Further 
studies should examine if treatment of psychological symptoms in patients at 
risk before surgery may lead to better patient perceived clinical outcome after 
shoulder surgery.  
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Chapter 5 
 
 
Incidence and prognostic factors for postoperative frozen shoulder after 
shoulder surgery: a prospective cohort study. 
  
Rinco C.T. Koorevaar, Esther van ‘t Riet, Marcel Ipskamp, Sjoerd K. Bulstra. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Arch Orthop Trauma Surg. 2017 Mar;137(3):293-301. doi: 10.1007/s00402-
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Abstract 
 
Purpose 
Frozen shoulder is a potential complication after shoulder surgery. It is a 
clinical condition that is often associated with marked disability and can have 
a profound effect on the patient’s quality of life. The incidence, etiology, 
pathology and prognostic factors of postoperative frozen shoulder after 
shoulder surgery are not known. The purpose of this explorative study was to 
determine the incidence of postoperative frozen shoulder after various 
operative shoulder procedures. A second aim was to identify prognostic 
factors for postoperative frozen shoulder after shoulder surgery. 
 
Methods 
505 consecutive patients undergoing elective shoulder surgery were included 
in this prospective cohort study. Follow-up was 6 months after surgery. A 
prediction model was developed to identify prognostic factors for post-
operative frozen shoulder after shoulder surgery using the TRIPOD guidelines. 
We nominated 5 potential predictors: gender, diabetes mellitus, type of 
physiotherapy, arthroscopic surgery and DASH score. 
 
Results 
Frozen shoulder was identified in 11% of the patients after shoulder surgery 
and was more common in females (15%) than in males (8%). Frozen shoulder 
was encountered after all types of operative procedures. A prediction model 
based on 4 variables (diabetes mellitus, specialized shoulder physiotherapy, 
arthroscopic surgery and DASH score) discriminated reasonably well with an 
AUC of 0,712. 
 
Conclusions 
Postoperative frozen shoulder is a serious complication after shoulder surgery, 
with an incidence of 11%. Four prognostic factors were identified for post-
operative frozen shoulder: diabetes mellitus, arthroscopic surgery, specialized 
shoulder physiotherapy and DAHS score. The combination of these four 
variables provided a prediction rule for postoperative frozen shoulder with 
reasonable fit. 
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Introduction 
 
Shoulder stiffness is a complication which negatively affects clinical outcome 
after shoulder surgery. In orthopaedic literature many different causes and 
definitions of postoperative stiffness are reported.1-4 Postoperative stiffness 
may be the consequence of scarring triggered by the surgical intervention and 
postoperative immobilization, but also the development of postoperative 
frozen shoulder is described with inflammation of the capsule of still unknown 
aetiology.1,5-8 Postoperative frozen shoulder is a clinical condition that is often 
associated with marked disability and can have a profound effect on the 
patient’s quality of life.6 Typically postoperative frozen shoulder presents after 
an initially successful postoperative rehabilitation process but then is followed 
by a worsening of pain in the shoulder with gradual loss of both active and 
passive range of motion.8 Differentiation of patients with postoperative frozen 
shoulder from patients with other causes of postoperative stiffness is clinically 
important because the clinical course and the treatment is different. Frozen 
shoulder has a benign natural course in most patients.6,9 In other types of 
shoulder stiffness after shoulder surgery, for example if scar tissue or a 
contracture of the rotator cuff or capsular/ligaments structures of the 
shoulder is the cause of pain and stiffness, pain and stiffness will persist if left 
untreated.10-12 Patients with frozen shoulder needs to be treated differently 
than other patients with postoperative stiffness.8 When frozen shoulder 
develops after surgery, rehabilitation should be modified with analgesia and 
activity modification.6,8,13 Conversely, if scar tissue or a contracture of the 
rotator cuff or capsular/ligaments structures of the shoulder is the cause of 
pain and stiffness after surgery, then aggressive physical therapy or an 
operative capsular release is indicated.10-12  
Previous reports have studied postoperative stiffness after rotator cuff repair 
but they did not differentiate between secondary frozen shoulder and other 
causes of stiffness. In a recent study, Evans et al was the first who identified 
the incidence of frozen shoulder after two shoulder procedures: arthroscopic 
subacromial decompression and arthroscopic acromioclavicular joint 
excision.8 We are unaware of previous studies that have analyzed secondary 
frozen shoulder following other operative shoulder procedures. The incidence, 
etiology and pathology and prognostic factors of secondary frozen shoulder 
after shoulder surgery are not known. When frozen shoulder after shoulder 
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surgery can predicted, shoulder surgeons and physiotherapists might modify 
treatment in high risk patients and patients can be informed about their risk 
of developing frozen shoulder after surgery.  
The purpose of this explorative study was to determine the incidence of 
postoperative frozen shoulder after various operative shoulder procedures. A 
second aim was to identify prognostic factors for postoperative frozen 
shoulder after shoulder surgery.     
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Patients and Methods 
 
We used a prospective cohort design  to study the  incidence of secondary 
frozen shoulder after elective operative shoulder procedures. A prediction 
model was developed to identify prognostic factors for postoperative frozen 
shoulder after shoulder surgery.  
We included all consecutive patients that were planned for elective shoulder 
surgery in a four-year period (1-1-2009 till 31-12-2013). Inclusion criteria 
included: (1) presenting for a planned elective shoulder surgery, (2) at least 
sixteen years of age, (3) be able to complete questionnaires. Exclusion criteria 
included: (1) frozen shoulder before surgery, (2) fracture/ nonunion or 
malunion, (3) stiffness caused by glenohumeral osteoarthritis (including 
shoulder arthroplasty), (4) shoulder arthrodesis, (5) diagnostic shoulder 
arthroscopy, (6) preoperative or postoperative neurological disorder or 
complication (e.g. stroke, Parkinson’s disease), (7) postoperative deep 
infection.  
Elective shoulder surgery. Surgeries were performed in a general teaching 
hospital with a shoulder subunit. All surgeries were performed by a single 
surgeon or by one of his supervised residents. All patients received standard 
guidance from a shoulder physiotherapist immediately after surgery and all 
were referred to a community physiotherapist. Physiotherapy at home was 
started within one week after surgery. Although patients were free to choose 
any community physiotherapist, we advised patients to choose a specialized 
physiotherapist from our Regional Shoulder Network. The Regional Network 
of Shoulder Physiotherapists is a network with 25 specialized, trained shoulder 
physiotherapists. These physiotherapists were extensively trained to treat 
shoulder surgery patients. The shoulder physiotherapists were instructed to 
look for signs of postoperative frozen shoulder. If frozen shoulder developed, 
the physiotherapist modified the rehabilitation program to include more rest 
and to restrict mobilization of the capsule. Standardized rehabilitation 
protocols and guidelines for mobilization were used. After rotator cuff repair 
the shoulder was immobilized for 6 weeks, allowing daily passive range of 
motion and pendulum exercises. After a stabilizing procedure the shoulder 
was immobilized for 3 weeks with daily active guided exercises, and after all 
other operations the shoulder was immobilized for two to three days with 
immediate active exercise.  
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Outcome measure: 
For the definition of postoperative frozen shoulder we used the definition by 
Evans et al.,8 and completed the definition with the consensus definition of 
the British Shoulder and Elbow Society of frozen shoulder:14  
1 an initially successful postoperative rehabilitation process after 

shoulder surgery is followed by worsening pain in the shoulder with 
gradual loss of both active and passive range of motion 

2 symptoms of true (deltoid insertion) shoulder pain and night pain of 
insidious onset 

3 painful restriction of active and passive movement, with passive 
movement limited to <100 degree elevation, <30 degree external 
rotation and internal rotation limited to L5 or less 

 
The Constant-Murley score (CMS) is a 100-point scale divided into four 
subscales: pain (15 points), activities of daily living (20 points), strength (25 
points) and range of motion (40 points).15 The Disabilities of the Arm, Shoulder 
and Hand (DASH) questionnaire is a 30-item, self-report questionnaire 
designed to measure physical function and symptoms in people with any of 
several musculoskeletal disorders of the upper limb.16 The Four-Dimensional 
Symptom Questionnaire (4DSQ) is a 50-item self-report psychological 
questionnaire, validated for orthopaedic shoulder patients, that identifies four 
common psychological symptoms: distress, depression, anxiety, and 
somatization.17,18 
 
Data collection  
Male and female patients who presented at the orthopedic clinic and were 
planned for elective shoulder surgery were screened for eligibility. Eligible 
patients, after been consented, were seen at an outpatient clinic by a 
physiotherapist from our shoulder unit two to three weeks before elective 
shoulder surgery. The physiotherapist was an independent researcher not 
involved in the treatment of these patients. Patients were examined following 
a standard protocol, demographic and clinical variables were collected. 
Standard radiography of the shoulder was taken for each patient before 
surgery, a MRI or CT-scan was performed in most patients. All patients were 
screened for the presence of frozen shoulder before surgery, using the 
consensus definition of the British Shoulder and Elbow Society, by the physio-
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therapist and also by the surgeon under anesthetic immediately before 
shoulder surgery. During arthroscopic surgery the capsule was checked for 
vascular granulation tissue, suggestive of frozen shoulder. 
Patients were evaluated 6 weeks, 3 months and 6 months after the operation. 
At 6 weeks patients were examined by an experienced shoulder physio-
therapist and at 3 and 6 months by the operating surgeon. All patients were 
postoperatively examined according to a standard protocol, including the 
range of motion of the operated shoulder and the contralateral shoulder. 
Range of motion was measured with the patient lying supine and standing, 
using a standard 30-cm goniometer. Elevation and abduction were scored by 
measuring the angle formed by the arm and thorax. External rotation was 
determined with the arm adducted and the elbow at the side and flexed to 
90°. Internal rotation of the arm behind the back was evaluated by the 
vertebral level that could be reached by the dorsum of the hand. 
 
Data analysis 
The aim of this study was to identify prognostic factors for postoperative 
frozen shoulder after shoulder surgery. For the statistical analysis we followed 
the recommendations by Herbert:19 cohort studies can answer questions 
about aetiology (causation) or prognosis (prediction). Depending on whether 
generating information about aetiology or prognosis is the topic of the study, 
it should have quite different design and analysis. To identify prognostic 
factors a prediction model was recommended. A prediction model was 
developed using the TRIPOD guidelines.20 According to the recommendation 
by Peduzzi, we selected one candidate predictor for every 10 cases.21 Before 
conducting the analysis, we nominated 5 potential predictors based on the 
results in the baseline table, expert knowledge and previous literature: 
gender, diabetes mellitus, type of physiotherapy, arthroscopic surgery and 
DASH score. We selected gender and diabetes as potential prognostic factor 
because in literature frozen shoulder is more frequently encountered in 
females and in patients with diabetes. We decided to examine if specialized 
shoulder physiotherapy compared to regular physiotherapy is a prognostic 
factor for the development of frozen shoulder because in our clinical practice 
we had the clinical impression that frozen shoulder was less frequently 
encountered when the patient was treated by a specialized shoulder 
physiotherapist after surgery. Literature indicates that postoperative stiffness 
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is more often seen after open surgery compared to arthroscopic surgery. We 
are not aware of any publication that studied if postoperative frozen shoulder 
is more frequently observed after open surgery. Therefore we decided to 
choose this as a potential prognostic factor. Severity of shoulder symptoms 
might be associated with the development of frozen shoulder after surgery. 
The DASH score was selected as a potential prognostic factor. Of these 
predictors only the DASH score was treated as continuous variable and the 
lineair association with the outcome variable was checked.   
A backward selection strategy by hand in the full, five-predictor model was 
performed to select predictors for the final model. Predictors were deleted 
step by step from the model based on the highest p-value. To adjust for 
overoptimism, 500 bootstraps were performed to adjust the 95% confidence 
intervals around the regression coefficients. Bias-corrected and accelerated 
(BCa) 95% CI are reported. Then, Goodness of fit was evaluated by inspecting 
calibration plots22 and with the Hosmer-Lemeshow test.23 Next, prediction 
scores were calculated using the formula P = exp(ln(odds)) /(1+exp(ln(odds))). 
Calculated predictions were used to evaluate the discriminative power of the 
model by inspecting histograms of prediction scores and the c index (ie, the 
area under the receiver operating characteristic curve). SPSS statistical 
software (version 20.0; IBM, Armonk, NY, USA) was used for data compilation 
and statistical analyses. A p-value of <0.05 was considered statistically 
significant. 
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Results 
 
Flow of participants through the study 
Figure 1 shows a summary of the participants’ flow; 505 patients where 
included in the present analysis. In 8 patients both shoulders were operated 
during the study period, only the first shoulder operation was analyzed. There 
was a high rate of follow-up (90%). In the study period 58 patients (10%) did 
not attend their final postoperative assessment 6 months after surgery and 
were therefore lost to follow-up. We analyzed the baseline characteristics of 
these 58 patients and compared them with the patients of the study 
population. Type of operation (p=0,000), age (p=0,020) and gender  
(p=0,003) were statistically significantly different between the groups. The 
majority of patients who did not attend our outpatient clinic 6 months 
postoperatively were patients who had an arthroscopic subacromial 
decompression or an excision of a calcific deposit in the rotator cuff. The 
predominance of these two operations explained why the mean age and 
gender distribution were different in this group than in the study population. 
Eight patients did have a clinical follow-up 6 months after surgery but some 
clinical data from this follow-up visit were lost, hence these patients were also 
excluded. 
 
Incidence of postoperative frozen shoulder after shoulder surgery 
Postoperative frozen shoulder was observed in 11% of the patients; 8% in 
males and 15% in females (p=0,01 (1,42-12,8). Secondary frozen shoulder was 
encountered in all different shoulder procedures: 12% after subacromial 
decompression, 8% after rotator cuff repair, 12% after stabilizing procedures, 
12% after distal clavicle resection, 12% after excision of calcific deposit and 
15% after other shoulder procedures. Baseline characteristics of patients with 
and without postoperative frozen shoulder after shoulder surgery are given in 
Table 1. 
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Figure 1. Summary of participants’ flow in this prospective cohort study. 
 
All consecutive elective planned shoulder operations N = 924 
 

Reasons for ineligibly: 
 
refused to participate n = 88 
frozen shoulder before surgery n = 45 
fracture/ nonunion or malunion                      n = 34 
shoulder arthroplasty                                         n = 130 
shoulder arthrodesis                                           n = 5 
diagnostic shoulder arthroscopy                       n = 31 
preoperative neurological disorder                   n = 0 
unable to complete questionnaires                   n = 7 
 
Eligible patients n =  584 
 
postoperative neurological complication n = 0 
postoperative deep infection n = 6 
 
No follow-up/missing data: 
no physiotherapy or physiotherapy unknown n = 7 
no follow-up for 6 months n = 58 
missing postoperative data at 6 months n = 8 
 

Analysis n = 505 patients 
 

 
  

l i i
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Table 1. Baseline characteristics of patients with and without postoperative frozen 
shoulder.   
 
 
 
N (%) 

Postoperative frozen 
shoulder 

 
56 (11) 

No postoperative frozen 
shoulder 

 
449 (89) 

   
Age (years) 47.1 (13.3) 47.5 (15.4) 
Gender (n, %) 23 (41.1%) 264 (58.8%) 
Right shoulder (n, %) 39 (69.6%) 268 (59.7%) 
Dominant side (n, %) 40 (71.4%) 283 (63.0%) 
Duration of symptoms (months) 18 (10;36) 18 (10;48) 
Diabetes mellitus (n, %) 7 (12.5%) 17 (3.8%) 
Thyroid disorder (n, %) 4 (7.1%) 18 (4.0%) 
Specialized shoulder physiotherapy (n, %) 32 (57.1%) 35 (78.0%) 
Type of operation (n, %) 
           Subacromial decompression 
           Rotator cuff repair 
           Stabilizing procedure 
           Distal clavicle resection 
           Excision calcific deposits 
           Other shoulder operation 

 
6 (10.7%) 

12 (21.4%) 
18 (32.1%) 
10 (17.9%) 

3 (5.4%) 
7 (12.5%) 

 
43 (9.6%) 

141 (31.4%) 
131 (29.2%) 
73 (16.3%) 
23 (5.1%) 
38 (8.5%) 

Arthroscopic surgery (n, %) 46 (82.1%) 322 (71.7%) 
Operated before (n, %) 7 (12.5%) 48 (10.7%) 
VAS mean 5.6 (2.0) 4,7 (2.4) 
DASH  46.9 (21.0) 38,5 (19.1) 
CMS 51.3 (17.2) 57.8 (18.0) 
Distress (n, %)* 13 (23.1%) 99 (20.0%) 
Depression (n, %)* 2 (3.8%) 37 (8.2%) 
Anxiety (n, %)* 6 (11.5%) 54 (12.1%) 
Somatization (n, %)* 14 (25.0%) 70- (18.4%) 

 
Data are presented as percentage, mean (SD) or median (IQ range) in case of skewed distribution. 
Age, duration of symptoms (log transformed before testing), VAS mean, DASH and CMS were tested using 
independent sample t-tests. VAS min en VAS max were tested using Mann Whitney U tests. All other 
variables were tested using Chi-square tests.  
P< 0.05 is considered statistically significant 
*n=73 missing cases 

 
 
Prediction of postoperative frozen shoulder after shoulder surgery  
Four of the five potential predictor variables (all except arthroscopic surgery) 
had statistically significant univariate relationship with risk of frozen shoulder 
(Table 2). Arthroscopic surgery, although statistically not significant, was 
considered to be clinical relevant and was therefore selected as an additional 
candidate variable for the prediction model. All candidate variables (gender, 
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diabetes mellitus, specialized shoulder physiotherapy, DASH score and arthro-
scopic surgery) were considered for inclusion in a logistic model. The manual 
backward selection procedure identified a prediction model for postoperative 
capsulitis including four predictors: diabetes mellitus, specialized shoulder 
physiotherapy, DASH score and arthroscopic surgery. Arthroscopic surgery did 
not gain statistical significance in the univariate analysis but appeared to be of 
additional value in the final prediction model, achieving the highest 
discriminative ability. Table 3 presents the odds ratio and bootstrapped 95% 
CI of the model. The Hosmer-Lemeshow test was not statistically significant, 
indicating no evidence of a failure of model fit. When individual prediction 
was calculated from the regression formula, a ROC curve was generated. The 
prediction model had reasonable discriminative ability with an AUC of 0,712.  
 
 
Table 2. Univariate relationship between putative predictors and risk of developing 
postoperative frozen shoulder. 
 Odds Ratio* 95% CI P-value 
Gender  
(0 = male, 1 = female) 

2.05 1.16-3.60 
 

0.013 

 
Diabetes mellitus  
(0 = absent, 1 = present) 

 
3.63 

 
1.44-9.19 

 
0.006 
 

 
Type of physiotherapy  
(0 = regular, 1 = shoulder physiotherapy) 
 

 
0.38 

 
0.21-0.67 

 
0.001 

Arthroscopic surgery  
(0 = open, 1 = arthroscopic) 
 

1.81 0.89-3.71 0.100 

DASH (0-100 scale) 1.02  1.01-1.04 0.005 
*All variables except gender, diabetes mellitus, type of physiotherapy and arthroscopic surgery were 
treated as continuous variables. The odds ratio is the increase in odds per unit increase in the predictor.  

 
 
  



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 111PDF page: 111PDF page: 111PDF page: 111

5

111

 
 

Table 3. Multivariate logistic prediction model of risk of developing postoperative 
frozen shoulder. 
 
 Coefficient Odds Ratio* 95% CI 
Diabetes mellitus  
(0 = absent, 1 = present) 
 

1.42 4.13 1.09 – 12.60 

Type of physiotherapy  
(0 = regular, 1 = shoulder physiotherapy) 
 

-1.12 0.33 0.19 – 0.53 

Arthroscopic surgery  
(0 = open, 1 = arthroscopic) 
 

0.74 2.09 0.99 – 5.95 
 

DASH (0-100 scale) 0.02 1.02 1.01 – 1.04 
*All variables except DASH score were treated as dichotomous variables. The odds ratio is the difference  in 
odds for the predictor for patients with frozen shoulder as compared to patients without frozen shoulder. 
Confidence intervals were bias adjusted after a bootstrap of 500 samples.  

 
 
In Figure 2, the patients were grouped into the postoperative frozen shoulder 
group and into the no postoperative frozen shoulder group; then we plotted 
the estimated probabilities of a postoperative frozen shoulder, according to 
the prediction model. According to our prediction model, the median 
probability of a postoperative frozen shoulder was 15% in the postoperative 
frozen shoulder group and 8% in the no postoperative frozen shoulder group.   
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Figure 2. Postoperative frozen shoulders were diagnosed and compared to the 
predicted probabilities of postoperative frozen shoulder, based on the prediction 
model. 
 

 
 

The X-axis represents the patients diagnosed clinical with the diagnosis postoperative frozen 
shoulder or no postoperative frozen shoulder. The Y-axis represents the predicted probabilities 
of a postoperative frozen shoulder, according to the prediction model. The box represents 
graphically 50% of the patients; the heavy line inside the box is the median.  
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Discussion 
 
Frozen shoulder is a common and clinically relevant complication after 
shoulder surgery, with an incidence of 11%. This study prospectively 
monitored a cohort of 505 consecutive cases after elective shoulder surgery 
with a follow-up rate of 90%. We developed a prediction model and identified 
four prognostic factors: diabetes mellitus, arthroscopic surgery, specialized 
shoulder physiotherapy and DASH score. We observed that the combination 
of these four variables provided a prediction rule for postoperative frozen 
shoulder with reasonable fit.  
No previous prediction models to identify prognostic factors and predict the 
development of postoperative frozen shoulder after shoulder surgery were 
found in literature. In the retrospective study by Evans et al.8 prognostic risk 
factors for the development of secondary frozen shoulder after two arthro-
scopic shoulder procedures were age (between 46 and 60 years) and a 
previous idiopathic contra lateral frozen shoulder. In our study we identified 
four prognostic factors: diabetes mellitus, arthroscopic surgery, specialized 
shoulder physiotherapy and DAHS score. One of the prognostic factors for the 
development of postoperative frozen shoulder was arthro-scopic surgery. In 
orthopaedic literature postoperative shoulder stiffness is more frequently 
observed after open surgery than after arthroscopic surgery. Although we 
consider postoperative frozen shoulder a different clinical condition than 
other types of postoperative shoulder stiffness, we did not expect that 
arthroscopic surgery would be a prognostic factor for post-operative frozen 
shoulder. Arthroscopic surgery might violate the capsule during the 
arthroscopic procedure. The capsule, especially the rotator cuff interval, may 
be at greater risk of being traumatized during arthroscopic surgery compared 
to open surgery. Further research should analyze if different arthroscopic 
procedures and techniques will reduce the incidence of postoperative frozen 
shoulder.   
Specialized shoulder physiotherapy was also a prognostic variable. Specialized 
shoulder physiotherapists were instructed to focus on the development of 
postoperative frozen shoulder and immediately adapt the rehabilitation 
program with more rest and less mobilization of the capsule. We observed 
during the study period that in most patients the clinical signs of frozen 
shoulder disappeared when the capsule was allowed more rest. If, instead, a 
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physiotherapist proceeds with the normal rehabilitation program the 
condition will progress and will not respond to rest in the frozen stage, thus 
becoming more difficult to treat.6 The association between the rehabilitation 
program, the physiotherapeutic treatment approaches after shoulder surgery 
and the development of postoperative frozen shoulder needs to be explored 
in future studies. In our study, longer postoperative immobilization, especially 
after rotator cuff repair and stabilizing procedures, did not resulted in higher 
incidences of secondary frozen shoulder. Evans et al postulated that the 
development of a frozen shoulder after surgery might be an isolated patho-
logical process, rather than a consequence of prolonged immobilization.8 Koo 
et al published a study about the benefits of a modified rehabilitation protocol 
in reducing the risk of postoperative stiffness after arthroscopic rotator cuff 
repair.24 Patients with risk factors for postoperative stiffness, identified in a 
previous study by the same research group, were enrolled in a modified 
rehabilitation protocol. They observed that a modi-fication of the 
rehabilitation protocol in at-risk patients reduces the incidence of 
postoperative stiffness after arthroscopic rotator cuff repair.   
Frozen shoulder is a complex clinical condition with no uniform definition in 
literature. Both the British and the American Shoulder and Elbow Societies 
and the Orthopaedic Section of the American Physical Therapy Association 
have presented consensus definitions of frozen shoulder of post-operative 
frozen shoulder.14,25,26 These definitions were not designed to diagnose 
postoperative frozen shoulder. Only one publication, by Evans et al.,8 studied 
the development of postoperative frozen shoulder after shoulder surgery. 
They used the following  definition: ‘all patients who developed a secondary 
frozen shoulder reported an initial period of good mobility following surgery, 
followed by a decline in movement and function.’ We used their definition in 
our study. The description of the change in the post-operative rehabilitation 
period, with a decline in movement and function and worsening pain, enabled 
us to diagnose postoperative frozen shoulder, not only after simple 
arthroscopic shoulder procedures (like arthroscopic subacromial 
decompression) but also after shoulder procedures with immobilization or 
capsular or labral surgery. During the study period the definition appeared to 
be practical and useful in clinical practice and we were able to make the 
diagnosis in all patients. We have no hard evidence how well the definition of 
postoperative frozen shoulder is able to differentiate between postsurgical 
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frozen shoulder and other patients with postoperative stiffness. Future 
studies could confirm this definition by performing an arthroscopy in all 
patients after shoulder surgery with histological examination to conform the 
absence or presence of a frozen shoulder. The follow-up period in this study 
was 6 months. This follow-up period is too short to observe the clinical end 
result after shoulder surgery but long enough to observe the development of 
frozen shoulder after shoulder surgery.8 In our study period all patients with 
frozen shoulder got symptoms of postoperative frozen shoulder in the first 
three months after surgery. 
Our study has several strengths. This study was a large prospective cohort 
study of a consecutive series of 505 patients with a low percentage of patients 
lost to follow-up. Patients were surgically treated by a single surgeon. All 
patients were rehabilitated according to strict protocols; most patients were 
treated by specialized shoulder physiotherapists. Because we included 
different types of shoulder procedures, we were able to demonstrate that 
postoperative frozen shoulder is a complication after various shoulder 
procedures. Our study has also some limitations that should be addressed 
before drawing conclusions. We have included a heterogeneous study 
population with different types of shoulder procedures. The standardized 
rehabilitation protocols and guidelines for mobilization were different 
between the shoulder procedures, with immobilization periods after rotator 
cuff repair and stabilizing procedures. The outcome of this study was based on 
clinical examination and medical history and not confirmed by arthroscopic 
and histological examinations. Radiodiagnostic imaging studies, like MRI 
(arthrography) and ultrasonography, are primarily used to exclude other 
causes of shoulder pain and are of limited use in diagnosing frozen shoulder.27-

29 Postoperative measurement of the range of motion was performed by a 
shoulder physiotherapist and the operating orthopedic surgeon, and not by an 
independent researcher.  
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Conclusions 
The incidence of postoperative frozen shoulder after shoulder surgery was 
11%. Frozen shoulder was encountered after all different operative 
procedures. We developed a prediction model and identified four prognostic 
factors for postoperative frozen shoulder: diabetes mellitus, arthroscopic 
surgery, specialized shoulder physiotherapy and DAHS score. The combination 
of these four variables provided a prediction rule for postoperative frozen 
shoulder with reasonable fit. Further research is needed to externally validate 
this model. After that, this prediction tool could be used in future studies to 
look for preventive strategies and intervention for high-risk patients of 
postoperative frozen shoulder after shoulder surgery.  
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Chapter 6  
 
 
The influence of psychological symptoms on objective (Constant-Murley) 
and subjective (DASH) functional measurements in patients scheduled for 
shoulder surgery.  
 
 
Koorevaar CT, Madden K, Kleinlugtenbelt YV, Bulstra SK. 
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Abstract 
 
Background 
Several shoulder scores are available to evaluate general shoulder function, 
pain and disability, ranging from objective clinician-based measurements to 
more subjective self-reported measurements. Psychological symptoms 
influence the shoulder scores, leading to worse outcome scores. 
 
Questions/Purposes 
1 To what extent do four common psychological symptoms (depression, 

anxiety, somatization and psychological distress) influence a 
subjective functional measure (DASH score) and a functional measure 
with more objective measurements (Constant-Murley score) in 
patients scheduled for shoulder surgery? 

2 Is there a mismatch between the subjective and objective measures 
and whether the difference is greater for patients with psychological 
symptoms compared to patients without psychological symptoms? 
Our hypothesis is that there is a greater mismatch between subjective 
and objective measures among patients with psychological symptoms 
compared to patients without psychological symptoms. 

 
Methods 
In consecutive patients scheduled for shoulder surgery in a five year period, 
we prospectively collected the pre-operative DASH score, Constant-Murley 
score, VAS pain score, and 4DSQ score. We determined whether there is a 
greater mismatch between the DASH and Constant-Murley for patients with 
psychological symptoms. We calculated the difference between the 
standardized Constant-Murley and DASH score and compared the mean 
scores for patients with and without psychological disorders using 
independent t-tests. We also performed a multivariable linear regression 
analysis for each of the outcomes to assess the influence of each of the 
psychological symptoms on the outcome score. 
 
Results 
1 To what extent do four common psychological symptoms (depression, 

anxiety, somatization and psychological distress) influence a 
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subjective functional measure (DASH score) and a functional measure 
with more objective measurements (Constant-Murley score) in 
patients scheduled for shoulder surgery?  
An increasing number of psychological disorders was significantly 
associated with worse Constant-Murley and DASH scores. Female 
gender, previous surgery, and dominant side affected, were also 
significantly associated with worse DASH scores, and glenohumeral 
instability was associated with better DASH scores. Female gender, 
age, glenohumeral osteoarthritis, and frozen shoulder, were also 
significantly associated with worse Constant-Murley scores, 
glenohumeral instability was associated with better Constant-Murley 
scores. 

2 Is there a mismatch between the subjective and objective measures 
and whether the difference is greater for patients with psychological 
symptoms compared to patients without psychological disorders?  
Multivariable models showed that psychological disorders significantly 
contribute to explaining the variance in the pre-operative functional 
outcomes, more for the DASH score than for the Constant-Murley 
score. However, the group with no psychological symptoms did not 
have significantly better concordance between the DASH and 
Constant-Murley than the psychological symptoms group. 

 
Conclusions 
Psychological symptoms significantly affect pre-operative functional 
measures. There is some evidence that psychological symptoms influence the 
DASH score (a subjective outcome) more than the Constant-Murley score (a 
more objective outcome). The number of psychological disorders is clinically 
important: the more psychological disorders patients have, the more the 
DASH score and Constant-Murley score is affected. Clinicians should be aware 
of the contributions made by psychological symptoms to these outcome 
instruments when making decisions regarding treatment priorities or 
interpreting treatment outcomes. 
 
Level of Evidence 
Level IV, Cross-sectional observational study 
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Introduction 
 
Background 
For the assessment of patient outcome following shoulder surgery, an 
increasing number of questionnaires have been introduced to evaluate 
general shoulder function, pain and disability.21 These questionnaires range 
from objective clinician-based measurements to more subjective self-reported 
measurements. In the past, more objective shoulder scores were commonly 
used. Patient reported outcome measures (PROMs) are subjective tools with a 
more patient-centered view on treatment evaluation which provide an 
evaluation of whether a treatment has worked in the (important) sense of 
whether or not the patient feels better, and how much better. As PROMs 
reflect patients’ perceived improvement more than clinician-based outcome 
measures, PROMs are probably more influenced by non-anatomic factors, for 
example by psychological symptoms.24 Because PROMs are used as orthopedic 
outcome measures we have to realize that they measure not only orthopedic 
shoulder symptoms but also other factors like psychological symptoms. The 
Constant-Murley questionnaire7 is a more objective and clinician-based 
shoulder outcome instrument and is the most widely used questionnaire in 
Europe.12 The DASH score11 is a self-report questionnaire designed to measure 
physical function and symptoms in people with any musculoskeletal disorder 
of the upper limb, and one of the most used PROMs in shoulder research. 
Several studies analyzed the influence of psychological symptoms on the 
perception of functional disability, activity level, and pain.19,20,21 This influence 
of psychological symptoms has been observed to lead to higher (worse) DASH 
scores.13,19,20,21 Only one relatively small study compared the influence of 
psychological symptoms on the Constant-Murley score and on the DASH 
score.21 In this study Constant-Murley scores were not correlated with 
psychological measures, whereas DASH scores were significantly correlated 
with symptoms of depression and anxiety.  However, that study only 
evaluated depression and pain anxiety; it did not evaluate anxiety, 
somatization, or distress. 
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Rationale 
Patient-reported outcome measures have become a well-recognized part of 
outcome assessment in orthopedic surgery. These questionnaires claim to 
measure joint-specific dimensions like pain, function in activities of daily living, 
and joint awareness or stiffness.10 However, interference of the patient’s 
psychological status with these orthopedic questionnaires could make 
accurate interpretation difficult.10 It is currently unclear whether and to what 
degree psychological factors influence these scores.     
 
Study Questions 
1 To what extent do four common psychological symptoms (depression, 

anxiety, somatization and psychological distress) influence a 
subjective functional measure (DASH score) and a functional measure 
with more objective measurements (Constant-Murley score) in 
patients scheduled for shoulder surgery? 

2 Is there a mismatch between the subjective and objective measures 
and whether the difference is greater for patients with psychological 
symptoms compared to patients without psychological disorders? Our 
hypothesis is that there is a greater mismatch between subjective and 
objective measures among patients with psychological symptoms 
compared to patients without psychological symptoms. 
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Methods 
 
Participants/study subjects 
In all consecutive patients scheduled for shoulder surgery in a five year period 
(2009-2013), demographic and clinical variables were collected prospectively 
two to three weeks before surgery in an outpatient clinic by an independent 
physiotherapist. The following preoperative variables were collected: age, 
gender, dominant shoulder, shoulder diagnosis, duration of shoulder 
complaints, and whether the patient had a history of surgery on the same 
shoulder. The DASH score, Constant-Murley score, VAS pain at rest and during 
activity and 4DSQ test were obtained. The study was carried out in compliance 
with the principles laid down in the Helsinki Declaration. Participants were 
informed about the study using a patient information letter and patients had 
the opportunity to ask questions about the study. Then, informed consent was 
received orally and formally recorded. Approval of this study was obtained 
from the Regional Medical Ethical Committee. 
 
Description of experiment, treatment or surgery 
The Four-Dimensional Symptom Questionnaire (4DSQ) is a psychological 
questionnaire validated for orthopedic shoulder patients.25,26 The 4DSQ is a 
50-item self-report inventory that is able to identify four psychological 
disorders: distress, depression, anxiety and somatisation. The distress scale 
measures people’s most general and most basic response to stress of any 
kind, from work or family demands to psychosocial difficulties or life events. 
The depression and anxiety scales identify specific symptoms of depressive 
and anxiety disorders, severe enough to warrant treatment. The somatisation 
scale measures symptoms that are associated with somatic stress. 
Psychological disorders in this study were defined to be present if patients 
scored medium or high risk on one of the domains of the 4DSQ (cut-off score 
for distress: 11, depression: 3, anxiety: 4 and somatisation: 13). We used the 
4DSQ to determine whether patients had symptoms of any of the four 
psychological disorders. We recorded the number of psychological disorders 
for which each patient met the criteria. 
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Variables, outcome measures, data sources, and bias 
The DASH questionnaire is a 30-item, self-report questionnaire designed to 
measure physical function and symptoms in people with any musculoskeletal 
disorder of the upper limb.11 The DASH has been shown to be reliable, valid 
and responsive in patients with shoulder disability. For ease of comparison 
with the other outcomes, we inverted the DASH score throughout the paper 
so that a higher score is indicative of better function. The Constant-Murley 
score (CMS) is a 100-points scale and divided into four subscales: pain (15 
points), activities of daily living (20 points), strength (25 points) and range of 
motion (40 points).7 Subjective findings (severity of pain, activities of daily 
living and working in different positions) of the participants are responsible for 
35 points and objective measurements (active range of motion and muscle 
strength) are responsible for the remaining 65 points. Pain intensity was 
measured by the use of the visual analog scale (VAS pain score), where a score 
of 0 points represents no pain and a score of 10 points represents unbearable 
pain. Patients were given a visual scale and asked to point to the best 
representation of their pain. VAS pain during rest, VAS pain during activity and 
VAS pain mean was obtained. 
 
Demographics, description of study population 
We included 500 patients in this analysis. Of those 500 patients, 52.6% 
(263/500) were male, 90.2% (451/500) had no history of previous shoulder 
surgery, and the mean age was 51.2 years (SD 15.6). Most patients (64.0%; 
320/500) had their dominant side affected.  The most common shoulder 
diagnoses were rotator cuff rupture (32.4%; 162/500) and glenohumeral 
instability (21.8%; 109/500). The mean VAS pain score during activity was 7.8 
(SD 2.1) and at rest was 1.7 (SD 1.9). Nearly one third of patients (31.6%; 
158/500) had one or more of the psychological disorders of interest (Table 1).      
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Table 1. Demographic Characteristics. 
Characteristic (N = 500) Number (%) 
Male 
Female 

263 (52.6) 
237 (47.4) 

Diagnosis 
    Rotator cuff rupture  
    Glenohumeral instability  
    Acromioclavicular joint pathology  
    Subacromial pain syndrome 
    Glenohumeral osteoarthritis     
    Frozen shoulder 

 
162 (32.4) 
109 (21.8) 
83 (16.6) 
80 (16.0) 
62 (12.4) 
4 (0.8) 

No previous surgery  
Previous surgery 

451 (90.2) 
49 (9.8) 

Right side affected 
Left side affected 

296 (59.2) 
204 (40.8) 

Dominant side affected 
Non-dominant side affected 

320 (64.0) 
180 (36.0) 

Mean age (years; SD) 51.2 (15.6) 
Median duration of symptoms (months; IQR) 18.0 (Q1-Q3: 10-48) 
4DSQ – Binary 
Distress 105 (21.0) 
Depression 41 (8.2) 
Anxiety 64 (12.8) 
Somatisation 81 (16.2) 
Any 158 (31.6) 
4DSQ – Continuous Mean (SD) 
Distress 6.5 (6.1) 
Depression 0.6 (1.8) 
Anxiety 1.3 (2.7) 
Somatisation 6.9 (5.4) 
VAS Pain 
During activity 7.8 (2.1) 
At rest 1.7 (1.9) 
Mean 5.0 (2.3) 

 
 
Table 2 shows the outcome scores (Constant-Murley and DASH) for all 
patients and broken down by the presence or absence of psychological 
disorders.  The mean Constant-Murley score for all patients was 52.9 (SD 
19.5). The mean DASH score, inverted so that a high score indicates better 
function, was 58.9 (SD 19.6). For all four outcome measures, the results are 
apparently better for patients without psychological disorders compared to 
those with psychological disorders. 
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Table 2. Outcome Scores by Psychological Disorder. 
Psychological Disorder Mean CMS Mean DASH 

(inverted*) 
Standardized 
difference** 

Difference p 
Value 

No distress  
Distress 

55.2 (18.7) 
44.2 (20.0) 

62.0 (19.3) 
47.5 (16.6) 

0.03 (0.88) 
-0.13 (0.82) 

0.081 

No depression  
Depression 

53.6 (19.2) 
45.6 (21.1) 

59.8 (19.6) 
49.0 (17.7) 

0.01 (0.87) 
-0.13 (0.83) 

0.307 

No anxiety  
Anxiety 

54.4 (19.0) 
42.6 (19.5) 

60.6 (19.2) 
47.7 (19.0) 

0.01 (0.87) 
-0.04 (0.84) 

0.680 

No somatisation Somatisation 54.5 (19.5) 
44.7 (17.1) 

61.1 (19.5) 
47.9 (16.4) 

0.03 (0.88) 
-0.14 (0.78) 

0.115 

No psychological disorder  
Any psychological disorder 

56.2 (18.6) 
45.7 (19.4) 

63.2 (19.0) 
49.6 (19.6) 

0.05 (0.89) 
-0.10 (0.81) 

0.072 

All patients  52.9 (19.5) 58.9 (19.6) 0.00 by 
definition 

-- 

*The DASH score is inverted so that a higher score means better function 
**Difference between DASH and Constant-Murley converted to standardized z scores 

 
 
Statistical analysis, study size 
We analyzed patient demographics and outcome data for the whole sample 
descriptively using counts and percentages for categorical data and for 
continuous outcomes we used mean and standard deviation (SD) or median 
and interquartile range (IQR) as appropriate for the distributions. We also 
present mean outcome scores for patients with and without each psycho-
logical disorder. To determine if there is a “mismatch” between the DASH and 
Constant-Murley scores and whether the mismatch is greater for patients with 
psychological symptoms, we converted the Constant-Murley and DASH scores 
to z scores for standardization. We then calculated the difference between 
the standardized Constant-Murley and DASH score and compared the mean 
scores for patients with and without psychological disorders using 
independent t-tests.  We performed a multivariable linear regression analysis 
for each of the outcomes (DASH and Constant-Murley) to assess the influence 
of each of the psychological symptoms on the outcome score. We determined 
a priori that we would adjust for age, sex, duration of symptoms, previous 
shoulder surgery, dominant side, and shoulder diagnosis. We explored 
multicollinearity using variance inflation factor statistics, using an a priori 
threshold of VIF >10 for presence of multicollinearity. We used partial F tests 
to determine the relative contribution of the psychological disorders in the 
regression model. There were no missing data in the dataset. Statistical 
analyses were completed using Stata version 13.1. 
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Results 
 
1 To what extent do four common psychological symptoms (depression, 

anxiety, somatization and psychological distress) influence a subjective 
functional measure (DASH score) and a functional measure with more 
objective measurements (Constant-Murley score) in patients scheduled 
for shoulder surgery? 

 
Table 3 shows the results of the adjusted analysis for the DASH score 
(inverted). Female gender, previous surgery, dominant side affected, and an 
increasing number of psychological disorders were all significantly associated 
with worse DASH scores, and glenohumeral instability was associated with 
better DASH scores. Age, other diagnoses, and duration of symptoms were 
not associated with the DASH score. We found no evidence of serious 
multicollinearity with VIF statistics.  
 
 
Table 3. Adjusted Analyses – inverted DASH. 
Factor Coefficient 95% CI p Value 
Female gender -9.78 -12.83 to -6.71 < 0.001 
Age -0.08 -0.23 to 0.07 0.277 
Diagnosis 
    Rotator cuff rupture 
    Glenohumeral instability 
    AC joint pathology 
    Glenohumeral osteoarthritis 
    Frozen shoulder 
    Subacromial pain syndrome 

 
-2.99 
10.69 
4.45 
-3.65 

-11.04 
REF 

 
-7.75 to 1.78 
5.12 to 16.25 
-0.71 to 9.60 
-9.78 to 2.48 

-27.79 to 5.72 
REF 

 
0.218 

<0.001 
0.091 
0.242 
0.196 
REF 

Previous surgery -4.99 -9.94 to -0.04 0.048 
Dominant side affected -3.26 -6.35 to -0.17 0.039 
Duration of symptoms 0.02 -0.02 to 0.05 0.289 
Number of psychological disorders 
    0 
    1 
    2 
    3 
    4 

 
REF 

-8.79 
-10.21 
-13.92 
-15.65 

 
REF 

-12.87 to -4.71 
-15.88 to -4.54 
-20.43 to -7.41 
-24.96 to -6.33 

 
REF 

<0.001 
<0.001 
<0.001 
0.001 

REF = reference category 

 
 
  



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 131PDF page: 131PDF page: 131PDF page: 131

6

131

 
 

Table 4 shows the results of the adjusted analysis for the Constant-Murley 
score. Female gender, age, glenohumeral osteoarthritis, frozen shoulder, and 
an increasing number of psychological disorders were all significantly 
associated with worse Constant-Murley scores, and glenohumeral instability 
was associated with better Constant-Murley scores. Other diagnoses, previous 
surgery, dominant side affected, and duration of symptoms were not 
associated with the Constant-Murley score. We found no evidence of serious 
multicollinearity with VIF statistics. 
 
 
Table 4. Adjusted Analyses - Constant-Murley. 
Factor Coefficient 95% CI p Value 
Female gender -9.12 -11.83 to -6.41 <0.001 
Age -0.33 -0.46 to -0.20 <0.001 
Diagnosis 
    Rotator cuff rupture 
    Glenohumeral instability 
    AC joint pathology 
    Glenohumeral osteoarthritis 
    Frozen shoulder 
    Subacromial pain syndrome 

 
-2.47 
9.46 
3.87 

-10.40 
-23.59 

REF 

 
-6.68 to 1.75 
4.54 to 14.38 
-0.69 to 8.44 

-15.82 to -4.98 
-38.41 to -8.76 

REF 

 
0.250 

<0.001 
0.096 

<0.001 
0.002 
REF 

Previous surgery -3.34 -7.72 to 1.04 0.135 
Dominant side affected 1.34 -1.39 to 4.08 0.335 
Duration of symptoms 0..2 -0.01 to 0.05 0.204 
Number of psychological disorders 
    0 
    1 
    2 
    3 
    4 

 
REF 

-3.80 
-8.34 
-7.63 

-12.05 

 
REF 

-7.41 to -0.19 
-13.35 to -3.32 
-13.39 to -1.87 
-20.29 to -3.81 

 
REF 

0.039 
0.001 
0.010 
0.004 

REF = reference category 

 
 
2 Is there a mismatch between the subjective and objective measures 

and whether the difference is greater for patients with psychological 
symptoms compared to patients without psychological disorders? Our 
hypothesis is that there is a greater mismatch between subjective and 
objective measures among patient with psychological symptoms 
compared to patients without psychological symptoms. 
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Partial F tests (Table 5) showed that our full model (with psychological 
symptoms included) was able to predict 40% of the variance in Constant-
Murley scores and 27% for the DASH scores. For the DASH score, the full 
model with psychological symptoms was able to account for nearly 7% more 
variance than a reduced model without psychological symptoms included (this 
was significant; p<0.001). For the Constant-Murley score, psychological 
symptoms added significant value (p<0.001) compared to the reduced model, 
but less so than with the DASH (3% more variance explained). 
 
 
Table 5. Partial F Tests. 
Dependent Variable R2 - model without 

psychological symptoms 
R2 - model with 

psychological symptoms 
Change in R2 

DASH 0.2052 0.2731 0.0679 
 

Constant-Murley 0.3699 0.4022 0.0333 
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Discussion 
 
Background and rationale 
PROMs are outcome measures that have become very popular because they 
allow a more patient-centered view in treatment evaluation. A number of 
disease and joint-specific PROM assessment instruments have been 
developed for use in orthopaedic conditions.3,5,8,9 These outcome 
questionnaires focus mainly on the patient’s function in typical activities of 
daily living, pain and joint function. In adjusted analyses, we found a strong 
relationship between the number of psychological disorders and the pre-
operative Constant-Murley score and the DASH score. In fact, as the number 
of psychological disorders increases, there is an associated decline in pre-
operative functional outcomes showing a dose-response type relationship. 
Our multivariable models showed that psychological disorders significantly 
contribute to explaining the variance in pre-operative functional outcomes, 
especially for the DASH. Although these shoulder scores aim to measure 
specific physiological dimensions like pain, stiffness, function or joint 
awareness, our results suggest that they considerably reflect patients’ 
psychological status as well. This finding is perhaps even more evident when 
using a more subjective outcome like the DASH compared to a more objective 
measure like the Constant-Murley score. 
 
Limitations 
The major strength of our study is the prospectively collected data and the 
large sample size. We used validated orthopaedic clinical outcome scores and 
a psychological questionnaire validated for orthopaedic shoulder patients. We 
included a heterogeneous study population with shoulder complaints that had 
different diagnoses, pain levels, functional disability and duration of 
symptoms, which could improve the generalizability of our findings. Some 
limitations have to be mentioned. The DASH score can be influenced by any 
disorder of the upper extremity; not just the shoulder disorder of interest in 
this study. There may be other factors, like comorbidities, workers’ 
compensation status, work status, education level, marital status and smoking 
that may affect DASH and Constant-Murley scores. However, we were able to 
account for a large proportion of the variance with the multivariable model 
that we used in this study. Psychological disorders in this study were defined 
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to be present if the patients scored medium or high risk on one of the 
domains of the 4DSQ. The 4DSQ questionnaire is a tool to identify psycho-
logical symptoms. However, having psychological symptoms is not the same 
as having a psychological illness. Psychological illnesses have to be diagnosed 
by a psychologist or psychiatrist using DSM-V criteria. However, the structured 
psychiatric interviews are too time-consuming and require a vast amount of 
expertise to be considered feasible for routine outpatient visits. We did not 
account for the use of antidepressants and whether patients were being 
treated by a psychologist or psychiatrist. 
 
1 To what extent do four common psychological symptoms (depression, 

anxiety, somatization and psychological distress) influence a subjective 
functional measure (DASH score) and a functional measure with more 
objective measurements (Constant-Murley score) in patients scheduled 
for shoulder surgery? 

 
Four common psychological symptoms were identified by the 4DSQ test. We 
observed that the number of psychological disorders is associated with the 
DASH score and Constant-Murley. The more psychological disorders patients 
have, the more they affect the DASH and Constant-Murley scores. This 
relationship was found with all four psychological domains. We are not aware 
of any previous study reporting this important relationship. As a result, it 
seems important to identify not only symptoms of depression and anxiety in 
shoulder patients, but also the clinical relevant symptoms of psychological 
distress and somatisation. 
The correlation between psychological symptoms and shoulder PROMs could 
be explained by the fact that orthopaedic patients experience pain and 
disability which can cause psychological distress and reduce quality of life. 
Psychological disorders can, on the other hand, result in worse physical 
outcome by interfering with patients’ compliance with treatment15,18 and 
affecting pain coping strategies.1,19,23 An alternative explanation to the overlap 
in mental and physical health parameters in these assessment tools is a failure 
of the patient-reported outcome measure to discriminate the overlapping 
physical and psychological constructs, resulting in poor divergent validity.10 
Poor orthopaedic shoulder outcome scores in patients with psychological 
symptoms can therefore reflect poor physical outcome, poor psychological 
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status, or both. The Constant-Murley score and DASH score are validated 
outcome measures and the validation status suggests that these scores 
measure specific dimensions like shoulder pain, function and activities. 
However, in patients with psychological symptoms the DASH score, and also 
the Constant-Murley score, considerably reflect patients’ psychological 
status.19,21 It is clearly desirable to use a diagnostic tool that both separates 
physical from psychological variables and enables one to assess orthopaedic 
physical function in isolation.10 In adjusted analyses, we found a significant 
association between psychological symptoms and the Constant-Murley score, 
indicating that psychological symptoms do have an influence on the Constant-
Murley score but likely to a lesser extent than on the DASH score.  
 
1 Is there a mismatch between the subjective and objective measures 

and whether the difference is greater for patients with psychological 
symptoms compared to patients without psychological disorders?  

 
The most commonly used shoulder outcome instruments reportedly yield 
varying scores even when used to evaluate similar disorders.4,22 Such 
variations could result from the degree to which the scores are influenced by 
psychological distress. We hypothesized that there would be a difference in 
how psychological symptoms impact the DASH compared to the Constant-
Murley because of the different construct of the two shoulder scores.  
For the Constant-Murley score, a previous study showed that patient-based 
assessments accounted for only 35% of the score (the remaining 65% was 
allocated to objective assessments of ROM and strength), whereas the DASH 
score is based wholly on patient-based or self-reported assessments. Only one 
previous study compared the influence of psychological symptoms on the 
Constant-Murley score and on the DASH score.21 They also observed that the 
DASH score was influenced more by psychological symptoms than the 
Constant-Murley score. In this study the Constant-Murley score was not 
correlated with psychological measures, the DASH score, however, was 
significantly correlated with symptoms of depression and anxiety. The authors 
concluded that patient-based outcome measures (like the DASH or Simple 
Shoulder Test) assessed physical impairment and psychological distress, but 
clinician-based outcome instruments (like the Constant-Murley score) did not 
reflect patients’ psychological distress.21 We cannot confirm their conclusion, 
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in our large study population the influence of psychological symptoms on the 
DASH score was higher than on the Constant-Murley score, but we did find an 
association between psychological symptoms and the Constant-Murley score.    
Several disease-specific orthopaedic scores are reported to correlate 
significantly with psychological variables.2,6,14,16,20 These studies analyzed the 
relationship between depressive symptoms and the DASH score and found 
that depressive symptoms (CESD-D) were moderately correlated with the 
DASH score and accounted for 23% of the variance of the DASH score. 
Furthermore, the CES-D scores were found to account for more variance in 
DASH scores (a measure of perceived disability) than other objective clinical 
measurements, such as muscle strength and range of motion. Ring19 observed 
a significant moderate correlation between the DASH score and depression in 
patients with elbow and wrist pathology. In another study by Niekel et al.,17 
symptoms of depression, catastrophizing, and anxiety accounted for up to 
23% of the variation in DASH score. Roh21 studied to what degree shoulder 
outcome instruments reflect patients’ psychological distress. They found that 
Constant-Murley scores did not correlate with psychological measures, 
whereas DASH scores correlated with PASS and CES-D. Psychological distress 
contributed to worsening DASH scores but not worsening Constant-Murley 
scores. DASH scores were more strongly influenced by pain, anxiety, and 
depression than the Constant-Murley score.  
In a multivariable regression analysis, a model containing only psychological 
variables explained 17% of the variation in DASH scores. Two studies 
concluded that a large variability in DASH scores in upper extremity disorders 
seemed to arise from psychosocial rather than physical factors.19,21 This is 
congruent with the findings of the current study where we found that adding 
psychological disorders to the model significantly improved the model. This 
model improvement was greater for the DASH than for the Constant-Murley 
score, which is also congruent with previous findings and our hypothesis. 
However, in our unadjusted analysis, these differences were not statistically 
significant.     
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Conclusions 
Psychological symptoms significantly affect pre-operative functional 
measures. There is some evidence that psychological symptoms influence the 
DASH score (a subjective outcome) more than the Constant-Murley score (a 
more objective outcome). The number of psychological disorders are clinically 
important: the more psychological disorders patients have, the worse DASH 
and Constant-Murley scores they have. Clinicians should be aware of the 
contributions made by psychological symptoms to these outcome instruments 
when making decisions regarding treatment priorities or interpreting 
treatment outcomes. 
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Chapter 7 
 
 
The influence of psychological symptoms on the minimal clinically important 
difference of the DASH score. 
 
Koorevaar CT, Kleinlugtenbelt YV, Landman EBM, Riet van ‘t E, Bulstra SK 
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Abstract 
 

Background 
Psychological symptoms are frequently present in patients scheduled for 
shoulder surgery. The perception of functional disability, activity level, and 
pain in the shoulder is negatively influenced by psychological symptoms, 
which leads to higher scores of the Disabilities of the Arm, Shoulder and Hand 
questionnaire (DASH). The aim of this study was to determine the influence of 
psychological symptoms on the minimal clinically important difference (MCID) 
of the DASH score in patients after shoulder surgery. 
 
Methods 
In this prospective longitudinal cohort study 176 patients were included. 
Group 1 (32 patients) had symptoms of psychological disorders before and 
after surgery, Group 2 had no symptoms of psychological disorders (110 
patients). In the remaining patients (34 patients) psychological disorders 
changed after surgery. Clinical outcome was measured with the change of 
DASH score and anchor questions for perceived improvement of pain and 
function after surgery. Symptoms of psychological disorders were identified 
with the Four-Dimensional Symptom Questionnaire. An anchor-based mean 
change score technique was used to determine the MCID of the DASH score. 
 
Results 
DASH scores before and 12 months after shoulder surgery were significantly 
higher in patients with symptoms of psychological disorders; change of DASH 
score was not different between the two groups. The MCID of the DASH score 
was 13.0 [SD 20.7] in the group with symptoms of psychological disorders and 
12.7 [SD 17.6] in the group with no symptoms of psychological disorders. We 
observed no difference (p=0.559) in the MCID between the group with and 
the group without symptoms of psychological disorders. 
 
Conclusion 
Symptoms of psychological disorders had a negative effect on the DASH score 
but no influence on the MCID of the DASH score in our study population. 
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Introduction 
 
Psychological symptoms are frequently present in patients scheduled for 
shoulder surgery.1-3 
The influence and relationship of psychological symptoms with clinical 
outcome after shoulder surgery has been studied but not clearly defined. 
Psychological symptoms may have a role in the etiology, perceived disability 
and pain, and the outcome of treatment of shoulder complaints. The 
Disabilities of the Arm, Shoulder and Hand questionnaire (DASH) is one of the 
most frequently used PROMs for the shoulder. The perception of functional 
disability, activity level, and pain in the shoulder is negatively influenced by 
psychological symptoms, which leads to higher DASH scores.3-6 The minimal 
clinically important difference (MCID) is defined as the smallest measured 
change score that patients perceive to be important.7-9 The MCID of the DASH 
score has been assessed in the general shoulder population.8-14 To our know-
ledge it is unknown if psychological symptoms influence the magnitude of the 
MCID of the DASH score. In order to interpret the DASH change score after 
treatment of shoulder symptoms in patients with and without psychological 
symptoms, it seems important to assess if the MCID is different in patients 
with psychological symptoms compared to patients with no psychological 
symptoms. 
The aim of this study was to determine the influence of psychological 
symptoms on the MCID of the DASH score in patients treated with shoulder 
surgery. Our hypothesis was that psychological symptoms have a negative 
impact on the magnitude of the DASH score before and after shoulder surgery 
and that the MCID will be different in patients with and without psychological 
symptoms. 
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Methods 
 
Design and study population 
This study was a prospective longitudinal cohort study. We included all 
consecutive patients that were planned for elective shoulder surgery in a one 
and a half year period (January 2012 until May 2013). Operating procedures 
were carried out in a general teaching hospital by a single surgeon and his 
supervised trainees. Patients were considered eligible for the study if they 
were scheduled for elective shoulder surgery and were at least sixteen years 
of age. Exlusion criteria were: diagnostic shoulder arthroscopy, shoulder 
arthrodesis and unable to complete questionnaires because of language or 
cognitive disorders. If patients were re-operated or sustained a shoulder 
fracture within the follow-up period, they were excluded. Participants were 
informed about the study using a patient information letter and patients had 
the opportunity to ask questions about the study. Then, informed consent was 
received orally and formally recorded. Approval for this study was obtained 
from the Regional Medical Ethical Committee Isala Hospital, Zwolle, the 
Netherlands. Number 14.11151. 
 
Measurements 
Prior to elective shoulder surgery, orthopaedic patients were seen two to 
three weeks before surgery at an outpatient clinic by an independent 
physiotherapist from our shoulder unit. Demographic and clinical variables, 
including the DASH and Four-Dimensional Symptom Questionnaire (4DSQ) 
were obtained. The orthopaedic surgeons and physiotherapists involved in the 
treatment of the patient were blinded to the results of the psychological 
questionnaire (4DSQ) to minimize bias. After one year, data were obtained 
using a web-based system. The patients completed an online questionnaire at 
home containing the DASH, 4DSQ and the anchor question pain and function. 
If the patient did not respond to our request to fill in the postoperative 
questionnaire, a telephone interview by an independent research nurse was 
conducted with the two anchor questions about pain and function. All data 
were collected independently by the research unit of our Orthopaedic 
Department, using standardized case report forms and a study-specific 
database.  
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Outcome measures 
 
The Disabilities of the Arm, Shoulder and Hand (DASH) score 
The DASH is a 30-item self-report questionnaire designed to measure physical 
function and symptoms in people with musculoskeletal disorders of the upper 
limb.15 The DASH questionnaire has been shown to be reliable, valid and 
responsive in patients with shoulder disability16 and has been validated in 
Dutch for patients with a disorder of the upper limb.17 
 
Four-Dimensional Symptom Questionnaire (4DSQ) 
The 4DSQ is a psychological questionnaire validated in orthopaedic shoulder 
patients.1 The 4DSQ is a 50-item self-report questionnaire that identifies four 
psychological disorders: distress, depression, anxiety and somatization.18 The 
distress scale measures people’s most general, most basic response to stress 
of any kind, be it work or family demands, psychosocial difficulties or life 
events. The depression and anxiety scales identify specific symptoms of 
depressive and anxiety disorders that are severe enough to warrant specific 
treatment. The somatisation scale measures symptoms associated with 
somatic stress. Psychological disorders in this study were defined to be 
present if the patients scored medium or high risk on (one of the items of) the 
4DSQ.18,19 The 4DSQ was equally able to detect depressive and anxiety 
disorders as the Hospital Anxiety Depression Scales.19 A Dutch and an English 
version of the 4DSQ has been validated.20 
 
Anchors 
An anchor is a global rating scale in which patients are asked in a single 
question to indicate how much their function (functional anchor) or pain (pain 
anchor) has changed since baseline.7,21 The response options are: completely 
recovered (7), much improved (6), slightly improved (5), unchanged (4), 
slightly worse (3), much worse (2) and worse than ever (1). Specific 
instructions to the patients were: try to remember how painful and how 
limited your shoulder function was before the surgery, how has the pain or 
functioning of your shoulder changed compared to the first time you 
completed this questionnaire? 
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Statistical analysis 
The DASH change scores were calculated by subtracting each patient’s 12 
months after surgery score from the baseline (before surgery) score and were 
then used to determine the MCID using an anchor-based mean change score 
technique.22,23 There are different measurement techniques to calculate the 
MCID of the DASH score.24 We choosed the anchor-based mean change 
method because this method is most frequently used.8-10,12,13 The anchor 
scores were used to categorize patients into seven subgroups, varying from 
completely recovered to worse than ever. DASH change scores were 
calculated in each of the seven subgroups. The MICD was defined as the mean 
change score in the subcategory of patients who were ‘slightly improved’ 
according to the anchor scores.7,22 The DASH score primarily assesses shoulder 
function; therefore, we compared these change scores only to the functional 
anchor. We performed independent samples t-tests to compare two groups: 
Group 1 included patients with one or more psychological disorders before 
and 12 months after surgery, Group 2 included patients with no psychological 
disorders before and 12 months after surgery. We decided not to study 
patients with a change of psychological disorders after surgery, because in 
these patients only one of the DASH scores before or after surgery were 
influenced by the psychological disorders, maybe confounding possible 
associations.  
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Results 
 
Figure one presents a flow diagram with study enrolment and follow up. In the 
study period 205 patients were included. Twenty three patients (11.6%) were 
unwilling to fill in the postoperative questionnaire and completed a telephone 
interview with our research nurse including the anchor questions. Six patients 
were lost to follow up; one of these patients died in the study period, which 
was not related to the shoulder operation. Preoperative DASH score and 
patients’ perceived improvement of pain and function after shoulder surgery 
(anchor questions) were not different in the group who completed a 
telephone interview compared to the group who filled in the postoperative 
questionnaire.  
The total study population consisted of 176 patients. 110 patients did not 
have any psychological disorders before or after surgery (Group 1) and 32 
patients had psychological disorders both before and after surgery (Group 2). 
In the remaining patients (34 patients) psychological disorders changed after 
surgery. These patients were excluded from the analysis. Preoperative 
psychological disorders disappeared after surgery in 18 patients and new 
psychological disorders were observed in 16 patients. Demographic and 
clinical data of Group 1 and Group 2 are presented in Table 1.  
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Table 1. Demographic and clinical data of patients in Group 1 and Group 2. 
 Group 1 

N = 32 
Group 2 
N = 110 

P value 

Mean age (yr; SD) 57.7 (13.7) 50.7 (15.5) P=0.017 
Male gender (no. [%]) 10 (31%) 70 (64%) P=0.002 
Duration of symptoms (months; SD) 35.2 (42.7) 34.0 (51.4) P=0.893 
History of surgery (no. [%]) 7 (22%) 10 (9%) P=0.004 
Diagnosis: 
      Subacromial pain syndrome 
                   n = 17 

 
3   (9%) 

 
9     (8%) 

P=0.042 
 

      Rotator cuff rupture 
                   n = 68 

13 (41%) 41   (37%)  

      Glenohumeral instability 
                   n = 39 

3   (9%) 30   (27%)  

      AC osteoarthritis 
                   n = 20   

2   (6%) 16   (15%)  

      Glenohumeral osteoarthritis 
                   n = 29 

10 (31%) 13   (12%)  

      Frozen shoulder 
                    n = 3  

1   (3%) 1     (1%)  

DASH preop 55.5 (19.8) 35.3 (21.2) P<0.001 
DASH postop 34.8 (20.5) 12.1 (12.1) P<0.001 
DASH change -20.7 (21.7) -23.3 (22.1) P=0.559 
Group 1: preoperative and postoperative one or more psychological disorders.  
Group 2: preoperative and postoperative no psychological disorders. 

 
 
In Group 1 significantly more females were present (p=0.002), patients were 
older (p=0.017), patients more frequently had a history of previous surgery 
(p=0.004) and more often had glenohumeral osteoarthritis as the primary 
diagnosis (p=0.042). Glenohumeral instability was less frequently encountered 
and duration of symptoms were not different between the two groups. DASH 
scores before and 12 months after shoulder were significantly higher in 
patients with symptoms of psychological disorders (before surgery: patients 
with psychological disorders DASH score 55.5 [SD 19.8], patients without 
psychological disorders DASH score 35.3 [SD 21.2] (p<0.001); 12 months after 
surgery: patients with psychological disorders DASH score 34.8 [SD 20.5], 
patients without psychological disorders DASH score 12.1 [SD 12.1] (p<0.001). 
Change of DASH score was not different (p=0.559) between the two groups. 
Previous shoulder surgery and the distribution of shoulder diagnoses could 
not explain the difference in DASH scores between the two groups. Symptoms 
of psychological disorders were encountered in all various shoulder diagnoses 
(Table 2). 
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Table 2. Psychological disorders and change of DASH score in various shoulder 
diagnoses (n = 176). 
 
 
 
Diagnosis 

Group 
11 (n;%) 
n = 32 

Group 
22 

(n; %) 
n = 110 

Others3 

( n;%) 
 

n = 34 

DASH 
preop 

DASH 
postop 

Change 
of DASH 

score 
(mean; 

SD) 
Subacromial pain syndrome 
      n = 17 (10%)     
 

3 (18%) 9 (53%) 5 (29%) 39.6 
(20.9) 

16.3 
(20.7) 

-23.4 
(20.4) 

Rotator cuff rupture                
      n = 68 (39%) 
 

13 
(19%) 

41 
(60%) 

14 (21%) 45.6 
(20.9) 

17.8 
(15.1) 

-27.8 
(22.5) 

Glenohumeral instability            
      n = 39 (22%) 
 

3 (8%) 30 
(77%) 

6 (15%) 21.9 
(14.9) 

12.5 
(12.9) 

-9.4 
(16.9) 

AC osteoarthritis 
      n = 20 (11%)    
 

2 (10%) 16 
(80%) 

2 (10%) 43.6 
(1.91) 

16.5 
(18.2) 

-27.1 
(21.4) 

Glenohumeral osteoarthritis 
      n = 29 (16%)  
 

10 
(34%) 

13 
(45%) 

6 (21%) 51.1 
(22.0) 

27.7 
(21,].7) 

-22.4 
(19.4) 

Frozen shoulder 
      n = 3 (2%)    

1   
(33%) 

1     
(33%) 

1     (33%) 61.3 
(16.6) 

43.7 
(44.1) 

-17.7 
(29.2) 

1 patients with psychological disorders before and after shoulder surgery 
2 patients with no psychological disorders before and after shoulder surgery 
3 patients with psychological disorders before surgery and no psychogical disorders after surgery and 
patients with no psychological disorders before surgery and new psychological disorders after surgery 

 
 
Minimal clinically important difference 
The mean change scores per subgroup based on the functional anchor are 
presented in Table 3. The numbers of patients in the ‘unchanged’ and ‘worse’ 
categories were too small to calculate the mean change scores. The mean 
change score of the slightly improved group was used to determine the MCID 
of the DASH. The MCID was 13.0 [SD 20.7] in the group with symptoms of 
psychological disorders and 12.7 [SD 17.6] in the group with no symptoms of 
psychological disorders. We observed no difference (p=0.559) in the MCID 
between the group with and the group without symptoms of psychological 
disorders.  
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Table 3. Anchor question function in Group 1 and Group 2. 
 
 
 
 
 
 
 
 
Functional anchor 

No psychological disorders 
before and after surgery 

 
n = 110 

 
Number (%) 

Change of DASH score 
(mean; SD) 

 

Psychological disorders 
before and after surgery 

 
n = 32 

 
Number (%) 

Change of DASH score 
(mean; SD) 

 

 
 
 
 
 
 

p-value 

 
Completely recovered 

 
45 (41%) 

 
-28.3 (24.5) 

 
4 (13%) 

 
-45.5 (26.3) 

 
p = 0.284 

 
Much improved 

 
44 (40%) 

 
-24.3 (19.3) 

 
16 (50%) 

 
-20.9 (14.9) 

 
p = 0.483 

 
Slightly improved 

 
14 (13%) 

 
-12.7 (17.6) 

 
6 (19%) 

 
-13.0 (21.7) 

 
p = 0.978 

 
Unchanged 

 
5 (5%) 

 
* 

 
2 (6%) 

 
* 

 
* 

 
Slightly worse 

 
1 (1%) 

 
* 

 
1 (3%) 

 
* 

 
* 

 
Much worse 

 
1 (1%) 

 
* 

 
3 (9%) 

 
* 

 
* 
 

 
Worse than ever 

 
0 (0%) 

 
* 

 
0 (0%) 

 
* 

 
* 

* numbers too small to calculate  
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Discussion 
 
The aim of this study was to determine the influence of psychological 
symptoms on the MCID of the DASH score in patients treated with shoulder 
surgery. No difference in the MCID of the group with symptoms of 
psychological disorders was found compared to the group without symptoms 
of psychological disorders. Although symptoms of psychological disorders had 
a significant negative effect on the magnitude of the DASH score, it had no 
effect on the MCID in our study population. The MCID of the DASH score could 
therefore be used in all patients after shoulder surgery, irrespective of the 
presence of psychological symptoms. 
Monitoring the effects of treatment is of well-recognized importance and is 
the foundation of modern evidence based health care.10 In our study 
population and in other studies,3-5 DASH scores were significantly worse in 
patients with psychological symptoms. This effect could not be explained by 
differences in age, gender, duration of symptoms or diagnosis, but seems to 
reflect the negative influence of psychological symptoms on the DASH score. 
In order to interpret clinical outcome, the influence of psychological 
symptoms on the outcome measurement instrument should be taken into 
account.6 
Three clinical studies have investigated if preoperative psychological disorders 
were associated with functional outcomes after shoulder surgery.6,25,26 They 
all showed that functional outcomes after shoulder surgery were not 
negatively influenced by preoperative psychological symptoms. Shoulder 
surgery resulted in a significant change in DASH scores after surgery in most 
patients irrespective of the presence of psychological symptoms before 
surgery.6,25,26 It is however important to know if a certain change in DASH 
score indicates the same perceived improvement in patients with and patients 
without psychological symptoms. We observed that the DASH change score 
which patients perceived to be important was not different in patients with 
and without psychological symptoms. This means that the MCID of the DASH 
score could be used in all patients after shoulder surgery, irrespective of the 
presence of psychological symptoms. Although there is debate in literature 
about the best measurement technique to calculate the MCID of the DASH 
score,24 the anchor-based mean change method is most frequently used.8-

10,12,13 There is no international consensus on the optimal cut-off point on an 



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 152PDF page: 152PDF page: 152PDF page: 152

152

 
 

anchor; however, we think that the slightly improved group best reflects a 
minimally important change opposed to the much improved group. Previously 
published MCID of the DASH score range from 10 to 13.10-13 All these studies 
were performed in heterogeneous study populations, with study samples 
ranging from 53 to 361 patients. 
There are some limitations that have to be mentioned. First, the study sample 
was relatively small, especially in the group of patients with psycho-logical 
symptoms before and after surgery. The perceived improvement of pain and 
function 12 months after shoulder surgery was good to excellent in most 
patients, leaving a small number of patients with unchanged or worse clinical 
results. Further studies with larger study samples should include more 
patients reporting inferior clinical outcomes, for example including patients 
treated conservatively or patients after shoulder surgery but with a shorter 
follow-up period.  
Second, the 4DSQ questionnaire is a tool to identify psychological symptoms. 
However, having significant psychological symptoms is not the same as having 
a psychological illness. Psychological disorders have to be diagnosed by a 
psychologist or psychiatrist using DSM-V criteria. We did not account for the 
use of antidepressive medication and if patients are treated by a psychologist 
or psychiatrist during the study period.  
Third, we used a heterogeneous population for calculation of the MCID. We 
included a heterogeneous patient population with shoulder complaints, with 
different diagnoses, operations, levels of pain and functional disability and 
duration of symptoms. Psychological symptoms were observed in all various 
shoulder diagnoses before surgery. There is no evidence in the literature that 
the MCID differs among (sub)populations with different diagnoses and 
surgical or non-surgical treatment, but it has been suggested that this should 
be evaluated.24,27 We could not perform subgroup calculations in our study 
population because the subgroups would be too small. The advantage of using 
a heterogeneous cohort is that it provides a MCID estimation that can be used 
in all kinds of shoulder disorders. Future studies should investigate if and how 
the MCID varies among shoulder subgroups. We only studied the MCID and 
did not measure the smallest detectable change (SDC). In order to calculate 
the smallest detectable change (SDC) two measurements of a study 
population at two time periods close together are needed, we only measured 
patients before and 12 months after surgery. As the MCID observed in the two 
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groups of our study population (MCID 13) are within the range of previously 
published MCID of the DASH score (range from 10 to 13),10-14 we assume that 
the SDC of our study population might be also in the range of these reports 
(range from 10 to 16).10,12-14 
 
Conclusion 
Symptoms of psychological disorders in patients treated with shoulder surgery 
seem to have a negative effect on the magnitude of the DASH score but did 
not influence the MCID of the DASH score. This means that the MCID of the 
DASH score could be used in all patients after shoulder surgery, irrespective of 
the presence of psychological symptoms.  
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Chapter 8 
 
 
The development of the Patient Expectations of Shoulder Surgery (PESS) 
survey.  
 
Rinco CT. Koorevaar, Tsjitske Haanstra, Esther van ‘t Riet,  Okke FO Lambers 
Heerspink, Sjoerd K. Bulstra. 
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Abstract 
 
Background 
Patient satisfaction following a surgical procedure is dependent by meeting 
preoperative expectations. There is currently no patient expectations survey 
available for patients undergoing shoulder surgery that is validated, reliable 
and easy to use in daily practice. The aim of this study was to develop a 
patient expectations of shoulder surgery (PESS) survey. 
 
Methods 
In 315 patients, answers to an open ended question about patient 
expectations were collected before shoulder surgery to develop the PESS 
survey. Patients expectations of the PESS survey were associated with clinical 
outcome (change of Disabilities of the Arm, Shoulder and Hand score). 
Content validity was assessed by an expert panel of 10 patients scheduled for 
shoulder surgery and test-retest reliability was evaluated. 
 
Results 
Six items were included in the PESS survey: ‘pain relief’, ‘improved range of 
motion’, ‘improved ability to perform daily activities’, ‘improved ability to 
perform work’, ‘improved ability to participate in recreational activities and 
sports’ and ‘stop shoulder from dislocating’. Three of the six expectations 
were significantly associated with clinical outcome after shoulder surgery: 
‘relief of pain’ (p = 0.003), ‘improved ability to perform daily activities’  
(p = 0.015) and ‘no more dislocation’ (p = 0.015). Content validity was 
assessed by an expert panel of shoulder patients scheduled for shoulder 
surgery. Test-re-test reliability was high with an Intraclass Correlation 
Coefficient (ICC) of 0.52 to 0.92 
 
Discussion 
The PESS survey is a valid and reliable survey that can be used in future clinical 
research and in daily orthopedic practice. We believe that the preoperative 
evaluation of patient expectations should be a standard procedure before 
shoulder surgery. 
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Introduction 
 
Clinical outcomes and patient satisfaction after orthopedic surgical treatment 
are dependent on patients expectations before surgery.1-6 In the orthopedic 
literature, patients’ expectations are frequently studied before total knee and 
total hip replacement (reference). In shoulder surgery, three studies found a 
positive association between preoperative expectations before rotator cuff 
surgery and self-assessed clinical outcome.1-3 These studies used the 
Musculoskeletal Outcomes Data Evaluation and Management System 
(MODEMS) scoring system to measure patient’s expectations, however this 
scoring system was not developed nor validated for that purpose. Mancuso 
developed the 17-item Hospital for Special Surgery Shoulder Surgery 
Expectations Survey.7 This survey was used in two additional studies to 
correlate preoperative expectations with preoperative self assessed functional 
outcome and demographic variables.8,9 A survey with 17 items requires a 
reasonable amount of time to complete and, in our opinion, makes it difficult 
to analyze which patient expectations are most relevant.  
As both higher preoperative expectations and meeting patients’ expectations 
after shoulder surgery seem to be associated with clinical outcome and 
patient satisfaction, more research is needed concerning patient expectations 
before shoulder surgery. Patients’ expectations may differ and be specific to 
body parts, clinical conditions and interventions. We therefore think it is 
important that in both clinical practice and future studies, patient 
expectations before shoulder surgery should be assessed with a shoulder-
specific, valid and reliable measurement instrument. The aim of this study was 
therefore to develop a new shoulder expectations survey. This survey should 
contain only the most relevant patient expectations before shoulder surgery, 
should be validated and reliable, and related to clinical outcomes. The survey 
should also be easy to use to facilitate shoulder surgeons to discuss 
expectations with the individual patient to find the best available treatment 
option.  
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Materials and Methods 
 
This study was conducted in 4 phases (Table 1), using the standards by the 
COSMIN group (international consensus on taxonomy, terminology, and 
definitions of measurement properties).10,11  
 
 
Table 1. Flow diagram outlining the 4 study phases. 
Phase 1 Phase 2 Phase 3 Phase 4 
identifying patient 
expectations and 
developing the draft 
PESS survey 

association 
expectations draft 
survey with clinical 
outcome 

testing content 
validity and 
developing final PESS 
survey 

testing test-retest 
reliability PESS survey 

Based on interviews 
with open-ended 
questions in 315 
patients 

Based on data of 
patients in phase 1 

Based on expert panel 
of 10 patients 
scheduled for shoulder 
surgery 

Based on administration 
of the survey to a new 
sample of 50 patients 

  
 
First, patient expectations before surgery were identified and the Patients 
Expectations of Shoulder Surgery survey (PESS) was developed. Second, the 
association of expectations with clinical outcome after shoulder surgery was 
analyzed. Third, the content validity of the PESS was determined. Fourth, the 
reliability of the PESS was assessed. Participants were informed about the 
study using a patient information letter and patients had the opportunity to 
ask questions about the study. Then, informed consent was received orally 
and formally recorded. Approval for this study was obtained from the 
Regional Medical Ethical Committee Isala Hospital, Zwolle, the Netherlands. 
Number 14.11151. The study was conducted in 4 phases (Table 1). 
 
Phase 1: Identifying patient expectations and developing the PESS survey 
 
Obtaining baseline information and expectations 
We prospectively collected patients’ expectations of all consecutive adult 
patients (age 16+) that were planned for all types of elective shoulder surgery 
between 1-1-2011 and 31-5-2013. Patients were recruited from a single 
general teaching hospital with two shoulder surgeons. 422 patients were 
eligible in the study period.  Of these, 77 patients refused to participate, 6 
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patients were excluded because they were unable to complete the 
questionnaires because of language problems and the expectations of 4 
patients were not registered completely during the preoperative assessment. 
The expectations of 20 patients were too vague or could not articulate their 
expectations and were therefore excluded, leaving a study group consisting of 
315 patients. If patients underwent more than one operation on one or both 
shoulders in the study period, only the first operation was included.  
Patients were assessed by an independent physiotherapist at our shoulder 
unit two to three weeks before surgery. Patients were asked an open-ended 
question: “What are your expectations of the surgery you are going to have on 
your shoulder.” The patient’s response was written down in a brief and 
compact summary. Then, the physiotherapist asked the patient if this 
summary correctly reflected the expectations of the patient regarding 
shoulder surgery. The expectations of patients were collected using 
standardized case report forms and transferred into a study-specific database. 
In addition, the following preoperative demographic and clinical variables 
were collected: age, gender, dominant side, duration of shoulder complaints, 
and whether the patient has a history of surgery on the same shoulder. 
The DASH score was chosen to measure patient-reported clinical outcome. 
The DASH questionnaire is a 30-item, self-report questionnaire designed to 
measure physical function and symptoms in people with any of several 
musculoskeletal disorders of the upper limb.12 The DASH has been shown to 
be reliable, valid and responsive in patients with shoulder disability,4 and has 
been validated in Dutch for patients with a disorder of the upper limb.5  
Psychological symptoms before surgery were identified with the Four-
Dimensional Symptom Questionnaire (4DSQ), a psychological questionnaire 
validated for orthopedic shoulder patients.2 The 4DSQ is a 50-item self-report 
inventory that identifies four common psychological symptoms: distress, 
depression, anxiety and somatisation.13    
 
Analyzing patients’ expectations 
All open-ended responses were reviewed with qualitative techniques to 
ascertain major themes or concepts.12,14-16 Two experienced shoulder 
surgeons independently examined the blinded open-ended responses and 
categorized the expectations based on the major themes they represented. 
The aim was to limit the number of categories of expectations to a maximum 
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of eight, in order to develop a compact and practical survey with a small 
number of items. All open-ended responses were then reviewed again by both 
reviewers using a consensus-based process and coded by category. 
Frequencies of categories were calculated. 
 
Assembling the draft survey 
Each reviewer independently developed a list of survey items, based on the 
most frequently cited expectation categories. The two reviewers’ lists of 
survey items were put together and the draft survey was finalized by 
discussing the items and achieving consensus. The most frequently cited 
categories of expectations were included in the draft survey. Categories were 
only selected if they had been cited by 5% or more of patients, as previously 
been used by Mancuso et al.7 If an expectation was cited by less than 5% of 
patients but this expectation was considered clinically very relevant by the 
two reviewers, this expectation could be entered into the draft PESS survey. 
Categories were then phrased as questions with terminology typically used by 
patients discussing shoulder problems. For each category, patients will be able 
to indicate how important this expectation is for the treatment of their 
shoulder and choose between: ‘this does not apply to me’,’ I do not expect 
this’, ‘this is a little important’, ‘this is somewhat important’, or ‘this is very 
important’.  
 
Phase 2: association between the expectations categorized in the draft 
survey and clinical outcome after surgery 
After the development of the survey, we analyzed if clinical outcome after 
surgery and the presence of psychological symptoms before surgery were 
associated with  patient expectations. Data from patients of phase 1 were 
used, with patient expectations collected with open-ended questions.  The 
clinical outcome was the change in Disabilities of the Arm, Shoulder and Hand 
(DASH) scores before and one year after surgery. The expectations of the 
study population of 315 patients, collected by open-ended questions, were 
categorized as present or not present for each of the items of the draft PESS 
survey on a consensus basis by the two shoulder surgeons. To investigate how 
reliable the responses on the open ended patient expectations question could 
be classified with the final PESS survey, two shoulder surgeons blindly 
categorized a random sample of 200 patients on two separate occasions. The 
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classification of the expectations, collected by open-ended questions,  into the 
items of the PESS survey by two surgeons was analyzed for intra- and inter-
observer variability by calculating Cohen’s Kappa.   
 
Phase 3: testing content validity  
Content validity was assessed by an expert panel of 10 patients scheduled for 
shoulder surgery who were not involved in the first phase of this study. These 
patients were representative of patients who underwent shoulder surgery 
with a variety of shoulder operations, age and gender. These patients were 
given access to the draft survey and were asked to provide feedback on 
whether they considered each item of the draft to be relevant and 
comprehensive for the measurement of patient expectations before shoulder 
surgery. This group evaluated each item and provided an opinion on how well 
the wording of each item measured the expectation. This information was 
used to make alterations to the items in order to develop an assessment tool  
which yields the highest degree of content validity possible. The feedback was 
analyzed and used to inform the development of the final PESS survey. 
 
Phase 4: testing test-retest reliability  
After assessing the content validity, test-retest reliability was evaluated by 
asking a new sample of 50 patients to complete the PESS survey on two 
separate occasions; three weeks and one week prior to surgery. Test-retest 
reliability was assessed with intraclass correlation coefficients (ICC) and 95% 
confidence intervals (95% CI).  
 
Statistical analysis 
Baseline data are presented as percentage, mean (SD), or median (range) 
when data were not normally distributed. Cohen’s kappa was calculated to 
assess inter- and intra-observer reliability and test-retest reliability was 
determined by the Intraclass Correlation Coefficient (ICC) for each of the items 
in the PESS survey. A kappa value of 0.41 to 0.60 indicated a moderate 
agreement, 0.61 to 0.80 indicated a good agreement and a kappa value of 
0.81 to 1.00 showed a very good agreement.17 Reliability of items with an ICC 
value of less than 0.40 was considered poor, between 0.40 and 0.59 fair, 
between 0.60 and 0.74 good and above 0.75 excellent.18 
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The association between the presence or absence of expectations and the 
DASH change score was analyzed using independent samples t-tests. Although 
groups were too small for full multivariate analysis, exploratory logistic 
regression was performed to assess associations between age, gender, and 
duration of symptoms and each of the six patient expectations separately. 
Frequencies of patient expectations mentioned by patients with and without 
psychological symptoms in each of the four domains were calculated and chi-
square tests were performed to determine whether differences were 
statistically significant. P-values <0.05 were considered significant. SPSS 
statistical software (version 20.0; IBM, Armonk, NY, USA) was used for data 
compilation and statistical analyses. 
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Results 
 
Phase 1: identifying patients’ expectations and developing the PESS survey 
Diagnosis, clinical and demographic baseline characteristics and clinical 
outcome of the study population are shown in Table 2.  
 
Table 2. Demographic characteristics of included patients. 
  n = 315  
 
Mean age (years (SD)) 
 

  
52.7 (16.5) 

 

Male gender (n [%])  165 (52.4)  
 
Previous Surgery (n [%]) 
 

  
33 (10.5) 

 

Dominant side (n [%]) 
 

 114 (36.2)  

Duration of symptoms 
(months (SD)) 

 31.9 (41.4)  

 
DASH preop (mean (SD)) 
 

  
41.3 (20.8) 

 

DASH postop (mean (SD)) 
 

  
17.5 (17.3) 

 

 
 
Expectations 
In the study population of 315 patients, a total of 468 expectations were 
expressed, with a mean of 1.4 items per patient. Although the two shoulder 
surgeons analyzed the patients’ expectations separately they both managed 
to categorize most expectations into 6 categories. The content of these 6 
categories was identical between the two surgeons; only the description was 
somewhat different. The two surgeons decided to use these 6 categories for 
the draft PESS survey and based on consensus the following items were 
constructed: ‘pain relief’, ‘improved range of motion’, ‘improved ability to 
perform daily activities’, ‘improved ability to perform work’, ‘improved ability 
to participate in recreational activities and sports’ and ‘stop shoulder from 
dislocating’. Each of these expectations were cited by more than 5% of all 
patients (Table 3). Although ‘stop shoulder from dislocating was only cited in 
the group with instability we consider this expectation very relevant in this 
subgroup so we decided to include this expectation in the PESS survey.  
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Table 3. Most frequently cited expectations by diagnosis 
 Subacromial 

pain 
syndrome 

 
 

N = 40 

Complete 
rotator 

cuff 
rupture 

 
N = 82 

Acromiocla
vicular 

osteoarthri
tis 

 
N = 35 

Instability 
 
 
 
 

N = 66 

Glenohum
eral 

osteoarthr
itis 

 
N = 48 

Other 
 
 
 
 

N = 45 

Total 
 
 
 
 

N = 316 
Pain relief 35 (8 %) 69 (84%) 32 (91 %) 31 (47%) 45 (94%) 38 (85%) 250 (79%) 
 
Improved range 
of motion 
 

 
5 (13%) 

 

 
5 (6%) 

 

 
2 (6%) 

 
4 (6%) 

 
7 (15%) 

 
5 (11%) 

 
28 (9%) 

 
Improved ability 
to carry out 
activities of daily 
living 

 
5 (13%) 

 

 
23 (28%) 

 

 
7 (20%) 

 
3 (5%) 

 
15 (31%) 

 
9 (20%) 

 
62 (20%) 

 
Improved ability 
to perform 
sport/recreation
al activities 
 

 
3 (8%) 

 

 
12 (15 %) 

 

 
4 (11%) 

 
28 (42%) 

 
9 (19%) 

 
6 (13%) 

 
62 (20%) 

Improved ability 
to perform work 

6 (15%) 
 

13 (16%) 4 (11%) 7 (11%) 1 (2%) 0 (0%) 31 (10%) 
 

 
Stop shoulder 
from dislocating 
  

 
0 (0%) 

 

 
1 (1%) 

 

 
0 (0%) 

 
29 (44%) 

 
1 (2%) 

 
0 (0%) 

 
31 (10%) 

 
 
Expectations and demographic and functional status  
Exploratory logistic regression analyses were performed to test whether age, 
gender, and duration of symptoms were associated with the patient 
expectations included in the survey. We found that increased age was 
associated with expectation ‘pain relief’ (OR 1.044 (95% CI 1.026 – 1.063)) and 
‘improved ability to perform daily activities (OR 1.035 (95% CI 1.015 – 1.056)), 
whereas younger age was associated with ‘improved ability to perform 
recreational activities and sports’ (OR 0.960 (95% CI 0.943 – 0.977)) and ‘no 
more dislocations’ (OR 0.924 (95% CI 0.899 – 0.950)). In addition, males more 
often expected ‘improved ability to perform work’ (OR 2.332 (95% CI 1.033 – 
5.266)), but less often ‘pain relief’ (OR 0.467 (95% CI 0.256 – 0.853)). Patients 
experiencing longer duration of symptoms before surgery more often 
expected ‘no more dislocations’ (OR 1.014 (95% CI 1.005-1.023)). 
 
  



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 169PDF page: 169PDF page: 169PDF page: 169

8

169

 
 

Phase 2: association between de expectations categorized in the draft 
survey and clinical outcome after surgery 
 
The reported expectations in the study population could be well sorted into 
the categories of the final PESS survey by the two orthopedic surgeons, with 
an excellent intra- and inter-observer variability (intra-observer variability 0.95 
and 0.96; inter-observer variability 0.96). The following expectations were 
significantly associated with DASH change score (Table 4): ‘relief of pain’  
(p=0.003), ‘improved ability to perform daily activities’ (p=0.015) and ‘no more 
dislocation’ (p=0.015).  
 
 
Table 4. Association of patient expectations with clinical outcome 
  Change in DASH score 

                                     (mean (sd))                                            p-value 
Expectation mentioned   

 
Relief of pain 

 

 
Yes 
No 

 
-25.8 (22.7) 
-16.0 (18.0) 

 
0.003 

 
Range of motion 

 

 
Yes 
No 

 
-24.1 (20.0) 
-23.8 (22.4) 

 
0.958 

Daily activities Yes 
No 

-30.4 (18.0) 
-22.2 (22.8) 

0.015 

 
Work 

 
Yes 
No 
 

 
-26.6 (26.9) 
-23.5 (21.6) 

 
0.494 

Recreational 
activity/sports 

Yes 
No 
 

-19.2 (21.0) 
-24.9 (22.3) 

0.106 

Dislocation Yes 
No 
 

-13.2 (17.9) 
-24.9 (22.3) 

0.015 
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Phase 3: testing content validity 
The patient panel reviewed the draft survey and provided feedback on 
relevance and comprehension of the expectation items in the survey. The 
patient panel was uniformly convinced that all six categories of patient 
expectations were relevant for patients scheduled for shoulder surgery. 
Suggestions were given by the panel to adapt the formulation of the items. 
The feedback was analyzed, informed decisions were made and the final 
survey was constructed (Figure 1). 
 
 
Figure 1. PESS survey (Patient expectations of Shoulder Surgery). 
How important are 
these expectations in 
the treatment for your 
 shoulder? 
 
 
Patient expectations 

 
 

This does 
not 

apply to 
me 

 
 

I do not 
expect 

this 

 
 

A little 
important 

 
 

Somewhat 
important 

 
 

 
 

Very 
important 

 
Relief of pain 
 

 
1 

 
2 

 
3 

 
4 

 
5 

Improved shoulder range 
of motion 
 

1 2 3 4 5 

Improved ability to 
perform daily activities 
 

1 2 3 4 5 

Improved ability to 
perform work 
 

1 2 3 4 5 

Improved ability to 
participate in sports 
 

1 2 3 4 5 

Stop shoulder from 
dislocating 

1 2 3 4 5 
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Phase 4: testing-retesting the draft survey for reliability  
A new sample of 51 consecutive patients from the same shoulder practice 
with various shoulder diagnoses was enrolled in the test-retest reliability 
phase, and filled in the PESS survey three weeks before surgery and again one 
week before surgery. ICC values for the 6 draft items were all well above the 
predefined cut off po rated from 0.52 to 0.92 (Table 5). All six items had ICC 
values above 0.40 and all these 6 items were entered into the final PESS 
survey (Figure 1). 
 
 
Table 5. Test-retest reliability PESS survey. 
  ICC (95% CI) 
Relief of pain 
 

0.89 (0.81-0.93) 

Improved range of motion 
 

0.52 (0.29-0.70) 

Improved ability to perform daily activities 
 

0.70 (0.52-0.82) 

Improved ability to perform work 0.70 (0.53-0.82) 
 
Improved ability to participate in recreational 
activity/sports 
 

 
0.92 (0.87-0.95) 

Stop shoulder from dislocating 0.65 (0.46-0.79) 
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Discussion 
 
In this study the Patients’ Expectations of Shoulder Surgery (PESS) survey was 
developed. The PESS survey is a valid and reliable survey and easy to use in 
daily practice and in research projects. The base of this survey were the 
answers to the open ended questions by patients and patients were actively 
involved in this study by determining the content validity of this survey. 
The PESS survey may be used in future studies about patients’ expectations 
before shoulder surgery. In future studies, patients’ expectations could be 
explored in all different shoulder operative procedures and correlated with 
clinical outcome and patient satisfaction.  Results of these studies can be 
relevant for clinical decision making to find the best available treatment for 
individual patients. Patients’ expectations, identified by the PESS survey, can 
further be discussed with the patient in order to compare patients’ 
expectations with physician expectations and with the expected outcome 
after shoulder surgery. Preoperative patients’ expectations should be realistic 
and attainable after shoulder surgery. The challenge is to match patient and 
physician expectations before shoulder surgery to improve postoperative 
satisfaction.9 If certain patient expectations are associated with poor 
outcome, identification of those patient expectations could be used before 
surgery to discuss other treatment options with patients.19 Furthermore, the 
level of expectations might be modulated by preoperative discussion and 
education, as suggested in a previous study regarding total knee 
arthroplasty;20 this would contribute to the optimization of care and 
maximization of postoperative satisfaction.2,3 
Several studies addressed the total number of patients’ expectations after 
shoulder surgery with clinical outcome.1-3 In orthopedic literature higher 
expectations were associated with postoperative outcome.1,3,7,8, 20,21 Patients 
with worse baseline subjective scores had a greater number of expectations 
compared with those with better baseline subjective scores.1,7,8 The 
association of specific patients’ expectations before shoulder surgery with 
clinical outcome has only been investigated by Warth et al.9 Before 
arthroscopic shoulder surgery, a desire to continue participation in sporting 
activities was associated with improved American Shoulder and Elbow Scores. 
It is important that future studies analyze the overlap and interaction of 
different patients’ expectations. The PESS focusses on patients’ expectations 
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related to outcomes in two areas: three items are concerned with shoulder-
specific expectations (shoulder pain, range of motion and shoulder 
dislocation) and three concern expectations regarding activities (in daily life, 
work and sport/recreation). There might be interaction and some overlap 
between the shoulder-specific and the activities expectations. Further studies 
should address the clinical relevance of the interaction and overlap and the 
associations between patients’ outcome expectations as assessed with de 
PESS and other types of expectations like process and self-efficacy 
expectations.4  
We studied the association between patient expectations measured with the 
PESS and change in clinical outcome after shoulder surgery. In three 
categories of patient expectations, an association with clinical outcome was 
observed, indicating that future research is necessary to observe if patients 
with certain patient expectations do better or worse after specific shoulder 
surgery. Another interesting relationship observed in this study is the 
association of psychological symptoms and patients expectations before 
shoulder surgery. In patients with distress or somatisation, certain patient 
expectations were observed more often than in patients without these 
psychological symptoms. No association with expectations were observed in 
patients with symptoms of depression or anxiety. Other relevant psychological 
constructs like treatment credibility, hope, optimism and pessimism were 
studied before by Haanstra et al.19 A strong correlation (r=0.82) between 
treatment expectancy and treatment credibility was observed. 
The strength of this study is that the PESS survey was constructed based on 
answers to open ended questions by an independent researcher. The content 
validity was determined by a representative group of patients waiting for 
shoulder surgery. The draft shoulder expectations survey was analyzed by 
these patients for relevance and comprehensiveness, according to the 
recommendation by the COSMIN group. The draft survey was refined based 
on the patient panel’s feedback. In the future other clinimetric properties like 
construct validity have to be tested according to COSMIN guidelines. There are 
some limitations in this study that need to be discussed. Because we planned 
to develop a shoulder expectations survey for patients waiting before all 
different shoulder operative procedures, we analyzed a heterogeneous 
patient population with shoulder complaints with different diagnoses, with 
different planned surgery, levels of pain, and duration of symptoms. 
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Therefore, some patient expectations of the survey might be more relevant to 
certain subgroups of shoulder patients.  Future studies could identify whether 
the PESS survey is suitable in all different shoulder diagnoses and surgery 
procedures. Furthermore, only one center was included in the study. Patients’ 
expectations, however, are partly dependent on previous care, cultural and 
perhaps even regional assumptions and beliefs22 therefore cross-cultural 
validation of the PESS is necessary before it is widely implemented in research 
and practice. 
 
Conclusion 
The PESS survey is a valid and reliable survey that can be used in future clinical 
research. The patient expectations identified in this survey were clinically 
relevant and associated with clinical outcome. The PESS survey is easy to use 
in daily orthopedic practice. We believe that the preoperative evaluation of 
patient expectations should be a standard procedure in all different shoulder 
surgery procedures.   
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Chapter 9 Answers to the research questions. 
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Being a clinician rather than a researcher has had its impact on the aim of this 
thesis, the research questions and the type of study designs. The basis of this 
study was: what is the influence of psychological symptoms on clinical 
outcome after shoulder surgery? We postulated 10 clinical relevant research 
questions at the beginning of this thesis. 
 
The 10 research questions and answers: 
 
1 Question: is the 4DSQ a valid psychological questionnaire in  

  orthopedic patients with shoulder pain and disability? 
 Answer: the 4DSQ is a valid psychological questionnaire in  
  orthopedic patients with shoulder pain and disability 
  which can be used in orthopedic practice to measure 
  psychological symptoms in patients with shoulder 
  complaints 
 
2 Question: what is the prevalence of psychological symptoms in 
  patients scheduled for shoulder surgery? 
 Answer: symptoms of distress were identified in 20 % of the patients,  
  depression in 7 %, anxiety in 13 % and somatisation in 15%. 
 
3 Question: are psychological symptoms before and after surgery 
  associated with an inferior clinical outcome and 
  patient perceived improvement of pain and function 
  after shoulder surgery? 
 Answer: a significant improvement in function, activity level 
  and pain was achieved after shoulder surgery, 
  irrespective of psychological symptoms before 
  surgery. Psychological symptoms 12 months after 
  shoulder surgery were strongly associated with worse 
  clinical outcome (change of DASH score) and worse 
  perceived improvement of pain and function.  
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4 Question: do psychological symptoms disappeare after shoulder 
  surgery? 
 Answer: preoperative symptoms of distress, depression, 
  anxiety and somatisation disappeared in 40 % of 
  patients after shoulder surgery. 
 
5 Question: is change of shoulder pain and function before and 
  after shoulder surgery associated with the change in 
  psychological symptoms before and after shoulder surgery? 
  Answer: improvement of shoulder pain and function was 
  significantly associated with a decrease in 
  psychological symptoms of distress, depression, 
  anxiety and somatisation. This association however 
  was very small and of limited clinical relevance. 
 
6 Question: what are prognostic factors for the development of 
  frozen shoulder after shoulder surgery? 
 Answer: four prognostic factors were identified for the development  
  of postoperative frozen shoulder: diabetes mellitus,  
  arthroscopic surgery, specialized shoulder physiotherapy and  
  DAHS score. Frozen shoulder was not more frequently  
  encountered in patients with psychological symptoms before  
  surgery. 
 
7 Question: to what extent do psychological symptoms influence a 
  subjective functional measure (DASH score) and a functional  
  measure with more objective measurements (Constant- 
  Murley score) in patients scheduled for shoulder surgery? 
 Answer: psychological symptoms significantly affect pre-operative  
  functional measures. Psychological symptoms influence the  
  DASH score more than the Constant-Murley score. The  
  number of psychological disorders is clinically important: the  
  more psychological disorders patients have, the more the  
  DASH score and the Constant-Murley score is affected. 
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8 Question: do psychological symptoms influence the minimal 
  clinically important difference (MCID) of the DASH score? 
 Answer: psychological symptoms had a negative effect on the 
  DASH score but did not influence the MCID of the DASH  
  score  in our study population. 
 
9 Question: can we develop a valid and reliable Patients 
  Expectations for Shoulder Surgery (PESS) survey? 
 Answer: a valid and reliable Patients Expectations for Shoulder 
  Surgery (PESS) survey was developed. 
 
10 Question: are patients expectations associated with clinical 
  outcome after shoulder surgery? 
 Answer: three of the six patient expectations of the PESS survey  
  were associated with clinical outcome after shoulder surgery  
  (‘pain relief’,’ improved ability to perform daily activities’  
  and ‘no more dislocation’). 
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Chapter 10 General discussion and future perspective.  
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Validation of the psychological questionnaire 4DSQ in orthopedic shoulder 
patients 
The 4DSQ is the only psychological questionnaire, to our knowledge, that is 
validated in orthopedic shoulder patients. The 4DSQ is a unique questionnaire 
that identifies psychological symptoms of four clinical relevant psychological 
disorders: distress, depression, anxiety and somatisation. During the 
validation process, we especially paid attention to the items of the somatic 
scale because some questions addresses somatic symptoms that are related 
to the symptoms in patients with shoulder complaints. We found that the 
4DSQ in orthopedic shoulder patients measures the same constructs as in 
general practice patients in all psychological domains and can therefore be 
used in orthopedic practice to measure psychological disorders in patients 
with shoulder complaints. The shoulder patients tended to score higher on the 
somatisation scale, resulting in a new cut-off point for somatisation. 
The 4DSQ is a different psychological score than other more frequently used 
psychological scores in orthopedic research, like the Hospital Anxiety and 
Depression Scale (HADS),1 Center for Epidemiologic Studies Depression Scale 
(CES-D)2 and Pain Anxiety Symptom Scale (PASS).3 In the 4DSQ score distress 
was constructed as a fourth dimension of psychopathology besides 
depression, anxiety and somatisation. Characteristic distress symptoms are 
worry, irritability, tension, listlessness, poor concentration, sleeping problems 
and demoralization. Distress symptoms virtually always accompany mood and 
anxiety disorders. The developers of the 4DSQ score tried to separate distress 
from depression and anxiety, and considered that what was left to be the core 
symptomatology of major depression and anxiety. Whereas distress was 
thought to be primarily a manifestation of a stress-coping problem, 
depression and anxiety are triggered or aggravated by still poorly understood 
dysfunctions of mood and anxiety regulation systems.4 In other psychological 
scores, like the HADS, CES-D and PASS score, psychological symptoms of 
distress are not identified separately from symptoms of depression and 
anxiety but distress symptoms are scored in the depression and anxiety scales. 
We are not aware of any other psychological questionnaires that identify 
these non-specific distress symptoms.  
Because the 4DSQ questionnaire identifies the more stress-related symptoms 
of distress, we were interested during our studies to examine whether the 
relationship between the distress symptoms and functional outcome after 
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shoulder surgery would be different than the relationship between the 
symptoms of depression and anxiety and functional outcome after shoulder 
surgery. In chapter 3 and 4 we did not observe that the relationship between 
distress symptoms and functional outcome after shoulder surgery were 
different compared to the relationship between symptoms of depression and 
anxiety and functional outcome. We therefore found no evidence in our 
studies or literature that the separation of the distress symptoms from the 
depression and anxiety scales by the 4DSQ questionnaire has a clinicically 
added value when used to study clinical outcome after surgery. In primary 
care, the distress scale of the 4DSQ questionnaire has proven to be clinically 
relevant4. The distress score was found to be the most important predictor of 
social dysfunctioning and sick leave4. 
 
The relationship between psychological symptoms and shoulder complaints 
In chapter 3,4 and 6 the relationship between psychological symptoms and 
shoulder symptoms was studied. Based on the findings of chapter 3 and 4 we 
postulate that: 
‘Psychological symptoms only influence the perception of shoulder pain and 
function but not the clinical effect of shoulder surgery.’ 
(The clinical effect of shoulder surgery is defined as the change of shoulder 
pain and function before and after surgery corrected for the presence or 
absence of psychological symptoms.) 
We did not find an association between preoperative psychological symptoms 
and DASH score changes before and after surgery. Postoperative psychological 
symptoms however were significantly associated with a worse clinical 
outcome. This does not support the hypothesis that psychological symptoms 
only influence the perception of shoulder pain and function, but not the 
clinical effect of shoulder surgery. Why did we observe a positive association 
between postoperative psychological symptoms and DASH change score? 
In figure 2 of chapter 4 the relationship between psychological symptoms 
(separated in the four psychological domains) and self-reported shoulder 
symptoms (DASH score) is shown 
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Figure 2 (from chapter 3). Influence of symptoms of psychological disorders 
on the DASH scores before and after surgery. 
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In all patient groups, an improvement of DASH score was observed, especially 
when preoperative psychological symptoms disappeared after surgery. The 
DASH scores 12 months after surgery improved most, if no psychological 
symptoms were present at follow-up. In literature and in our study population 
psychological symptoms negatively influenced the perception of shoulder pain 
and function, resulting in higher (worse) DASH scores. Table 3 shows the DASH 
scores of patients with and without psychological symptoms in the 
preoperative period and 12 months after surgery. In the preoperative period 
the DASH score in the group with psychological symptoms was 33% higher 
than the DASH score of the group with no psychological symptoms. Twelve 
months after surgery the DASH score in the group with psychological 
symptoms was 95 % higher than the DASH score of the group with no 
psychological symptoms.  
 
 
Table 3 of chapter 3. DASH scores in patients with and without preoperative 
symptoms of psychological disorders. 
 
Preoperative symptoms of 
psychological disorders 

 DASH preop DASH postop DASH change score 

distress                 n = 66 (20%) 51.6 26.2 26.5 
no distress            n = 249 (80%) 37.7 14.5 23.0 
depression            n = 24 (7%) 50,9 31.2 16.7 
no depression      n = 291 (93%) 39.7 15.7 24.2 
anxiety                  n = 43 (13%) 51.0 28.5 21.9 
no anxiety            n = 272 (87%) 38.9 15.1 23.9 
somatisation         n = 46 (15%) 52.1 30.2 21.8 
no somatisation   n = 269 (85%) 38.6 14.6 24.0 
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The previous data give us the impression that in patients with lower pain 
levels, psychological symptoms have a high impact on the perception of pain. 
If the pain level is more severe the impact of psychological symptoms on the 
perception of pain is less prominent. This concept could explain that the 
difference in DASH scores between the group with and without psychological 
symptoms is higher 12 months after surgery, with low pain scores, than in the 
preoperative period, with higher pain scores. Because of the higher impact of 
psychological symptoms on the perception of pain 12 months after surgery, 
postoperative psychological symptoms were found to be associated with 
worse clinical outcome (change of DASH scores) after shoulder surgery. If 
linear logistic regression models could be adjusted to accommodate for the 
impact of psychological symptoms on the perception of pain is dependent on 
the pain level, than propably no association between postoperative 
psychological symptoms and clinical outcome will be found.  
At the start of this research project no studies were published about the 
influence of preoperative psychological symptoms on clinical outcome after 
shoulder surgery. Two recent studies, with small study populations  
(n=70 and n=47), evaluated preoperative psychological distress and functional 
outcome after rotator cuff surgery.5,6 These studies found the same results as 
in our study: no significant association was observed between preoperative 
psychological symptoms and functional outcome after shoulder surgery. One 
of the two studies6 with a study population of 47 patients described the 
change of psychological symptoms after shoulder surgery in patients with 
preoperative psychological symptoms. They observed that symptoms of 
depression disappeared in 73% and symptoms of anxiety in 82% after 
shoulder surgery. We also found that preoperative psychological symptoms 
disappeared in 40% of the patients after shoulder surgery (distress 44%, 
depression 25%, anxiety 57%, somatisation 35%). These studies did not 
analyze the association of postoperative psychological symptoms with 
functional outcome.    
  
Measuring outcome of shoulder surgery 
In this thesis we observed that psychological symptoms significantly affect 
pre-operative functional shoulder measures. Psychological symptoms 
influence the DASH score (a subjective outcome) more than the Constant-
Murley score (a more objective outcome).  
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In literature the influence of psychological symptoms on PROMs (DASH score, 
Simple Shoulder Test, Western Ontario McMaster (WOMAC) scale, Knee 
Society rating system (KSRS) has been reported.7-16 If psychological symptoms 
were present, the PROM score correlated in some studies at least as much 
with psychological symptoms as with objective symptoms.7,9,10 This is 
congruent with the findings of the current study where we found that adding 
psychological disorders to the multivariable model significantly contribute to 
explaining the variance in pre-operative functional outcomes, especially for 
the DASH score.   
If outcome scores are used to compare functional outcome after shoulder 
surgery we could use different outcome measurements: a PROM, a more 
clinician based score like the Constant Murley score, a quality of life 
questionnaire or a patient satisfaction score. Although PROMs reflect more 
the patient perceived outcome after treatment, when psychological 
symptoms are present we have to take into account that the PROM 
significantly reflects the psychological status of the patients. Clinicians should 
be aware of the contributions made by psychological symptoms to outcome 
instruments when making decisions regarding treatment priorities or 
interpreting treatment outcomes.  
   
 
Clinical relevance of findings of this thesis 
 
In most patients with an adequate diagnosis, an appropriate surgical 
technique and rehabilitation program, shoulder surgery resulted in a 
significant reduction of pain and disability. Preoperative psychological 
symptoms were not associated with worse clinical outcome after shoulder 
surgery. As a consequence of the findings in this study, we suggest that 
patients with an indication for shoulder surgery and psychological symptoms 
should not be excluded from surgery. Most patients with psychological 
symptoms before surgery benefit from shoulder surgery, especially when 
psychological symptoms disappear after surgery.  
Preoperative symptoms of distress, depression, anxiety and somatisation 
improved after shoulder surgery, however in 56% of patients psychological 
symptoms persisted after shoulder surgery. If psychological symptoms were 
present 12 months after surgery, functional outcome and patient perceived 
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improvement of pain and function after surgery were worse. If patients are 
not satisfied with the results after shoulder surgery and the DASH score did 
not improve, the 4DSQ questionnaire could be used to identify psychological 
disorders. Psychological symptoms could be a reason why patients report 
persistent shoulder complaints. Treatment of psychological symptoms might 
positively influence the perception of shoulder pain and function. 
 
 
Future research themes 
 
Postoperative psychological symptoms were highly associated with worse 
functional outcome and patient perceived improvement of pain and function 
after shoulder surgery. Future studies could focus on factors that predict the 
persistence of psychological symptoms after shoulder surgery or the 
development of new psychological symptoms after surgery. If we can predict 
the persistence of postoperative psychological symptoms we can search for 
treatment options to improve psychological symptoms and as a consequence 
improve clinical outcome after shoulder surgery.  
Patient expectations before shoulder surgery might be associated with clinical 
outcome after shoulder surgery. We developed a new, practical and easy to 
use patient expectations survey (PESS). With this survey further research can 
be performed. If certain patient expectations are associated with clinical 
outcome or are unrealistic, the survey can be used to discuss the expectations 
with the patients and try to adapt the expectations to be more realistic and 
attainable. Also, identified patient expectations can be used to choose the 
best treatment for the individual patient to improve outcome after treatment. 
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Take home message 
 
1 A significant improvement in shoulder function, activity level and pain 

was achieved after shoulder surgery, irrespective of psychological 
symptoms before surgery.  

2 Psychological symptoms disappeared in 40% of patients after shoulder 
surgery. 

3 Psychological symptoms 12 months after shoulder surgery were 
strongly associated with worse functional outcome and patient 
perceived improvement of pain and function. 

4 Psychological symptoms significantly affect functional shoulder 
measures. Psychological symptoms influence the DASH score (PROM) 
more than the Constant-Murley score (a more objective outcome 
measure). 
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Summary 
 
The basis of this thesis was the clinical question: what is the influence of 
psychological symptoms on clinical outcome after shoulder surgery? With the 
improved ability to diagnose shoulder pathology more correctly and with 
clinical guidelines, good clinical outcome can be obtained after shoulder 
surgery in the majority of patients. However, worse clinical results can be 
observed in a small group of patients after shoulder surgery, despite making 
the right diagnosis and the application of appropriate surgical therapy. Other 
factors could be associated with inferior clinical outcome after shoulder 
surgery. Psychological symptoms are often present before shoulder surgery 
and might be associated with worse clinical results after shoulder surgery. 
Therefore, in this thesis we studied the association between psychological 
symptoms and clinical outcome after shoulder surgery. 
 
 
Study 1 
 
In order to perform research in this field, we needed a validated self-reported 
psychological questionnaire that was able to identify common and clinical 
relevant psychological disorders in patients with shoulder complaints. In 
literature, a validated psychological questionnaire that could identify 
symptoms of depression, anxiety and somatisation in patients with shoulder 
complaints was not available. On our shoulder unit we used a psychological 
questionnaire that was developed in primary care: the Four-Dimensional 
Symptom Questionnaire (4DSQ).  The 4DSQ is a 50-item self-report inventory 
that is able to identify four dimensions of common psychological symptoms: 
distress, depression, anxiety and somatisation. The distress scale measures 
people’s most general, most basic response to stress of any kind, be it work or 
family demands, psychosocial difficulties or life events. The depression and 
anxiety scales measure specific symptoms of depressive and anxiety disorders, 
severe enough to warrant specific treatment. The somatisation scale 
measures symptoms associated with somatic stress. We performed a 
validation study of the 4DSQ in orthopedic patients scheduled for shoulder 
surgery and used general practice patients as control group. We observed that 
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the 4DSQ in orthopedic shoulder patients measures the same psychological 
constructs as in general practice patients and can therefore be used in 
orthopedic practice to measure psychological symptoms in patients with 
shoulder complaints. The shoulder patients tended to score higher on the 
somatisation scale, resulting in a new cut-off point on the 4DSQ for 
somatisation. 
 
 
Study 2 
 
In a large longitudinal cohort study we studied the association of preoperative 
and postoperative psychological symptoms with functional outcome after 
shoulder surgery. A group of 315 patients was observed before and 12 months 
after surgery, outcome measures were the change of Disabilities of the Arm, 
Shoulder and Hand (DASH) score and the perceived improvement of pain and 
function measured with anchor questions. The treatment team was not 
informed about the psychological symptoms identified. Before shoulder 
surgery, distress was identified in 20% of the patients, depression in 7%, 
anxiety in 13% and somatisation in 15%. Symptoms of psychological disorders 
were encountered in all the various shoulder diagnoses. Preoperative 
symptoms of distress, depression, anxiety and somatisation were not 
associated with worse clinical outcome 12 months after shoulder surgery. 
Preoperative symptoms of psychological disorders persisted after surgery in 
56% of patients. In addition, 10% of patients without symptoms of 
psychological disorders before surgery developed new psychological 
symptoms. Postoperative symptoms of psychological disorders and perceived 
improvement of pain and function 12 months after shoulder surgery were 
strongly associated with worse clinical outcome. As a consequence of the 
findings in this study, we suggest that patients with symptoms of 
psychological disorders before surgery should not be excluded from shoulder 
surgery. Most patients with psychological symptoms before surgery benefit 
from shoulder surgery, especially when psychological symptoms disappear 
after surgery. Postoperative symptoms of psychological disorders were strong 
predictors of a worse clinical outcome. In order to interpret clinical outcome 
after shoulder surgery, the influence of psychological symptoms on the clinical 
outcome should be taken into account.   
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Study 3 
 
The relationship between psychological disorders and chronic shoulder pain 
and disability has not been clarified. Psychological disorders might be a 
consequence of chronic shoulder pain and disability, but it is also possible that 
chronic pain and disability reflect an underlying psychological disorder. We 
further analyzed the change in psychological symptoms after shoulder surgery 
in a subsequent study. 
In a study population of 176 patients, preoperative symptoms of distress, 
depression, anxiety and somatisation disappeared in 40% of patients after 
shoulder surgery. Improvement of shoulder pain and function after surgery 
was associated with a decrease of symptoms of distress, depression, anxiety 
and somatisation. However, the association found was very small and most 
likely not relevant in clinical practice.   
 
 
Study 4 
 
One of the disabilitating complications after shoulder surgery is postoperative 
frozen shoulder. In a large cohort of 505 patients we studied the incidence 
and prognostic factors for secondary frozen shoulder after elective shoulder 
surgery. A prediction model was developed to study risk factors for 
postoperative frozen shoulder after shoulder surgery. Frozen shoulder was 
identified in 11% of the patients after shoulder surgery and was more 
common in females (15%) than in males (8%). A prediction model based on 4 
variables (diabetes mellitus, specialized shoulder physiotherapy, arthroscopic 
surgery and DASH score) discriminated reasonably well with an AUC of 0,712. 
Secondary frozen shoulder was not more frequently encountered in patients 
with symptoms of psychological disorders before surgery. 
 
 
Study 5 
 
Several shoulder scores are available to evaluate general shoulder function, 
pain and disability, ranging from objective clinician-based measurements to 
more subjective self-reported measurements. Psychological symptoms might 
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influence the shoulder scores, leading to worse outcome scores. In 500 
consecutive patients scheduled for shoulder surgery in a five year period, we 
prospectively collected the pre-operative DASH score, Constant-Murley score, 
and 4DSQ score. Multivariable models showed that symptoms of psycho-
logical disorders significantly contribute to explaining the variance in the pre-
operative functional outcomes, especially for the DASH score. An increasing 
number of psychological disorders was significantly associated with worse 
Constant-Murley and DASH scores. Clinicians should be aware of the influence 
of symptoms of psychological disorders on these outcome instruments when 
making decisions regarding treatment priorities or interpreting treatment 
outcomes. 
 
 
Study 6 
 
The minimal clinically important difference (MCID) is defined as the smallest 
measured change score that patients perceive to be important. We noticed in 
the previous studies that symptoms of psychological disorders significantly 
influence the magnitude of the DASH scores. It is unknown if psychological 
symptoms influence the magnitude of the MCID of the DASH score. In order to 
interpret the DASH change score after treatment of shoulder symptoms in 
patients with and without symptoms of psychological disorders, it seems 
important to assess if the MCID is different in patients with symptoms of 
psychological disorders compared to patients without symptoms of 
psychological disorders. We observed that symptoms of psychological 
disorders had no influence on the MCID of the DASH score in patients who 
underwent shoulder surgery. For both patient groups, the MCID was the 
same.  
 
 
Study 7 
 
Not only symptoms of psychological disorders are associated with functional 
outcome after orthopedic surgery, patient expectations before surgery are 
also reported to correlate with clinical results after several orthopedic 
operations. There is currently no patient expectations survey available for 



510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar510080-L-sub01-bw-Koorevaar
Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017Processed on: 18-5-2017 PDF page: 199PDF page: 199PDF page: 199PDF page: 199

199

 
 

patients undergoing shoulder surgery that is validated, reliable and easy to 
use in daily practice. Therefore, we decided to develop the Patients 
Expectations of Shoulder Surgery (PESS) survey. Six items were included in the 
PESS survey: ‘pain relief’, ‘improved range of motion’, ‘improved ability to 
perform daily activities’, ‘improved ability to perform work’, ‘improved ability 
to participate in recreational activities and sports’ and ‘stop shoulder from 
dislocating’. Three of these six expectations were significantly associated with 
clinical outcome after shoulder surgery: ‘relief of pain’, ‘improved ability to 
perform daily activities’ and ‘no more dislocation’. Content validity was 
assessed by a patient panel of shoulder patients scheduled for shoulder 
surgery. Test-re-test reliability was high with a Intraclass Correlation 
Coefficients (ICCs) between 0.52 and 0.92. The PESS survey is a valid and 
reliable survey that can be used in future clinical research and in daily 
orthopedic practice. We believe that the preoperative evaluation of patient 
expectations should be a standard procedure before shoulder surgery. 
 
 
Clinical relevance of findings of this thesis 
 
In most patients with an adequate diagnosis, an appropriate surgical 
technique and rehabilitation program, shoulder surgery resulted in a 
significant reduction of pain and disability. Preoperative symptoms of 
psychological disorders were not associated with worse clinical outcome after 
shoulder surgery. As a consequence of the findings in this study, we suggest 
that patients with an indication for shoulder surgery and symptoms of 
psychological disorders should not be excluded from surgery. Most patients 
with symptoms of psychological disorders before surgery benefit from 
shoulder surgery, especially when psychological symptoms disappear after 
surgery.  
Preoperative symptoms of distress, depression, anxiety and somatisation 
improved after shoulder surgery, however in 56% of patients symptoms of 
psychological disorders persisted after shoulder surgery. If symptoms of 
psychological disorders were present 12 months after surgery, functional 
outcome and patient perceived improvement of pain and function after 
surgery were worse. In clinical practice, the 4DSQ questionnaire could be used 
to identify psychological symptoms in patients who are not satisfied with the 
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results after shoulder surgery and the DASH score did not improve. Symptoms 
of psychological disorders could be a reason why patients report persistent 
shoulder complaints. Treatment of symptoms of psychological disorders might 
positively influence the perception of shoulder pain and function after 
surgery. 
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Samenvatting 

De basis van dit proefschrift was de klinische vraag: wat is de invloed van 
psychische klachten op de klinische uitkomst na schouder operaties? 
Schouder diagnoses kunnen de laatste jaren nauwkeuriger gesteld worden 
dankzij verbetering van de diagnostiek, onder andere door gebruik van de 
MRI-scan en arthroscopie. Dankzij deze betere diagnostiek en meer kennis 
over de beste behandelopties kunnen bij de meeste patiënten met 
schouderklachten goede klinische uitkomsten worden verkregen na 
schouderoperaties. In een kleine groep van patiënten zijn de resultaten na 
schouderoperaties echter teleurstellend, ondanks goede diagnostiek, operatie 
techniek en nabehandeling. Psychische klachten komen veel voor bij 
patiënten met schouderklachten en kunnen mogelijk geassocieerd zijn met 
minder goede uitkomsten na schouderoperaties. In dit proefschrift hebben we 
de invloed van psychische klachten op de klinische uitkomst na 
schouderoperaties bestudeerd. 
Om dit onderzoek te kunnen uitvoeren was een psychologische vragenlijst 
nodig die gevalideerd is bij orthopedische patiënten met schouderklachten. 
Deze vragenlijst moest de klachten van de meeste voorkomende en klinische 
relevante psychologische stoornissen kunnen identificeren in patiënten met 
schouderklachten. In de literatuur konden we geen gevalideerde 
psychologische vragenlijst vinden die symptomen van depressie, angst en 
somatisatie kon opsporen bij patiënten met schouderklachten. Op onze 
schouderpolikliniek werd al langer de VierDimensionele KlachtenLijst (4DKL- 
vragenlijst) gebruikt die ontwikkeld was in de huisartsenpraktijk. De 4DKL 
vragenlijst is een lijst met 50 vragen die vier dimensies van psychische 
klachten meet: distress, depressie, angst en somatisatie. Distress is een 
aspecifieke maat voor de ernst van psychisch lijden, depressie en angst zijn 
specifieke symptomen van ernstige depressieve en angststoornissen, 
somatisatie staat voor het ervaren van lichamelijke spanningsklachten en de 
neiging daar ongerust over te zijn. Een validatie studie werd uitgevoerd van de 
4DKL vragenlijst bij orthopedische patiënten die op de wachtlijst stonden voor 
een schouderoperatie, met eerstelijns patiënten als controle groep (Studie 1). 
De 4DKL vragenlijst bleek in orthopedische patiënten met schouderklachten 
dezelfde  psychologische constructen te meten als in patiënten onder 
behandeling bij de huisarts. Het afkappunt voor de somatisatieschaal moest 
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worden aangepast voor de schouderpatiënten. De 4DKL vragenlijst kan 
daarom gebruikt worden bij orthopedische patiënten met schouderklachten 
om psychische klachten te meten. 
In een grote longitudinale cohort studie werd het verband tussen psychische 
klachten voor en na een schouderoperatie en de functionele uitkomst van de 
operatie bestudeerd (Studie 2). Een groep van 315 patiënten werd 
geobserveerd voor en 12 maanden na een schouderoperatie, uit-komstmaten 
waren de verandering van Disabilities of the Arm, Shoulder and Hand (DASH) 
score en de ervaren verbetering van pijn en functie gemeten met behulp van 
ankervragen. Het behandelteam was niet op de hoogte van de uitkomst van 
de psychologische vragenlijst. Voor de operatie werden distress symptomen 
geïdentificeerd in 20% van de patiënten, depressie in 7%, angst in 13% en 
somatisatie in 15%. Psychische klachten werden waargenomen bij alle 
verschillende schouder diagnoses. Preoperatieve klachten van distress, 
depressie, angst en somatisatie waren niet geassocieerd met slechtere 
klinische uitkomst 12 maanden na de schouderoperatie. In de meerderheid 
van patiënten met psychische klachten voor de operatie bleven de psychische 
klachten aanwezig na de operatie (56%). 10% van de patiënten zonder 
psychische klachten voor de operatie, ontwikkelde psychische klachten na de 
operatie. Klinische uitkomst 12 maanden na een schouderoperatie was 
significant slechter bij patiënten met psychische klachten 12 maanden na de 
operatie. De resultaten van deze studie tonen aan dat ook bij patiënten met 
psychische klachten voor een schouderoperatie er over het algemeen goede 
resultaten verwacht mogen worden na een schouder operatie. Een slechte 
uitkomst 12 maanden na een schouderoperatie kan gerelateerd zijn aan de 
aanwezigheid van psychische klachten na de operatie.  
De relatie tussen psychische klachten en chronische schouder pijn en functie is 
nog onduidelijk. Psychische klachten kunnen het gevolg zijn van chronische 
schouder pijn en beperkte functie, maar het is ook mogelijk dat chronische 
pijn een uiting is van een onderliggend psychologisch probleem. We hebben 
de verandering van psychische klachten (depressie, angst, somatisatie en 
distress) voor en na een schouderoperatie geanalyseerd in een aanvullende 
studie met 176 patiënten (Studie 3). Preoperatieve psychische klachten 
verdwenen in 40% van de patiënten na een schouderoperatie. Verbetering 
van schouder pijn en functie na operatie was geassocieerd met een afname 
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van psychische klachten bij alle psychologische stoornissen, echter de afname 
was klein en de klinisch relevantie lijkt beperkt.   
Frozen shoulder is een invaliderende complicatie na schouder-operaties. In 
een groep van 505 patiënten werden de incidentie en prognostische factoren 
van frozen shoulder na electieve schouder chirurgie bepaald (Studie 4). Een 
predictie model werd ontwikkeld om frozen shoulder na schouderoperaties te 
voorspellen. Frozen shoulder kwam voor in 11% van de patiënten na een 
schouderoperatie; vaker bij vrouwen (15%) dan bij mannen (8%). Frozen 
shoulder werd even vaak waargenomen in alle onderzochte schouder 
diagnoses. Een predictie model met 4 variabelen (diabetes mellitus, 
gespecialiseerde schouder fysiotherapie, arthroscopische chirurgie en DASH 
score) discrimineerde redelijk goed met een AUC van 0,712. Frozen shoulder 
na schouderoperaties werd niet vaker gezien bij patiënten met psychische 
klachten. 
Verschillende schouder scores zijn beschikbaar om pijn en functie van de 
schouder vast te leggen, variërend van meer objectieve scores die door de 
orthopeed ingevuld worden tot subjectieve scores die de patiënt zelf kan 
invullen (PROMs). Psychische klachten kunnen schouder scores beïnvloeden 
met als resultaat een slechtere uitkomst. In Studie 5 is onderzocht in welke 
mate psychische klachten (depressie, angst, somatisatie en distress) invloed 
hebben op een functionele schouder score (DASH score) en een meer 
objectievere schouder score (Constant-Murley score). In 500 opeenvolgende 
patiënten die op de wachtlijst stonden voor een schouderoperatie werden de 
preoperatieve DASH score, Constant-Murley score, en de 4DKL score bepaald. 
Multivariabele modellen toonden aan dat psychische klachten een significante 
bijdrage leverde aan het verklaren van de variantie van de preoperatieve 
schouder scores, meer bij de DASH score dan bij de Constant-Murley score. 
Een toenemend aantal psychologische stoornissen bleek geassocieerd met 
slechtere Constant-Murley en DASH scores. Orthopeden zouden op de hoogte 
moeten zijn van de invloed die psychische klachten hebben op schouder 
scores, bij het kiezen van een schouder score en het interpreteren van 
uitkomsten van behandeling. 
De ‘minimal clinically important difference’ (MCID) is gedefinieerd als de 
kleinste, te meten, verschil score waarvan de patiënt aangeeft dat die klinisch 
belangrijk is. In de vorige studie zagen we dat de DASH score beïnvloed werd 
door de aanwezigheid van psychische klachten. Het is onbekend of psychische 
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klachten invloed hebben op de hoogte van de MCID. Om de DASH verschil 
score na behandeling te kunnen interpreteren in patiënten met en zonder 
psychische klachten, lijkt het belangrijk om te weten of de MCID vergelijkbaar 
is in patiënten met en zonder psychische klachten. In onze onderzoeksgroep 
van 176 patiënten (Studie 6) bleek dat het hebben van psychische klachten 
geen invloed had op de MCID van de DASH score in patiënten die een 
schouderoperatie hebben ondergaan. In zowel patiënten met als zonder 
symptomen van psychische klachten was de MCID gelijk.  
Niet alleen psychische klachten zijn geassocieerd met functionele uitkomst na 
orthopedische ingrepen. Ook patiëntverwachtingen zijn gecorreleerd met 
klinische resultaten bij verschillende orthopedische operaties. Er is op dit 
moment geen vragenlijst beschikbaar waarmee patiëntverwachtingen 
voorafgaand aan een schouderoperatie gescoord kunnen worden die 
gevalideerd en betrouwbaar is en makkelijk bruikbaar in de dagelijkse praktijk. 
Daarom hebben we besloten om de ‘Patients Expectations of Shoulder 
Surgery (PESS) survey’ te ontwikkelen (Studie 7). De volgende zes 
patiëntverwachtingen werden in de vragenlijst opgenomen: ‘minder pijn 
hebben’, ‘mijn schouder beter kunnen bewegen’, ‘dagelijkse activiteiten beter 
uit kunnen voeren’, ‘beter mijn werk uit kunnen voeren’, ‘beter te kunnen 
sporten en hobby’s uit kunnen voeren’, ‘dat mijn schouder niet meer uit de 
kom gaat’. Drie van de zes verwachtingen waren geassocieerd met functionele 
uitkomst na schouderoperaties (DASH verschil score): ‘minder pijn hebben’, 
‘dagelijkse activiteiten beter uit kunnen voeren’, en ‘dat mijn schouder niet 
meer uit de kom gaat’. Content validiteit werd beoordeeld door een 
patiëntenpanel. Test-herstest betrouwbaarheid was hoog met intraklasse 
correlaties tussen 0.52 en 0.92. De PESS survey bleek een gevalideerde en 
betrouwbare vragenlijst te zijn die in de dagelijkse orthopedische praktijk kan 
worden gebruikt om patiëntverwachtingen te meten. . 
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Klinische relevantie van de uitkomsten van dit proefschrift 

In de meeste patiënten met een correcte diagnose, adequate chirurgische 
techniek en revalidatie, kan schouderchirurgie leiden tot een significante 
verbetering van pijn en functie. Preoperatieve psychische klachten bleken niet 
geassocieerd te zijn met de uitkomst na schouderchirurgie. Patiënten met een 
klinische indicatie voor een schouderoperatie en psychische klachten hoeft 
een operatie niet te worden onthouden. De meeste patiënten met psychische 
klachten hebben baat bij schouderchirurgie, vooral wanneer de psychische 
klachten verdwijnen na de operatie.  
Bij veel patiënten namen preoperatieve klachten van distress, depressie, angst 
en somatisatie af na de schouderoperatie, echter in 56% van de patiënten 
persisteerde psychische klachten. Bij patiënten met psychische klachten 12 
maanden na schouder operatie was de functionele uitkomst en de perceptie 
van verbetering van pijn en functie na schouderoperatie slechter. Als 
patiënten niet tevreden zijn met het resultaat na schouderchirurgie, kan de 
4DKL vragenlijst gebruikt worden om psychische klachten te identificeren. 
Psychische klachten kunnen een oorzaak zijn van het ervaren van 
persisterende schouderklachten. Behandeling van deze psychische klachten 
zou kunnen leiden tot een positievere perceptie van schouder pijn en functie. 
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Dankwoord 

Heel veel mensen zijn direct en indirect betrokken geweest bij dit onderzoeks-
traject. Alleen had ik dit nooit kunnen volbrengen. Gevraagd, maar heel vaak 
ongevraagd ondervond ik steun en hulp, vaak uit onverwachte hoeken. Ik ben 
iedereen die mij op enige manier heeft geholpen dan ook zeer dankbaar. Ook 
alle interesse van iedereen binnen en buiten het Deventer Ziekenhuis heeft 
mij veel energie gegeven om door te gaan met dit project. In dit dankwoord 
kan ik slechts een beperkt aantal mensen bedanken. Weet dat ook al ben je 
niet genoemd, mijn dank voor elke bijdrage zeer groot is. 

Beste Sjoerd, hooggeleerde professor Bulstra. Ik weet nog als de dag van 
gisteren dat ik schoorvoetend je kamer binnenkwam om te vragen of je mij 
wilde begeleiden met een promotietraject. Ik had heel veel plannen maar nog 
geen enkele publicatie. Je bent zeer breed geïnteresseerd en je kennis is 
enorm, maar op het gebied van de schouder was je nog geen expert. Toch 
hoefde je geen moment te twijfelen en sprak je je onvoorwaardelijke steun 
uit. Vanaf dag 1 voelde ik mij enorm gesteund en gemotiveerd door je. Je bent 
laagdrempelig, hebt passie, humor en kent je sterke maar ook zwakke kanten, 
als hoogleraar ben je uniek. Het was altijd weer een feest om bij je langs te 
mogen komen. Begonnen met een onderzoek naar psychologische 
problematiek bij schouderpatiënten trok jij het onderwerp breder en kreeg 
het nieuwe dimensies. De lol die je had toen je een mini-enquête over dit 
onderwerp uitvoerde op een congres met willekeurige voorbijgangers was 
hilarisch.  
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Mijn mening stond altijd voorop. Je gaf mij adviezen die ik niet van je hoefde 
op te volgen. Maar altijd bleek je gelijk te hebben. Tevreden, maar met een 
overvol en pijnlijk hoofd, vertrok ik dan weer naar Deventer. Sjoerd, ik wil je 
heel hartelijk danken voor al je hulp en adviezen, het was een voorrecht om 
onder je te mogen promoveren. 

Beste Esther. Kersvers als wetenschap coördinator in het Deventer Ziekenhuis 
stond ik bij je op de stoep met de vraag of je me wilde helpen. Ik wilde er een 
Deventer onderzoeksproject van maken met elke expertise die ik kon vonden 
in het Deventer Ziekenhuis. Binnen de kortste keren waren we gezamenlijk 
hard aan het werk en gunde je mij de eer om onder jou te mogen promoveren 
als copromotor. Altijd enthousiast, ik heb je nog nooit nee tegen me horen 
zeggen, samen zijn we als een stoomlocomotief op getrokken en hebben we 
ongelofelijk veel bereikt. Zonder jou had ik het niet gered, met jouw energie 
en optimisme was geen berg te hoog. Vele uren hebben we naast het paard 
met de lamp gediscussieerd, altijd vonden we weer een weg om door te gaan. 
De lat lag altijd hoog, je kritische houding bleef het hele traject overeind, hoe 
veel ik ook probeerde en bleef drammen. Ik ben je zeer dankbaar voor al je 
steun, hulp en fantastische epidemiologische begeleiding. Het was gewoon 
superleuk om dit samen te doen. 

Beste Berend, met de 4DKL score en onze validatiestudie heb je aan de basis 
gestaan van dit proefschrift. Een artikel schrijven over een validatiestudie en 
die gepubliceerd te krijgen leek mij een onmogelijke opdracht. Vele uren heb 
je mij begeleid, maar ik moest het artikel wel zelf schrijven. Dank voor je 
geduld en het vertrouwen, het is ons gelukt! De 4DKL score is doorgedrongen 
tot de Orthopedische wetenschappelijke wereld. Hopelijk volgen er nog vele 
artikelen met jouw 4DKL score. 

Mijn schoudermaatjes van het eerste uur, Marcel Ipskamp en Robert 
Spenkelink, schouderfysiotherapeuten. Net begonnen als jonge orthopeed in 
Deventer zaten wij al snel om de tafel om te praten over onze schouder 
passie. Binnen de kortste keren was de schouderpoli opgetuigd, waarbij we 
samen de patiënten met schouderklachten bekeken, de diagnose stelden en 
een behandelplan opzetten. We waren ver vooruit op de rest van Nederland. 
Daarnaast zetten we de preoperatieve schouderpoli op en spraken af dat jullie 
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de eerste postoperatieve controle deden na schouderoperaties. Dit alles is 
een zeer succesvolle formule geworden waarmee we een supraregionale 
schouderpraktijk hebben kunnen opbouwen. In de afgelopen  jaren ben ik een 
halve schouderfysiotherapeut geworden en jullie een halve schouderdokter. 
Gezamenlijk hebben we de aanzet gegeven tot het oprichten van het 
Schoudernetwerk Deventer/Salland, een groep kundige schouderfysio-
therapeuten die alle patiënten na schouderoperaties behandelen. Robert 
heeft de overstap gemaakt naar zijn eigen praktijk in Nijverdal en blijft van 
een afstand de positieve factor. Marcel is mijn grote steun op de schouderpoli, 
altijd enthousiast, altijd bereid zich te verdiepen in de meeste complexe 
schouderpathologie die ik hem (soms moet) aanreiken. Ik hoop nog lang met 
je te kunnen samenwerken! 

Marleen Jaspers is als stille, hardwerkende kracht als schouderfysiotherapeut 
onmisbaar op de preoperatieve schouder polikliniek. Je hebt zeer veel 
patiënten gescoord en daarbij een grote bijdrage geleverd aan dit onderzoek. 
Ik ben je heel dankbaar.  
Hannie Elskamp, research verpleegkundige Orthopedie, is mijn grote steun 
geweest tijdens het opstellen van de webbased schouder enquête en het 
verzamelen van de postoperatieve gegevens. Je niet te temmen positivisme, 
inzet en bulderende schaterlach waren een grote stuwende kracht tijdens ons 
onderzoek. De ongelofelijke follow-up rate van 98 % komt geheel voor jouw 
rekening. Als een tijger heb je bovenop alle patiënten gezeten met dit mooie 
resultaat als gevolg. 

Marleen Gerritsen is later toegetreden aan ons onderzoeksteam. Ik ben zeer 
blij met je adviezen, kennis en onderzoekservaring waardoor we op het 
complexe gebied van de psychologische symptomen grote stappen vooruit 
hebben kunnen zetten. Voor jou geldt ook dat ik zeer blij ben dat je je 
spaarzame tijd hebt willen gebruiken om mij te helpen met het onderzoek. 

Mijn vakgroep ben ik zeer erkentelijk voor de vrijheid, support en de expertise 
die ik heb ervaren tijdens mijn onderzoek periode. We zijn allen heel 
verschillend maar gezamenlijk sterk, we vullen elkaar heel goed aan. Ik ben 
zeer blij dat ik me door jullie inzet heb kunnen ontwikkelen als schouder 
orthopeed en heb kunnen werken aan dit onderzoekstraject. Dit betekende 
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wel dat ik jullie soms moest lastigvallen in mijn dienst om me te helpen met 
het plaatsen van een heupprothese. Nooit was er gemor, alleen maar 
positieve stimulans. Lex, bedankt voor je enthousiasme en interesse voor het 
onderzoek. Je leeft ons voor dat ook als ervaren orthopeed er nog steeds veel 
te ontdekken valt. Hans Peter, dank voor het klankbord, je adviezen en de 
hulp met de LTC tijdens de eerste studie. Met jou in de vakgroep is het doen 
van onderzoek de gewoonste zaak van de wereld. Daniëlle, dank voor de 
voortdurende duwtjes en praktische oplossingen die ik van je kreeg, als ik 
weer eens (te) moeilijk deed. Joost dank voor je relativisme en je 
onbegrijpelijke blik als ik tussen de bedrijven door weer eens met Excel of 
SPSS aan de weer was. Stond ik weer met beide benen op de grond. IJdo was 
mijn brother-in-arms tijdens de onderzoeksperiode. Je hebt mij in contact 
gebracht met de onderzoekers uit de McMaster University in Hamilton, 
Canada, die op de achtergrond van onschatbare waarde zijn geweest tijdens 
dit onderzoek. Ik verwacht nog veel moois uit al je onderzoeksactiviteiten. 

Special thanks to Kim Madden from Canada. Dear Kim, after your visit to 
Deventer, with the start of the Health Trial, you have been an enormeous help 
for me with your epidemiology knowledge and the review of our articles. 
Thank you for all the work you have done. 

Tine, kunstenares en boerin uit Laren. Al jaren genieten we thuis van jouw 
schilderij van koe Femke. De voorkant van mijn proefschrift wilde ik door jou 
laten vormgeven, met een schilderij geïnspireerd op een schets uit 1700. Jij 
wilde alleen maar koeën schilderen, na lange discussies was je bereid om aan 
een schilderij met een mens te beginnen. Het is prachtig geworden. Ik ben 
heel blij dat je, samen met je man Floris, hebt willen meehelpen met de lay 
out van mijn proefschrift. 

Lieve Kirsten, Quinten en Martijn. Ik heb lang nagedacht of ik jullie niet 
bovenaan mijn dankwoord zou zetten. Jullie zijn mijn grootste inspiratiebron 
en hebben enorm meegeleefd met alle publicaties. Tijdens de 
onderzoeksperiode hebben Quinten en Martijn voor Kirsten en mij altijd op de 
eerste plaats gestaan. We hebben duidelijke onderzoek regels opgesteld: er 
werd geen onderzoek gedaan in het weekend of als jullie uit school kwamen. 
Dan was het tijd om leuke dingen te doen met elkaar. Elke publicatie werd 
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gevierd met een etentje in een restaurant. Lieve Kirsten, ondanks ons drukke 
leven heb je altijd volledig achter mijn promotieonderzoek gestaan. Vele uren 
heb je me moeten missen, en moeten leven met een man die eindeloos naar 
zijn computerscherm aan het staren was. Altijd stond je voor mij klaar, met op 
de juiste tijd de zetjes in de goede richting en met enorm veel liefde. We 
hebben dit samen voor elkaar gebracht. Op naar de volgende 
uitdaging…………..     
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