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GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

Distal radius fractures are the most common fractures in the adult population, 
and account for 17.5% of all fractures seen at the Emergency Department.1 The 
incidence of distal radius fractures in the Netherlands is 20 to 40 per 10,000 
persons each year.2,3 Due to this high incidence, distal radius fractures are the most 
expensive injuries of the upper extremity.4,5 This thesis focuses on different aspects 
in distal radius fracture management. The first part of the thesis aims to assess 
current distal radius fracture management including the variation in classification 
systems, thresholds for radiological parameters defining acceptable reduction, 
and indications for surgical treatment. The second part aims to determine the 
performance of two different clinical decision rules: the first to reduce the number 
of radiographs in patients with a wrist trauma at the Emergency Department. The 
second to predict loss of reduction in displaced distal radius fractures. The third 
part of the thesis aims to improve functional outcome in patients with a distal 
radius fracture. Lastly, the last part of this thesis aims to improve treatment for 
displaced distal radius fractures.

Part I: Current distal radius fracture management

Despite the high incidence of distal radius fractures, many aspects in distal 
radius fracture management remain a subject of debate. Currently, different 
classification systems have been proposed to classify distal radius fractures. 
However, all classification systems showed a low intra- and inter-observer 
reliability.6-9 In addition, it is questionable if these classification systems provide 
guidance for treatment and prognosis. Another topic of debate is the absence 
of an unambiguous definition of what constitutes an acceptable reduction. 
Consequently, a variety of different thresholds for radiological parameters defining 
acceptable reduction, are currently being used.10-12 Lastly, while non-displaced 
fractures can be treated non-operatively with good anatomical and functional 
results, treatment of displaced distal radius fractures remains controversial.13,14 
Especially for displaced distal radius fractures with an acceptable closed reduction, 
the question remains if these patients should be treated operatively. However, in 
the absence of guidelines substantiated by evidence, the choice of treatment is 
likely to be influenced by the age and socioeconomic circumstances of the patient, 
as well as surgeons’ preferences.15,16 These surgeons’ preferences in turn vary 
according to the age and background of the surgeon. 17,18 The debatable aspects 
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in distal radius fracture management may likely result in practice variation among 
surgeons. In Chapter 1 we will conduct a survey to characterise current distal 
radius fracture management among orthopaedic trauma surgeons.

The debatable aspects in distal radius fracture management may not only result 
in variation in practice among surgeons, but likely also across hospitals. Practice 
variation can be warranted if it is attributable to patient-related factors such 
as differences in patients’ willingness to undergo surgery and the presence of 
specialised referral centres. However, variation can also be unwarranted due 
to care-related factors such as surgeons’ local culture, beliefs and preferences 
towards surgery and the extent to which surgeons include their patients in the 
decision towards surgery.19,20 To determine the potential unwarranted variation, 
the first step is to address the extent in which practice variation exists. In Chapter 
2 we examine the variation in surgical treatment rates of distal radius fractures 
across all hospitals in the Netherlands.

Part II: Clinical decision rules

In most hospitals, when patients with a trauma of the wrist visit the Emergency 
Department, they are routinely referred for radiography. However, only half of 
these patients have a fracture of the wrist, of which 82% are distal radius fractures.21 
Currently, no clinical guidelines exist to endorse decision-making regarding 
radiographic referral for suspected distal radius fractures. This may result in 
unnecessary radiographs and consequently increased time spent at the Emergency 
Department, increased workload, and additional healthcare costs.22,23 To allow 
physicians to be more selective in their request for a radiograph of the wrist, a clinical 
decision rule in adults has been developed and validated: the Amsterdam Wrist 
Rules (AWR).21 In patients suspected of a distal radius fracture, the AWR calculates 
the probability of a fracture of the distal radius based on a number of clinical 
variables, and provides a recommendation to make a wrist radiograph or not. After 
external validation, a potential reduction of 14.2% was found with a sensitivity and 
specificity of 98% (95% CI: 97–100%) and 25% (95% CI: 19–31%), respectively. The 
next step is to determine if the rule can be successfully implemented into clinical 
practice. In Chapter 3 we will evaluate the effect of implementation of the AWR at 
different Emergency Departments in the Netherlands.

The potential reduction in radiographs requested and consequently the time spent 
at the Emergency Department for patients in whom no radiograph is performed, 
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could potentially result in cost savings. Although the costs per radiograph are 
small, due to the high incidence of wrist trauma the cumulative costs can be 
substantial.4,5 In Chapter 4 we conduct an incremental cost analysis and budget 
impact analysis on the implementation of the AWR at the Emergency Department 
in the Netherlands.

Non- and minimally-displaced distal radius fractures tend to heal in acceptable 
position when managed non-operatively.24,25 However, patients with a displaced 
distal radius fracture are at risk of redisplacement when treated non-operatively 
and therefore operative treatment might be considered. The probability of 
redisplacement of reduced and immobilised fractures of the distal radius can 
inform which patients are considered for surgery.11,26 Unfortunately, these 
potential unstable distal radius fractures are difficult to identify. Several predictors 
of loss of alignment after closed reduction have been proposed.11,26-30 However, 
Mackenney and colleagues were the only one who developed a formula 
to estimate the probability of fracture redisplacement with non-operative 
treatment.11 Although the model is available as an online calculator and can thus 
be used in clinical practice, it has never been externally validated. Evaluating 
the performance of a prediction model in a new patient population, is essential 
before its implementation elsewhere.31 In Chapter 5 we will externally validate 
the prediction model of Mackenney and colleagues among patients with a non-
operatively-treated displaced distal radius fracture.

Part III: Functional outcome following a distal radius fracture

Around half of distal radius fractures are accompanied by a fracture of the ulnar 
styloid process.32-35 A concise understanding of the effect of an ulnar styloid 
process fracture on clinical outcome in patients with a distal radius fracture could 
aid physicians on treatment decisions and prognosis. In Chapter 6 we describe 
the results of a meta-analysis to evaluate the clinical relevance of a fracture of 
the ulnar styloid process on functional outcome in patients with a distal radius 
fracture.

One of the goals of distal radius fracture treatment is to achieve and maintain 
anatomic alignment. Therefore, an increase in open reduction and internal 
fixation (ORIF) for distal radius fractures has been observed over the last 25 
years.15,36 Especially, volar plating has increased in popularity.37,38 This approach 
provides better functional and radiological results compared to other surgical 
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techniques.39-41 However, to position the volar plate on the fracture site, the surgeon 
needs to detach the pronator quadratus muscle from its lateral and distal side.42 
Although the conventional approach involves repair of the pronator quadratus42-44, 
controversy surrounds the merits of this repair. The pronator quadratus provides 
pronation of the wrist and repairing the pronator quadratus could protect the 
volar flexor tendons by covering the hardware. On the contrary, the quality of the 
tissue often precludes a durable repair. In Chapter 7 we compare the functional 
outcome of patients with a distal radius fracture treated with pronator quadratus 
repair after volar plate fixation versus no pronator quadratus repair.

Besides the advantage of immediate stable fixation and consequently early 
mobilization, ORIF is increasingly being carried out due to the general belief that 
an anatomic reduction is positively related to functional outcome. However, 
evidence of a correlation between radiological reduction criteria and functional 
outcome is still inconclusive. In Chapter 8 we will perform a meta-analysis to 
evaluate the association between radiological outcome and patient-reported 
outcome in adults with a displaced distal radius fracture. Secondly, we aimed to 
determine which specific radiological parameters correlate with patient-reported 
outcomes.

Initially displaced distal radius fractures are at risk of losing alignment if treated 
non-operatively. Fracture redisplacement following non-operative treatment has 
been reported in up to 64% of patients.11,27,45 Predictors for redisplacement are 
dorsal comminution and women aged over 60 years.46 If a redisplaced fracture is 
left untreated, this may result in a symptomatic malunion of the distal radius.46,47 
A symptomatic malunion is characterised by functional impairment, loss of grip 
strength and pain.48 Moreover, patients may be unsatisfied with the aesthetics 
of the wrist due to the malunion. The decision whether to perform a corrective 
osteotomy is primarily based on functional demand of the patient and the amount 
of wrist pain. Currently, outcomes after corrective osteotomies are mainly based 
on radiological outcomes rather than functional outcomes. In Chapter 9 we assess 
the long-term functional outcomes of corrective osteotomies for symptomatic 
distal radius malunions.

Outcome following distal radius fractures has traditionally been assessed 
radiologically using radiological parameters, and functionally using range of 
motion and grip strength as parameters. Nowadays patient-reported outcome 
measures are becoming more important and commonly used. For patients with 
a distal radius fracture, the Disabilities of the Arm, Shoulder, and Hand (DASH)  
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questionnaire and the Patient-Rated Wrist Evaluation (PRWE) questionnaire are 
two commonly used patient-reported outcome measures.49 Normally, patient-
reported outcome measures are administered after injury. However, patients 
commonly present with an injury of the wrist, which makes it impossible to assess 
pre-injury physical functioning. Consequently, it is difficult to examine the effect 
of a treatment and whether patients have returned to, or at least come closer to, 
pre-injury ranges of functioning. Therefore, it is important to know the population-
based normative data. Normative data for the DASH questionnaire have been 
determined in specific populations.50-53 However, for the PRWE questionnaire 
no such data are available. In Chapter 10 we will determine the normative data 
for the PRWE questionnaire. In addition, we determine if there are any factors 
influencing this normative data.

Part IV: Should we treat patients with displaced distal radius 
fractures operatively?

When Abraham Colles first reported about the Colles fracture in 1814, he 
probably did not know that the best treatment for displaced distal radius fractures 
would still be discussed today.54 Although he stated that unreduced Colles 
fractures result in a pain-free malunion with a perfect range of motion, recent 
studies have shown that inadequate treatment may result in pain and impaired 
function of the wrist.24,55 According to international guidelines, the recommended 
treatment for patients with acceptably reduced displaced distal radius fractures 
is non-operative by means of plaster immobilisation.14,56 However, up to 60% 
fracture redisplacement after closed reduction has been reported.11,27,46 The 
ideal treatment for initially displaced distal radius fractures should aim on proper 
alignment, no secondary displacement leading to malunion or subsequent surgery 
and optimal functional outcomes. In Chapter 11 we will evaluate the functional 
outcomes of patients with an acceptably reduced distal radius fracture, treated 
non-operatively. In addition, we will determine the rate of subsequent surgeries 
due to secondary displacement. 

Moreover, the recommendations in the current guidelines are based on evidence 
which is not convincing, as it is substantiated by studies that mainly include 
elderly patients and both extra- and intra-articular fractures.57,58 In chapter 12 we 
describe the design of a multicentre randomised controlled trial to compare the 
functional outcome between open reduction and volar plate fixation and plaster 
immobilisation in adults with an acceptably reduced intra-articular distal radius 
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fracture. In Chapter 13 we describe the results of a multicentre randomized 
controlled trial to compare the functional outcome of open reduction and volar 
plate fixation and plaster immobilisation in adults with an acceptably reduced 
extra-articular distal radius fracture. 

The last years, the use of ORIF, especially volar plate fixation, has gained in 
popularity.37,59 The advantage of volar plate fixation is that it provides immediate 
stable fixation which allows for early mobilisation and may therefore result 
in an earlier return to work.60 On the other hand, the direct costs of operative 
treatment are higher than for non-operative treatment and operative treatment 
carries the risk of complications and subsequently potential expenses.61,62 Chapter 
14 describes a health economic evaluation from a multicentre randomised 
controlled trial of volar plate fixation versus plaster immobilisation in patients 
with an acceptably reduced extra-articular distal radius fracture. 
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