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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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ABSTRACT

Purpose: Classification, the definition of an acceptable reduction and indications 
for surgery in distal radius fracture management are still subject of debate. 
The purpose of this study was to characterise current distal radius fracture 
management in Europe.

Methods: During the European Congress of Trauma and Emergency Surgery 
(ECTES) 2015 a 20-question multiple-choice survey was conducted among the 
attending surgeons and residents of the hand and wrist session. Consensus was 
defined as more than 50% identical answers (moderate consensus 50–75% and 
high consensus more than 75%). 

Results: A total of 46 surgeons and residents participated in the survey. High 
consensus was found among both surgeons and residents for defining the AO/
OTA classification as the preferred classification system. For the definition of 
an acceptable reduction, a moderate to high consensus could be determined. 
Overall, high consensus was found for non-operative treatment instead of 
operative treatment in dislocated extra- and intra-articular distal radius fractures 
with an acceptable closed reduction, regardless of age. We found high (surgeons) 
and moderate (residents) consensus on the statement that an intra-articular gap 
or step-off ≥2 mm, in patients younger than 65 years, is an absolute indication 
for ORIF. The same applied for ORIF in dislocated fractures without an acceptable 
closed reduction in patients younger than 75 years of age.

Conclusion: Current distal radius fracture management in Europe is characterised 
by a moderate to high consensus on the majority of aspects of fracture 
management.
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INTRODUCTION

Despite the high incidence of distal radius fractures, around 20–32 per 10,000 
person-year1,2, many aspects in distal radius fracture management remain a subject 
of debate. This is in particular true for a reliable and reproducible classification, 
the definition of an acceptable reduction and when to operate a patient with a 
distal radius fracture.3,4

First, until now around 20 different classification systems for distal radius fractures 
have been proposed. Several studies determined the intra- and inter-observer 
reliability for the most frequently used classification systems and all studies 
showed a low reproducibility and reliability.5-11 Furthermore, it is questionable if 
these classification systems help to guide treatment and prognosis.
Second, another issue is the absence of a well-defined and validated definition 
of what constitutes an acceptable reduction. This is illustrated by the fact that 
studies and guidelines use different definitions of acceptable reduction.3,4,12-14 his 
phenomenon is possibly caused by the contradicting evidence concerning the 
correlation between the quality of reduction and functional outcome.14-19

Third, the optimal method of treatment of patients with distal radius fractures 
remains inconclusive. We know that non-dislocated fractures can be treated 
non-operatively, with good anatomical and functional results.12,13,20 However, 
treatment of dislocated fractures remains a subject of debate.3,4,21 Especially when 
closed reduction achieved an acceptable position, the question remains if these 
patients should be treated operatively. Two randomised controlled trials focused 
on this topic in the elderly.22,23 Both studies compared volar locking plate fixation 
with plaster immobilisation in patients with an acceptable closed reduction and 
showed that the operative group had a better wrist function in the first three 
months, as indicated by lower DASH and PRWE scores. Nevertheless, after one 
year no differences were found. For the young and active population, however, it 
is undecided which treatment leads to the best functional outcome.

These debatable aspects may lead to practice variation. Additionally, previous 
studies showed that this practice variation could also be explained by the age 
and socioeconomic status of the patient, as well as the age and specialisation of 
the surgeon.24-26 In conclusion, this variation indicates a lack of clear evidence in 
distal radius fracture management.27 To characterise current distal radius fracture 
management in Europe, a survey was conducted among the participants at an 
European Trauma and Emergency Congress.
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METHODS

During the European Congress of Trauma and Emergency Surgery (ECTES) 
in Amsterdam in May 2015, a survey was conducted among the attending 
orthopaedic/trauma surgeons and residents of the hand and wrist session.

A 20-question multiple-choice survey was designed to assess the differences 
in clinical practice patterns in Europe. The survey consisted of three modules: 
classification of distal radius fractures, definition of an acceptable reduction and 
the preferred treatment of dislocated distal radius fractures with and without 
acceptable closed reduction. The first module regarding classification consisted 
of two questions concerning the most popular classification systems and if this 
classification guides treatment and prognosis. The second module concerning 
acceptable reduction consisted of six questions. The participants were asked about 
their definition of an acceptable radial inclination (Figure 1), radial height (Figure 
2), ulnar variance (Figure 3), volar angulation (Figure 4), dorsal angulation (Figure 
5) and intra-articular step-off and gap (Figure 6). Illustrative images, exemplifying 
the measurements were displayed simultaneously. The last module of the survey 
concerning treatment of dislocated fractures consisted of ten questions and was 
divided into four subsections: intra-articular fractures with a step-off or gap ≥2 
mm, dislocated extra- and intra-articular fractures with an acceptable closed 
reduction and dislocated fractures without an acceptable closed reduction. 
An acceptable closed reduction was defined as what was previously judged as 
acceptable by the participant. Additionally, a subdivision based on age was made. 
The same questions were asked for patients younger than 65 years of age, patient 
between 65 and 75 years and patients older than 75 years.

The survey was conducted using TurningPoint 5 software (Turning Technologies, 
Youngstown, USA) and a remote response system. Directly following each 
question, the answers were shown on the screen in the lecture hall. No right or 
wrong answers were given to the participants.

For descriptive outcome analysis, the respondents were divided into two different 
groups: surgeons and residents. High consensus was defined as more than 75% 
identical answers and a moderate consensus was defined as 50–75% of surgeons 
and residents agreeing on the same classification, definition or treatment. 
Everything below 50% was defined as no consensus.
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Figure 3. Ulnar variance

Figure 4. Volar angulation Figure 5. Dorsal angulation

Figure 1. Radial inclination Figure 2. Radial height
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RESULTS

A total of 33 surgeons and 15 residents participated in the survey. Seventeen of 
33 (52%) surgeons and 11 of 15 (73%) residents completed the entire survey. 
From the participants who skipped a question, 53% skipped only one question. 
Two surgeons skipped more than five questions and were excluded from the 
descriptive analyses. This resulted in a total of 46 respondents.

Surgeons

The average of distal radius fracture cases treated each month varied between 
surgeons. Fifty-six percent of surgeons treated more than ten cases on average a 
month (Table 1).

Figure 6. Intra-articular gap (white arrow) and step-off (black arrow)
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Classification of distal radius fracture
There was high consensus on the AO/OTA classification as the preferred 
classification. From the 27 surgeons who preferred the AO/OTA classification, 
50% of surgeons indicated that the AO/OTA classification guides treatment and 
prognosis. The remaining 13 surgeons answered that the AO/OTA classification 
guides only treatment (27%) or neither treatment nor prognosis (23%). Overall, 
half of the surgeons believed the classification systems of their choice guides 
treatment and prognosis (Table 2).

Table 1. Average amount of distal radius fracture cases treated per month (% of total)   N = 46

Surgeons Residents
0 – 5 23 53
6 – 10 19 20
11 – 15 23 0
16 – 20 23 0
> 20 10 27

Table 2. Classification of distal radius fractures (% of total)  N = 46

Surgeons Residents
Preferred classification

AO/OTA 87 87
Melone 0 0
Frykman 6.5 6.5
Fernandez 0 0
Other 6.5 6.5

Guides treatment and prognosis
Only treatment 30 7
Only prognosis 0 7
Treatment and prognosis 47 47
Nor treatment nor prognosis 23 40

Definition of an acceptable reduction
For the definition of an acceptable reduction, a moderate to high consensus 
was found for: radial inclination of ≥15° (58%), a radial height of >5 mm (66%), 
a volar and dorsal angulation of <15° (78%) and <10° (80%), respectively, and an 
intra-articular gap or step-off of <2 mm (83%). There was no consensus on the 
definition of an acceptable ulnar variance. An ulnar variance of 0 mm was most 
often (38%) indicated as acceptable (Table 3).
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Table 3. Definition of an acceptable reduction (% of total)  N = 46   

Surgeons Residents

Radial inclination
≥10° 23 20
≥15° 58 67
≥20° 19 13

Radial height
>5 mm 66 43
>9 mm 34 57

Ulnar variance
≥2 mm 24 50
>1 mm 21 25
0 mm 38 17
<1 mm 7 0
≤2 mm 10 8

Volar angulation
<15° 78 73
<20° 22 27
<25° 0 0

Dorsal angulation
<10° 80 67
<15° 10 33
<20° 10 0

Step-off and gap
<1 mm 17 13
<2 mm 83 73
<3 mm 0 13

Treatment of dislocated distal radius fractures
Intra-articular gap and step-off: There was a high consensus among the surgeons 
on the statement that an intra-articular gap or step-off in a patient younger than 
65 years is an absolute indication for open reduction and internal fixation (ORIF) 
(Table 4).
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Dislocated extra-articular distal radius fracture with an acceptable closed 
reduction: 
For dislocated extra-articular distal radius fractures (AO/OTA type A2 and A3) 
with an acceptable closed reduction, a high consensus was found for plaster 
immobilisation as the preferred treatment for all patients younger than 75 years. 
All surgeons agreed that conservative treatment in patients older than 75 years is 
the preferred treatment. 
Three surgeons decided on ORIF and two surgeons on pins and plaster as the 
preferred treatment for patients younger than 65 years. For the patients of 65–75 
years, ORIF was preferred by two surgeons and pins and plaster by one surgeon. 
None of the surgeons would treat patients with an extra-articular fracture and an 
acceptable closed reduction with an external fixator (Table 4).

Dislocated complete articular distal radius fracture with an acceptable closed 
reduction: 
In patients older than 65 years with an initially dislocated complete articular 
fracture (AO/ OTA type C) with an acceptable closed reduction, a high consensus 
was found for plaster immobilisation as the preferred treatment. In patients 
younger than 65 years, a moderate consensus was found for plaster immobilisation 
as the preferred treatment.
ORIF was the treatment of choice in patients younger than 65 years, in 34% of 
surgeons. In patients from 65 to 75 years, ORIF was the preferred treatment for 
seven surgeons and for the elderly patients, aged above 75 years, two surgeons 
chose for, respectively, ORIF or pins and plaster. None of the surgeons would use an 
external fixator for patients with a complete articular fracture and an acceptable 
closed reduction (Table 4).

Dislocated distal radius fracture without an acceptable closed reduction: 
High consensus was found for ORIF in all patients younger than 75 years with 
a dislocated distal radius fracture without an acceptable closed reduction. Two 
surgeons favoured, respectively, plaster immobilisation or pins and plaster in 
patients younger than 65 years. In patients of 65–75 years, 15% of surgeons 
decided on treatment with pins and plaster and the minority (7%) chose plaster 
immobilisation or treatment with an external fixator.
However, for patients older than 75 years with a dislocated distal radius fracture 
without acceptable closed reduction, no consensus was found for the preferred 
treatment. Plaster immobilisation was preferred in 40% and operative treatment 
in 60% of the surgeons (Table 4).
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Table 4. Preferred treatment of dislocated distal radius fractures (% of total)  N = 46

Surgeons Residents
Intra-articular gap or step-off ≥2 mm in patient <65 years absolute indication for ORIF

I agree 80 60
I disagree 20 40

Extra-articular fracture with acceptable closed reduction (AO/OTA type A2 and A3)
<65 years

Plaster 83 87
ORIF 10 13
Pins and plaster 7 0
External fixation 0 0

65 – 75 years
Plaster 90 93
ORIF 7 7
Pins and plaster 3 0
External fixation 0 0

>75 years
Plaster 100 93
ORIF 0 7
Pins and plaster 0 0
External fixation 0 0

Intra-articular fracture with acceptable closed reduction (AO/OTA type C)
<65 years

Plaster 66 40
ORIF 34 60
Pins and plaster 0 0
External fixation 0 0

65 – 75 years
Plaster 77 80
ORIF 23 13
Pins and plaster 0 7
External fixation 0 0

>75 years
Plaster 93 100
ORIF 3.5 0
Pins and plaster 3.5 0
External fixation 0 0

Dislocated fracture without acceptable closed reduction
<65 years

Plaster 3.5 0
ORIF 93 100
Pins and plaster 3.5 0
External fixation 0 0
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Surgeons Residents
65 – 75 years

Plaster 3.5 6.5
ORIF 78 87
Pins and plaster 15 6.5
External fixation 3.5 0

>75 years
Plaster 40 71
ORIF 33 21
Pins and plaster 13.5 7
External fixation 13.5 0

Table 4. Continued

Residents

The majority of the residents treat an average of zero to five distal radius cases per 
month (53%). Twenty-seven percent of residents indicated that they treat more 
than 20 cases of distal radius fractures on average a month (Table 1).

Classification of distal radius fractures
Among the residents, high consensus was found for the AO/ OTA classification as 
the preferred classification. However, from the 13 residents six residents (46%) 
indicated that the AO/OTA classification guides treatment and prognosis and five 
residents (39%) that it guides neither treatment nor prognosis. Overall, 47% of the 
residents indicated that their preferred classification system guides treatment and 
prognosis and 40% thinks it guides nor treatment nor prognosis (Table 2).

Definition of an acceptable reduction
For the definition of an acceptable reduction, a moderate consensus was found 
for: radial inclination of ≥15° (67%), a radial height of >9 mm (57%), a volar and 
dorsal angulation of <15° (73%) and <10° (67%), respectively, and an intra-articular 
gap or step-off of <2 mm (73%). No consensus was found for the definition of 
an acceptable ulnar variance. An ulnar variance of ≥2 mm was most often (50%) 
indicated as acceptable (Table 3).

Definition of an acceptable reduction
For the definition of an acceptable reduction, a moderate consensus was found 
for: radial inclination of ≥15° (67%), a radial height of >9 mm (57%), a volar and 
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dorsal angulation of <15° (73%) and <10° (67%), respectively, and an intra-articular 
gap or step-off of <2 mm (73%). No consensus was found for the definition of 
an acceptable ulnar variance. An ulnar variance of ≥2 mm was most often (50%) 
indicated as acceptable (Table 3).

Treatment of dislocated distal radius fractures
Intra-articular gap and step-off: 
A moderate consensus was found among the residents for the statement that an 
intra-articular gap or step-off in a patient younger than 65 years is an absolute 
indication for open reduction and internal fixation (ORIF) (Table 4).

Dislocated extra-articular distal radius fracture, with an acceptable closed 
reduction: 
For the initially dislocated extra-articular fracture (AO/OTA type A2 and A3) with an 
acceptable closed reduction, high consensus was found for plaster immobilisation 
as the preferred treatment in all patients. Two residents chose ORIF for patients 
younger than 65 years and one resident for, respectively, patients between 65 and 
75 years and patients older than 75 years. None of the residents chose treatment 
with pins and plaster or an external fixator for patients with an extra-articular 
fracture and an acceptable closed reduction (Table 4).

Dislocated complete articular distal radius fracture, with an acceptable closed 
reduction: 
For the initially dislocated complete articular fracture (AO/OTA type C) with an 
acceptable closed reduction, high consensus was found for plaster immobilisation 
as the preferred treatment for patients from 65 to 75 years. All residents agreed 
on conservative treatment in patients older than 75 years. However, for patients 
younger than 65 years, moderate consensus was found for ORIF instead of 
plaster immobilisation as the preferred treatment. In these patients, plaster 
immobilisation was the treatment of choice in 40%.
In patients from 65 to 75 years, ORIF was the preferred treatment by two residents 
and pins and plaster by one resident. None of the residents would treat these 
patients with a complete articular fracture and an acceptable closed reduction 
with external fixation (Table 4).

Dislocated distal radius fracture, without an acceptable closed reduction: 
All residents chose ORIF as the preferred treatment for a dislocated distal radius 
fracture without an acceptable closed reduction in patient 65 years or younger 
and a high consensus for patients from 65 to 75 years. However, for patients 
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older than 75 years, a moderate consensus was found for plaster immobilisation 
instead of ORIF as the preferred treatment for the dislocated fractures without an 
acceptable closed reduction.
In patients from 65 to 75 years, one resident chose treatment with pins and plaster 
and one resident chose non-operative treatment with plaster immobilisation. In 
the patients older than 75 years, four residents preferred operative treatment. 
Also for the dislocated fractures without an acceptable closed reduction, none of 
the residents decided on treatment with an external fixator (Table 4).

DISCUSSION

A high consensus was found in both surgeons and residents for the AO/OTA 
classification as the preferred classification system. However, only half of the 
surgeons and residents indicated that this classification system guides treatment 
and prognosis. Additionally, 39% of the residents and 23% of the surgeons even 
think it guides neither treatment nor prognosis. This lack of confidence in the 
classification system is supported by the literature and guidelines, which both 
state that there is need for a proper classification system which is more user-
friendly, has a higher intra- and inter-observer reliability and which guides both 
treatment and prognosis.4,10,11,28 Although, CT-scanning of distal radius fractures 
is becoming more popular, it does not significantly improve the inter- and intra-
observer agreement for most classification systems.29,30

In the literature, different definitions for an acceptable closed reduction are used. 
When assessing the definition of an acceptable closed reduction among the 
participants of this survey, a high consensus could be determined among surgeons 
for the definition of an acceptable volar and dorsal angulation and intra-articular 
gap or step-off. And a moderate consensus on the definition of a radial inclination 
and radial height (both surgeons and residents) and volar and dorsal angulation 
and intra-articular gap or step-off for residents. However, a difference was found 
between the surgeons and residents on the definition of an acceptable radial 
height, respectively >5 and >9 mm. Additionally, the definition of an acceptable 
ulnar variance provided a wide variety in answers. Although in literature ulnar 
variance is widely used to predict instability12,31 and radiographic alignment 
following operative or non-operative treatment of distal radius fractures22,32-34, 
our results question whether ulnar variance is as well-known as we think it is 
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and how it is best used in distal radius fracture management. Moreover, there 
was consensus among both surgeons and residents on an intra-articular step-
off and gap of less than 2 mm, indicating an acceptable reduction. However, this 
consensus is likely based on the study of Knirk and Jupiter35, which was corrected 
in 2009 due to methodological flaws.36 Therefore, we might conclude that this 
consensus is likely based on an opinion rather than on evidence.

Variability in treatment strategies for patients with dislocated distal radius fractures 
exists. However, in this survey there was a moderate to high consensus among 
both surgeons and residents on the indicated treatment strategies. In general, 
non-operative treatment was preferred over operative treatment in dislocated 
extra- and intra-articular distal radius fractures with an acceptable closed 
reduction, regardless of age. Only the residents preferred ORIF as treatment for 
complete articular distal radius fractures with an acceptable closed reduction in 
patients younger than 65 years, where surgeons would rather treat those patients 
with plaster immobilisation.

In two recent randomised controlled trials, operative treatment with a volar locking 
plate was compared with non-operative treatment with plaster immobilisation 
in patient of 65 years or older with a dislocated distal radius fracture and an 
acceptable closed reduction.22,23 These studies showed that after one year there 
was no significant difference between these two groups regarding wrist function, 
represented by DASH and PRWE scores. Nevertheless, for younger patients, we 
await the results of the current VIPER trial, which compares the functional results 
of ORIF versus plaster immobilisation for dislocated extra-articular distal radius 
fractures with an acceptable closed reduction in patients younger than 75 years.37

The preferred treatment for patients younger than 65 years with intra-articular 
fractures with a gap or step-off ≥2 mm was ORIF, for both surgeons and residents. 
The same was true for dislocated fractures without an acceptable closed reduction 
in patients younger than 75 years of age. However, for the elderly patients above 
75 years, plaster immobilisation was favoured. This choice for non-operative 
treatment is likely based on studies that show that elderly patients do not 
experience greater satisfaction or better functional outcomes when acceptable 
reduction is achieved.16,38

Although, surgeons and residents in our survey only differed on two aspects of 
treatment strategies for dislocated distal radius fractures, we can generally state 
that residents are more likely to prefer ORIF over non-operative treatment for 
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the younger patients compared to surgeons. Additionally, none of the residents 
decided on treatment with an external fixator for dislocated distal radius fractures, 
regardless of quality of reduction. This finding corresponds with a recent study of 
Waljee et al.26 They found that younger surgeons were more likely to perform 
ORIF and significantly less likely to perform external fixation and percutaneous 
pinning for distal radius fractures. In addition, two recent meta-analysis showed 
that ORIF with a volar locking plate leads to significant better functional outcomes 
and lower DASH scores throughout the entire follow-up, compared to treatment 
with an external fixator.39,40 However, this significant difference was not clinically 
relevant after three months. Moreover, fewer complications have been identified 
in patients treated with ORIF, instead of external fixation or fixation with pins. 
Especially pin-track infections are avoided when using ORIF.41

This study has some drawbacks. Due to the fact that we used a survey, response 
bias could have been present. First, the participants of this survey were able to 
see the responses after the polling was closed. Maybe this could have influenced 
their answer to the next question. Second, the participants were potentially able 
to discuss the answers to the questions with their colleagues or random people 
sitting next to them during the session. Also this could have led to response bias. 
Another possible limitation is that patients could have given a desirable answer, 
while in real practice they would have done something different. Additionally, 
we did not asked the nationality of the participants to see if there would be a 
difference in distal radius fracture management between different countries in 
Europe.
When determining the criteria for an acceptable closed reduction, we did not take 
into account the evaluation of the distal radio ulnar joint (DRUJ). Moreover, more 
factors are important in distal radius fracture management than only age and 
acceptable closed reduction. These factors include hand dominance, occupation, 
expectations of the patient and patient preferences, and all play an important role 
in decision-making.
To determine the different treatment strategies for the different fracture types, we 
only used the AO/OTA classification, because it is the most often used classification 
system in clinical setting. Though, not all clinicians use the AO/OTA classification, 
based on the answers in our survey
Lastly, to our knowledge, a clear definition of consensus does not exist. Therefore, 
we arbitrarily defined high consensus as 75% of participants agreeing on the 
same answer and moderate consensus of 50–75% of participants giving on the same 
answer.
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Conclusion

There is a moderate to high European consensus on the majority of aspects of 
distal radius fracture management. A full consensus about distal radius fracture 
management will probably never be possible, because surgeons will always have 
their preferences and expert-based strategies.25,42,43 Additionally patient preferences 
play an important role in fracture management. However, the remaining variability 
in answers given in this survey reflects the need for more well designed randomised 
controlled trials with a homogeneous patient population. 
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ABSTRACT

The purpose of this study was to examine the variation in surgical treatment rates 
of patients with distal radius fractures across Dutch hospitals. We obtained all 
reimbursement data for the treatment of distal radius fractures for 2012 and 
2013 categorized by hospital. The surgical rate across hospitals was corrected 
for possible explanatory variables using linear regression analyses. We analysed 
a total of 95,754 reimbursements. The operative rate ranged from 0% to 23%, 
with a mean of 9.6%. Hospital type, the percentage of females, the percentage 
of patients over 65, the mean age, average socioeconomic status and the total 
number of patients treated explained only 2.6% of the observed differences in the 
operative rate among hospitals in 2012 and 11.6% in 2013. Our results suggest 
that subjective factors, such as surgeon’s opinions and preferences, significantly 
influence therapeutic decisions in patients with distal radius fractures.
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INTRODUCTION

While the optimal treatment for many patients with distal radial fractures is 
uncontroversial, there are substantial numbers in whom the best management 
remains a matter of debate.1 Patient age, fracture pattern, displacement and 
alleged fracture instability are considered crucial to guide treatment.2,3 However, 
in the absence of recommendations substantiated by evidence in current 
guidelines, the choice of treatment is likely to be influenced by factors, such as 
the availability of resources, surgeon density, socioeconomic circumstances and 
surgeon’s preference. These preferences in turn vary according to surgeon’s age 
and background.4-6 All these factors will potentially result in regional variations in 
the treatment of patients with distal radius fractures.

Considerable variations in medical practice have already been documented for 
a number of elective procedures, such as tonsillectomy, hip replacement and 
prostatectomy.7 Variation in healthcare practices can arise from three general 
factors: chance alone, patient-related factors and provider-related factors. 
Generally, some variation is warranted if it is attributable to patient-related 
factors that affect the need for surgery. Such factors include variations in regional 
incidence of diseases that demand surgical treatment, regional differences 
in patients’ willingness to undergo surgical intervention and the presence of 
specialized referral centres.7,8 Differences in patient-related factors are also known 
as the case-mix of a treatment centre.
However, surgical variation can also be caused by provider-related (or care-
related) factors. These include physicians’ local culture of beliefs and preferences 
about appropriateness of surgery; the extent to which physicians include 
patients in treatment decisions; and broader factors such as regional diffusion of 
developments in surgical care.7,8 Variation based on these factors is unwarranted 
and suggests the potential to improve cost-effectiveness by reducing provision of 
unnecessary surgery. 

Nevertheless, variation cannot be regarded as strictly unwarranted if there is no 
clear optimum treatment. The results of one large randomised clinical trial have 
been published recently9, and the results of other trials to delineate the optimum 
treatment for distal radius fractures are awaited.10-12 Until better evidence is 
available, the first step in addressing potentially unwarranted variation is to gain 
insight into the extent to which variation across practices exists.
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Only one previous study has examined such variation in distal radial fracture 
management across regions or practices. In this study, the authors assessed the 
regional variation in treatment of distal radius fractures in the United States.13 
They studied a sample of Medicare claims and found a significant variation that 
was mainly driven by age and region. However, variation in the surgical treatment 
rate of distal radius fractures has never been investigated in a European setting. 
We hypothesized that, although the Dutch health care system is different from 
that in the United States and basic health insurance is mandatory, there would 
still be a considerable variation in practice. Hence, the aim of this study was to 
examine the variation in surgical treatment rates across all Dutch hospitals.

METHODS

We obtained data for the calendar years 2012 and 2013 from the national 
insurance database on healthcare; this covers 100% of the Dutch population. This 
database is managed by a third party (Vektis, Zeist, The Netherlands) and contains 
reimbursement data of all medical treatments paid for by Dutch insurance 
companies. Almost 99% of Dutch inhabitants have private health care insurance, 
which pays for treatment of a distal radius fracture (http://statline.cbs.nl/
Statweb/?LA=en). Reimbursement of hospital care is exclusively claimed using the 
Diagnosis Treatment Combinations Codes (Diagnose Behandeling Code (DBC)). 
These codes are recorded by physicians for reimbursement purposes, similar to the 
internationally recognized Disease Related Group system. Each DBC code contains 
information about the diagnosis, the type of treatment and the physician. DBC 
codes for distal radius fractures differentiate between conservative treatment and 
surgical treatment. The billing for a conservatively (non-operatively) treated distal 
radius fracture is €506 and €6073 for a surgically treated distal radius fracture. 
Our database comprised the following data arranged by each Dutch hospital: 
the number of patients treated conservatively, the number of patients treated 
surgically, the percentage of female patients, the percentage of patients aged 
over 65 years, the mean age and the mean socioeconomic status.

Socioeconomic status was based on patients’ residential postal codes, which were 
correlated to data from 2010 from the Netherlands Institute for Social Research. 
The socioeconomic status indicates the social status of a neighbourhood 
compared with different neighbourhoods in the Netherlands. Neighbourhoods 
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are classified as districts with the same 4-number zip code. The socioeconomic 
status is the sum of four parameters: the average income in a neighbourhood, the 
percentage of people with low incomes, the percentage of low-skilled people and 
the percentage of people who are unemployed. The higher the score, the better 
the socioeconomic status of the neighbourhood. A negative score indicates that 
the socioeconomic status of the neighbourhood is below the average status in the 
Netherlands. For a small percentage of DBCs (<0.1%), no patient characteristics 
were available. These DBCs were equally distributed across all hospitals.

Data were provided as aggregate data arranged by hospital. There are four types 
of hospital in the Netherlands: (1) university hospitals; (2) tertiary teaching 
hospitals that provide both basic and highly specialized care and train doctors 
in collaboration with university hospitals; (3) general hospitals that provide non-
specialized care; and (4) independent single-specialty treatment centres for 
specialist care. In the Netherlands, most patients with fractures are treated by 
trauma surgeons with a general surgery background. Only a small percentage is 
treated by orthopaedic surgeons.
For the purpose of our analyses, we assumed that the number of procedures 
(both conservative and surgical treatment) equalled the number of patients. This 
assumption does not account for patients with bilateral fractures; however, from 
experience we expect this number to be negligible and estimate that it is not 
more than 50 patients each year.14

Data were analysed using SPSS version 21.0 (IBM Corp. Released 2012, IBM SPSS 
Statistics for Windows, Version 21.0: IBM Corp, Armonk, NY). Continuous variables 
were reported as mean with standard deviation. We created dummy variables for 
the categorical variable hospital type. We used ordinary multiple linear regression 
analyses to model the relationship between the surgical treatment rate and 
possible explanatory variables (hospital type, percentage of females, percentage 
of patients over 65, mean age, mean socioeconomic status and total number of 
patients). A value of p<0.05 was considered significant in the linear regression 
analyses.
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RESULTS

We obtained aggregated data on a total of 95,754 reimbursements for distal 
radius fractures: 49,615 in 2012 and 46,139 in 2013. A total of 79% of the patients 
were treated by a general/trauma surgeon and 21% by an orthopaedic surgeon. 
Overall, general/trauma surgeons had an operative rate of 10% and orthopaedic 
surgeons a rate of 9%.

The operative rate per hospital ranged from 0% to 23%. Figures 1 and 2 illustrate 
the spread in operative rates per hospital in 2012 and 2013. The mean operative 
rate was similar for 2012 and 2013, 9.6% with a standard deviation of 3.9% and 
3.8%, respectively (Table 1).

The 90 hospitals in the Netherlands included in this study comprised eight 
university hospitals, 53 general hospitals, 28 tertiary teaching hospitals and one 
independent treatment centre specialized in orthopaedic surgery. The operative 
rate was highest in the university hospitals (Figure 3).
Regression analysis showed that hospital type, the percentage of females, the 
percentage of patients over 65, the mean age, the mean socioeconomic status 
and the total number of patients explained 2.6% of the differences in the 
operative rate among hospitals in 2012, and 11.6% in 2013 (adjusted R squared 
=0.026 and 0.116). Except for the mean age in 2013, none of these variables was 
independently related to the operative rate (Table 2).

Table 1. Demographic overview (N = 95,754)

Year 2012 2013
Percentage of operative treatments (minimum - 
maximum)

9.6 (2.4 – 21.3) 9.6 (0 – 22.7)

Percentage of females (minimum - maximum) 61.6 (48.7 – 72.3) 61.1 (50.0 - 73.9)
Percentage of patients >65 (minimum - maximum) 23.8 (4.0 – 37.5) 26.4 (17.2 – 38.7)
Mean age (minimum - maximum) 38.3 (30.2 – 52.3) 38.5 (30.9 – 55.1)
Mean SES (minimum - maximum) 0.05 (-1.3 – 1.4) 0.03 (-1.5 – 1.4)

SES: socioeconomic status
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Figure 1. Operative rates per hospital for 2012. Each bar reflects the percentage of operative 
treatments in one hospital in the year 2012, arranged from high to low.

Figure 2.  Operative rates per hospital for 2013. Each bar reflects the percentage of operative 
treatments in one hospital in the year 2013, arranged from high to low. Please note: because 
the percentage are arranged from high to low, the first bar in this graph reflects the hospitals 
with the highest operative rate in 2013. This is not necessarily the same hospital depicted by the 
first bar in the graph for the year 2012.
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Table 2. Results of multiple linear regression analysis

Year 2012 2013

B p-value B p-value
University hospital 0.008 0.686 0.016 0.345
Tertiary teaching hospital 0.009 0.382 -0.003 0.776
Percentage of females -0.014 0.896 -0.181 0.183
Percentage of patients >65 -0.087 0.528 -0.270 0.140
Mean age 0.004 0.089 0.005 0.022
Mean SES 0.007 0.391 -0.004 0.582
Total number of patients 0.000 0.935 0.000 0.616

The regression coefficients represent the mean change in the operative rate for one unit of 
change in the predictor variable while holding other predictors in the model constant. The 
p-value of each predictor is a reflection of whether the linear relationship between the predictor 
and the operative rate is significant (p<0.05 was considered significant). Values presented in 
bold are statistically significant. SES: socioeconomic status; B: regression coefficient.

Figure 3.  The median of the operative rates per hospital type. There is only one independent 
treatment centre where three patients in 2012 and no patients in 2013 were treated operatively. 
IQR: interquartile range.
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DISCUSSION

There is considerable variation in the treatment of patients with distal radius fractures 
across the Netherlands, with operative rates varying from 0% to as much as 23%. 
These differences could not be explained by the hospital type, the percentage of 
females, the percentage of patients over 65 years of age, the mean age, the mean 
socioeconomic status or the total number of patients in each hospital. In fact, there 
was no single variable that was significantly associated with the operative rate. Only 
the mean age of the patients had a small significant influence on the operative rate 
in 2013 (B=0.005, p=0.022). Adjusted for the other factors, an increase in average 
age of the population of 1 year, results in an average increase in operative rate of 
0.5%. However, this relationship was not significant for 2012.

These results might suggest that the choice for operative treatment of patients 
with distal radius fractures is not completely attributable to patient-related factors, 
but also to care-related factors such as the surgeon’s beliefs and preferences. 
Previous studies have already indicated that younger surgeons are more likely to 
perform open reduction and internal fixation (ORIF) of distal radius fractures in 
patients over 65 years of age compared with older surgeons.4,6,15 The surgeon’s 
background also plays a role: orthopaedic surgeons are significantly more likely 
to use ORIF than hand surgeons.5 Given the lack of evidence supporting the 
appropriate treatment option for most patients with distal radius fractures, these 
findings are not surprising. After all, in the absence of an optimum treatment, 
a surgeon’s preference (ideally in a shared decision-making process with the 
patient) is decisive.

Another possible explanation for differences in operative rates is the high variability 
in fracture patterns.16 Every patient is unique and every fracture is different, 
thus requiring a patient-tailored treatment. The higher operative rate found in 
university hospitals might be explained by a larger percentage of multitrauma 
patients who sustained high energy trauma resulting in comminuted fractures.

This study has several limitations. The usefulness of reimbursement data is limited 
by the depth of the data. Ideally we would have considered other case mix factors 
that might influence the type of treatment, such as injury mechanism, fracture 
pattern, hand dominance, functional status of the patient and occupation. 
Unfortunately, this data is not centrally registered, nor is it possible to receive 
individual patient data due to confidentially issues. Therefore, aggregated data 
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per hospital was provided. We attempted to correct for individual differences by 
accounting for the percentage of females and the percentage of patients over 65 
years of age in each hospital. However, correcting for age, sex and social economic 
status is only a surrogate for all factors that might influence choice of treatment. 
Therefore, the results of our study should be interpreted with some caution.
Another limitation of the data is that the reimbursement codes do not differentiate 
between external fixation and ORIF. In our experience, external fixation is 
performed infrequently and surgeons prefer ORIF.17,18 Nevertheless, we were 
unable to examine any difference in the rates of external fixation among hospitals.

Although our results only relate to the situation in the Netherlands, variation 
in surgery rates within countries has been noted in other locations.7 A previous 
study by Fanuele et al. (2009) already showed a significant regional variation in 
the treatment of distal radius fractures in the United States.13 They concluded that 
the type of treatment depended mostly on the patient’s age and address. We also 
found a substantial variation among hospital service areas; however, the patient’s 
age appeared to be of minor importance.
Variation in treatment is not just restricted to distal radius fractures. Considerable 
variations in medical practice have previously been identified for a number of 
elective procedures, such as tonsillectomy, hip replacement and prostatectomy.7,19 
Some of this regional variation might be due to the presence of specialized referral 
centres that focus on operative treatment of complicated cases. However, distal 
radius fractures are not commonly referred to specialized centres but treated 
locally in the nearest hospital. It is also evident from our data that all hospitals in 
the Netherlands, including highly specialized university hospitals, treat patients 
with distal radius fractures. Patients with distal radius fractures are thus a valid 
population for a variation in treatment study.

Considering the €5500 difference in billings between conservative treatment 
and surgical treatment, and assuming that conservative treatment prevails in 
the majority of the cases, there is a substantial potential to reduce costs. If we 
regard an operative rate of 10% appropriate (around the mean that we observed 
in 2013), the annual savings from one hospital with a rate of 15% and a volume 
of 600 patients are potentially as high as €165,000 (0.05 × 600 × €5500). On a 
national scale, this figure could run into millions of Euros cost-savings each 
year. Conversely, the low operative rates found in some hospitals could also be 
an indication of suboptimal treatment of patients with distal radius fractures. A 
hospital that has an operative rate of only 5% might achieve worse functional 
results than a hospital with a higher rate.
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Our database provided a comprehensive overview of all reimbursements of distal 
radius fractures in the Netherlands. It also showed that there is considerable 
variation in the treatment of distal radius fractures among hospitals. Although 
these findings might not be surprising, they are alarming. The variation across 
the country reflects a lack of evidence and suggests that non-scientific influences, 
such as surgeon’s age, background and local culture, prevail and drive therapeutic 
decisions.
The appropriate rate of operative treatment for a given case-mix of distal radial 
fractures is unknown, and without detailed information on individual patients, 
their injuries and outcomes, it is impossible to comment on the appropriateness 
of surgical intervention. Nevertheless, the variation that we observed suggests 
the potential for improved quality and appropriateness of care for patients with 
distal radius fractures. It also supports the notion that we require well-designed 
randomised studies to delineate the optimum treatment for patients with distal 
radius fractures.20
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ABSTRACT

Our aim was to evaluate the effect of the implementation of the Amsterdam 
Wrist Rules (AWR) at the emergency department (ED). In a before-and-after 
comparative prospective cohort study, all consecutive adult patients with acute 
wrist trauma presenting at the ED of four hospitals were included. The absolute 
reduction in the number of wrist radiographs after implementation of the AWR 
was 15% (p<0.001). One clinically irrelevant fracture was missed. Non-fracture 
patients without wrist radiography due to the AWR spent 34 minutes less time 
in the ED compared with non-fracture patients who had a wrist radiograph 
(p=0.015). The physicians adhered to the AWR in 36% of patients. Of all patients 
who did not receive a radiographic examination of the wrist, 92% were satisfied. 
Implementation of the AWR safely reduced the amount of wrist radiographs in 
selected patients and consequently reduced the length of stay in the ED.
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INTRODUCTION

In most hospitals, patients with wrist trauma are routinely referred for radiographic 
examination. However, many of the radiographs are negative. For example, no 
fractures of the wrist were found in 58%, 47% and 75% of all such radiographs by 
Van den Brand et al., Walenkamp et al., and Karaca et al., respectively.1-3

Currently, no clinical guidelines exist to endorse decision-making regarding this 
radiograph referral. This may result in unnecessary radiographs and increased 
time spent at the ED, increased workload, and additional healthcare costs.4-7 A 
thorough history and physical examination is important and may provide guidance 
in the decision to request a radiograph. The value of physical examination findings 
as predictors for wrist fractures have previously been studied.7-9 However, these 
studies were limited by a small study population and did not propose a clinical 
decision rule. Encouraged by the supposed overuse of radiological resources 
due to the lack of clinical guidelines, a clinical decision rule in adults has been 
developed and validated: the Amsterdam Wrist Rules (AWR).2 Based on age and 
a number of clinical variables, the AWR calculates the probability of a fracture 
of the distal radius in patients suspected of having a distal radius fracture. The 
recommendation whether or not to obtain a radiograph of the wrist or not is 
based on this probability.2 The AWR has been externally validated and has shown 
a reduction in radiographs obtained of 14.2%, and a sensitivity and specificity for 
detecting fractures of the distal radius in adults 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 in regular 
clinical practice.10,11 Therefore, the aim of the current study was to evaluate the 
effect of the implementation of the AWR at the ED.

METHODS

Study design and population

This implementation study was designed as a before-and-after comparative 
prospective cohort study. A cohort of patients in which the AWR was implemented 
(after group), was compared with a historical reference group in which the AWR 
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has been developed and validated (before group) 2. To diminish patient variation 
and obtain comparable cohorts, patients in the before-and-after group were 
included in the same four hospitals. Approval was obtained from the Medical 
Ethics Review Committee without the need for informed consent. This study is 
registered with the Dutch Trial Register (NTR5074).

All consecutive adult patients presenting with acute wrist trauma at the ED of 
one academic and three teaching hospitals were included. Acute trauma of the 
wrist was defined as any energetic accident involving the wrist, such as a fall 
on outstretched hand (FOOSH), within 72 hours preceding presentation at the 
ED. Patients who sustained multiple injuries with an Injury Severity Score (ISS) 
of greater than 15, patients whose radiographs were requested prior to their 
consultation at the ED (for example by their general practitioner), patients who 

Figure 1. Amsterdam Wrist Rules mobile application: patient demographics and clinical 
findings
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sustained a wrist fracture in the past 3 months or patients in whom the injury 
occurred more than 72 hours prior to the presentation at the ED, were excluded. 
A log of patients who were screened for eligibility was kept for each participating 
centre.

A smart phone application was developed for use of the AWR: the Amsterdam 
Wrist Rules application. Patients were entered into this study using this smart 
phone application. Patient characteristics, including date of birth and sex, and 
clinical findings during physical examination, were entered into the application 
(Figure 1). Based on these findings, the AWR algorithm calculates the chance of 
having a fracture of the distal radius and gives a recommendation on whether to 
obtain a radiograph of the wrist (Figure 2). The AWR application was also available 
on the study website (www.amsterdamwristrules.nl). 

Figure 2. Amsterdam Wrist Rules mobile application: recommendation to make a wrist 
radiograph or not
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Outcomes

The primary outcome was the difference in the number of wrist radiographs 
before and after implementation of the AWR. A wrist radiograph was defined as 
a posterior-anterior (PA) and lateral radiograph of the distal radius and the carpal 
bones. Secondary outcomes were the numbers of clinically relevant missed distal 
radius fractures, the overall length of stay in the ED before and after implementation 
of the AWR, physician compliance regarding the AWR, and patient satisfaction and 
experience with the care received at the ED. 

A distal radius fracture was defined as the presence or disruption of one or more of 
the cortices of the distal radius 12. A fissure and small avulsions of bony fragments 
were considered to be fractures as well. We defined a clinically relevant missed 
fracture as a fracture for which prognosis or treatment, including treatment with 
plaster, closed reduction and an operative treatment, would have been affected 
by a delayed or missed radiographic diagnosis. 
If no radiograph was acquired, patients were contacted after seven to ten days by 
phone. Patients were invited to visit the outpatient clinic if the patient failed to 
meet all of the following criteria: (1) pain has decreased, (2) ability to use wrist has 
improved, (3) able to lift more than 2 kg, (4) ability to push open a heavy door, (5) 
has returned to normal daily activities excluding sports, and (6) no plans to see a 
physician about wrist. At this point, referral for any additional work up was at the 
discretion of the treating physician. In addition to these questions, patients were 
asked if they consulted another physician related to the trauma of the wrist and 
if this physician acquired a radiograph of the wrist and gave additional treatment.
Overall length of stay in the ED was defined as the time patients entered the 
ED and the time patients left the ED. Difference in length of stay in the ED 
was defined by comparing non-fracture patients without a wrist radiography 
due to the AWR with non-fracture patients who had a wrist radiograph. 
Physician compliance regarding the AWR was assessed in the smart phone 
application, with an additional question after the recommendation was 
given. If the physicians indicated that they were not planning to adhere to the 
recommendation, four possible answers could be given: (1) I disagree with the 
recommendation, (2) patient insists on radiograph, (3) I have the suspicion on an 
associated injury, and (4) other (Figure 3). 

For patients in whom no radiograph was acquired, patient satisfaction and 
experience with the care received during their consultation at the ED was 
assessed during a short telephone survey after one week. Patients were asked if 
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they were satisfied or not and if they felt secure without a radiograph of the wrist 
having been obtained. If not satisfied, they were asked if they would have felt 
more secure if a radiograph of the wrist would have been made. Additionally, they 
were asked if they would have been willing to wait longer at the ED to be 100% 
sure that a distal radius fracture was ruled out.

Figure 3. Amsterdam Wrist Rules mobile application: adherence of the physicians
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Sample size and statistical analysis

The sample size calculation was based on the primary outcome: the difference in 
the number of wrist radiographs. We assumed 90% of all patients with a suspected 
distal radius fracture were sent for radiography. For the sample size calculation, 
we considered a minimal reduction of wrist radiographs of 9% to be feasible. 
Consequently, with an alpha of 5% and power of 90% and using the standard 
formula for superiority trials, this resulted in 342 patients per group. Presuming 
a loss to follow up of 10%, inclusion of at least 377 patients with wrist trauma in 
whom the Amsterdam Wrist Rules were applied was required. The same number 
of patients were required for the historical reference group. 

General descriptive statistics for both groups on patient characteristics at baseline 
were performed including factors such as sex, age and fracture characteristics. 
Differences in sex and fracture characteristics between both groups were 
compared using a chi-square test and the difference in age was compared using 
a Mann-Whitney U test. The same applied for differences in patient and fracture 
characteristics between the included cohort of patients and the missed inclusions. 
The primary outcome, the proportion of patients referred for radiography before 
and after implementation, was compared using a Chi-Square test. Secondary 
outcomes were analyzed using either an Independent T-test or a Mann-Whitney 
U test for continuous data and a Chi-Square test for categorical data.

RESULTS

Characteristics of study subjects

From November 2014 to January 2016, 402 adult patients were included, of which 
35% were at the academic hospital and 65% at the teaching hospitals. Because the 
registration of non-included patients in the teaching hospitals was incomplete, 
a chart review was performed to verify the number of excluded patients and 
missed inclusions in these three hospitals within the study period.  A total of 
1879 patients were eligible for inclusion of whom 293 patients were excluded 
and 1184 inclusions were missed (Figure 4). The cohort of missed inclusions 
had a significantly lower distal radius fracture percentage and the patients were 
significantly younger compared to the cohort of included patients (Table 1). 
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Assessed for eligibility (n = 1879) 

Excluded  (n = 293) 
♦   Trauma wrist >72 hours before presentation 

at ED (n = 70) 
♦   X-ray already requested (n = 205) 
♦   Multiple trauma patients (n = 4) 
♦   Fracture of the wrist <3 months (n = 14) 
 
Missed inclusion (n = 1184) 

402 patients included in AWR 

Enrollment 

Included 

3

Table 1. Baseline characteristics of included patients versus missed inclusions

Included in AWR
N = 402

Missed inclusions
N = 1184

p-value

Age (median (IQR)) 51 (32 – 67) 45 (26 – 63) <0.001
Female (%) 60.7 57.3 0.240
Distal radius fractures (%) 44 34 0.001

Missed inclusions are patients who fulfilled the inclusion criteria but were not included by 
unknown reasons. Values presented in bold are statistically significant. N: number, IQR: 
interquartile range

Table 2. Baseline characteristics before and after implementation of the AWR

Before  
implementation AWR

N = 859

After  
implementation AWR

N = 402

p-value

Age (median (IQR)) 50 (31 – 63) 51 (32 – 67) 0.294
Female (%) 60.5 60.7 0.957
Distal radius fractures (%) 43 44 0.814

Extra-articular (%) 
Intra-articular (%)

38
62

46
54 0.071

Values presented in bold are statistically significant. N: number, IQR: interquartile range

Figure 4. Flow diagram of patient selection. Missed inclusions are patients who fulfilled the 
inclusion criteria but were not included by unknown reasons.
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The median age of the included patients in the after group was 51 years (IQR 32 
to 67 years) and 61% of the patients were female. Of all included patients, 44% 
sustained a fracture of the distal radius. The historical reference (before) group 
consisted of a cohort of 854 patients. The patient and fracture characteristics 
between both groups were comparable (Table 2). 

Reduction in radiographs and clinically relevant missed fractures

The absolute reduction in wrist radiographs was 15% (99% versus 84%; p<0.001). 
Before implementation of the AWR, no radiograph was requested for 1% of 
patients, compared to 16% after implementation (Table 3). One fracture was 
missed following the recommendation of the AWR. This 55-year old woman was 
intoxicated during her ED visit. The patient was contacted after one week by 
phone and she indicated that symptoms were still present. Therefore the patient 
was invited to the outpatient clinic. A radiograph showed an extra-articular 
fissure for which the patient was treated with a removable splint for four weeks. 
This fracture was considered clinically irrelevant. No other patients received an 
additional radiograph of the wrist or additional treatment elsewhere.

Table 3. Primary and secondary outcomes

Before  
implementation AWR

N = 859

After  
implementation AWR

N = 402

p-value

Wrist radiographs (%) 99.4 84.1 <0.001
ED length of stay  
(hours) (median (IQR))

1:59 (1:25 – 3:05) 2:12 (1:31 – 3:13) 0.074

Values presented in bold are statistically significant. IQR: interquartile range

Table 4. Performance of the Amsterdam Wrist Rules after implementation among 402 
patients with wrist trauma

No distal radius fracture Distal radius fracture
AWR recommends radiograph 162 176
AWR recommends no radiograph 64 0
Sensitivity (% [95% CI]) 100% [97.3% – 100%)
Specificity (% [95% CI]) 28.3% [22.6% – 34.7%] 

Performance was tested based on the 15.3% reduction in wrist radiographs, applying the 
definition of a clinically relevant distal radius fracture. CI: confidence interval
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After implementation, the AWR correctly identified all 176 clinically relevant distal 
radius fractures and thereby achieving a 100% sensitivity and negative predictive 
value (Table 4). 

ED length of stay

There was no significant difference in length of stay in the ED before and after 
implementation of the AWR (Table 3). However, compared with non-fracture 
patients who had a wrist radiograph after implementation of the AWR, those 
discharged without a wrist radiograph spent significantly less time in the ED (118 
minutes versus 84 minutes; p=0.015) (Table 5). 

Table 5. Characteristics of 225 non-fracture patients with and without a radiograph of the 
wrist in the after group

Wrist radiograph
N = 203

No wrist radiograph
N = 22

p-value

Overall ED length of stay 
(median (IQR))

1:58 (1:25 – 2:42) 1:24 (0:55 – 1:54) 0.015

Values presented in bold are statistically significant. IQR: interquartile range

Physician compliance

The physicians involved in implementing the AWR included 193 surgical residents, 
and 209 emergency physicians. The physicians adhered to the AWR in 36% of 
patients. The main reason for not adhering to the AWR was the suspicion of an 
associated injury (71%). In 66% the physicians indicated that they had the suspicion 
of a fracture of one of the carpal bones, in 24% of a distal ulna fracture, and in 10% 
they had the suspicion of other associated injuries. Off all patients who received a 
wrist radiograph despite the recommendation, two patients had a scaphoid fracture 
and one patient had a triquetral fracture. All were all treated non-operatively. No 
distal ulna fractures or other associated injuries were diagnosed. 

Other reasons for physicians not adhering to the AWR were because patients 
insisted on a radiograph (15%), the physician disagreed with the AWR (7%), and 
undefined reasons (7%). There were no distal radius fractures among the patients 
in whom the recommendation of the AWR was not followed (Figure 5). 
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338 radiographs 
(84.1%)

64 no radiograph
(15.9%)

64% did not adhere to the 
recommendation

 36% adhered to the 
recommendation

no distal radius fractures 1 extra-articular fracture
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Among the patients who received no wrist radiograph, eight patients received a 
radiograph of the hand due to the suspicion of a carpal or metacarpal fracture. 
Of these patients, one patients had a pisiform fracture and one patient had a 
triquetral fracture. 

Patient satisfaction

Of the patients who did not receive a radiographic examination of the wrist, 92% 
were satisfied with their consultation at the ED. Three patients indicated that 
they felt less satisfied and insecure because they did not receive a radiographic 
evaluation of the wrist. These three patients indicated that they would have felt 
more secure if a radiograph of the wrist had been made and they would have 
been willing to wait longer at the ED to be 100% a distal radius fracture was ruled 
out. 

Figure 5. Physician compliance and missed fractures
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DISCUSSION

Implementation of the Amsterdam Wrist Rules resulted in a reduction of wrist 
radiographs, which was higher than the expected 14.2% based on the external 
validation study.2 In addition, the sensitivity and specificity were also higher 
compared to the external validation study (98% and 25% versus 100% and 28%).2 
One fracture, which was considered to be clinically irrelevant in retrospect, was 
missed. This fracture occurred in a 55-year old intoxicated woman. The probability 
of missing a fracture can be decreased by a reliable physical examination. 
Therefore, we recommend not using the AWR if the patient is difficult to examine 
due to intoxication or distracting injuries. This same exclusion criterion is used in 
the NEXUS criteria for cervical spine injury.13

With the Amsterdam Wrist Rules, we achieved a 15% reduction in wrist 
radiographs, without missing any clinically relevant fractures. While a larger 
reduction may seem more desirable, this will also result in a lower sensitivity and 
therefore a higher percentage of missed fractures which is undesirable. Moreover, 
on a national level (or even an international level) it corresponds to thousands of 
radiographs and therefore would have a larger impact.

Physicians might perceive that patients are only satisfied if a fracture has been 
ruled out by a radiograph. In contrast, our study shows that 92% of the patients 
who did not receive a radiograph of the wrist were satisfied. Similar results were 
found after implementation of the Canadian C-Spine Rule and after introducing 
the Ottawa Ankle Rules.14-16 Moreover, reassurance and medicolegal factors also 
affect decision making.6 Physicians might be fearful of the medical and possible 
legal consequences of missing a fracture. An important aspect in managing 
patients without a radiograph of the wrist is counselling. During our telephone 
survey, patients indicated that they would not insist on a radiograph if a physician 
explained to them why a radiograph was unnecessary and informed them about 
the natural course. Moreover, counselling will take only a few minutes. While 
conducting and reviewing the radiograph and explaining the findings to the 
patient in a second interaction will take more time. This was confirmed by the 
34-minute reduction in time spent in the ED for non-fracture patients without a 
wrist radiograph. In addition, our study shows that after implementation of the 
AWR, selected patients can be safely sent home without a radiograph of the wrist 
and the instructions to contact either their general practitioner or the hospital 
after seven to ten days if symptoms persist. 
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The AWR was successfully implemented by a variety of different physicians, 
ranging from less experienced residents to experienced emergency physicians 
and surgical residents. However, the compliance with the AWR was low. Only 36% 
of the physicians adhered to the recommendation of the AWR, although there 
were no distal radius fractures among the patients in whom the recommendation 
of the AWR was not followed and a radiograph was taken. The main reason for 
not adhering to the AWR was the suspicion of an associated injury, mainly a 
fracture of one of the carpal bones. In the 64 patients in whom no radiograph 
was recommended due to the AWR, seven patients had a fracture of one of the 
carpal bones (two scaphoid, three triquetrum and two pisiform). However, in four 
of these patients additional radiographs of the hand or CT-scans were performed 
due to the suspicion of a carpal bone fracture by the treating physician during 
physical examination. One scaphoid fracture was diagnosed later. This patient 
had no clinical signs of a scaphoid fracture during physical examination, i.e. 
no anatomic snuffbox tenderness and no pain during axial compression of the 
thumb. He presented himself to the ED one week following trauma because of 
persistent pain. The AWR is not designed to replace a proper physical examination 
and never will replace the clinical experience of the physician, but it is a validated 
tool to guide physicians in the decision to request a radiograph of the wrist in case 
of a suspected distal radius fracture. However, if there is any clinical suspicion of a 
fracture of the carpal bones, appropriate radiographs should be performed.
Moreover, in our cohort of patients, 25 patients (6%) were diagnosed with a 
clinically suspected scaphoid fracture, despite negative wrist radiographs. All 
25 patients were initially immobilised for seven to ten days with a cast until 
further diagnostics were performed. After additional diagnostics, three patients 
were diagnosed with a scaphoid fracture. Scaphoid fractures are often occult on 
plain radiographs of the wrist, and therefore additional diagnostics, including 
radiographs of the carpal bones and even a CT-scan or MRI, are necessary to 
detect these fractures.17-20

Other possible barriers for implementation of a clinical decision rule are forgetting 
the details of the rule, its use requiring too much time, and basing the rule on 
flawed evidence.11 By using a smart phone application for the AWR, we aimed to 
reduce these barriers. Recently, a clinical decision support tool was also successfully 
used to increase the adherence of the Ottawa Ankle Rules.21 Additionally, mobile 
applications have been shown to be more effective than when using non-handheld 
computer devices.22 By showing that the AWR can safely be used, we expect that 
the adherence of physicians towards the AWR will increase in the future.
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After the AWR were introduced at the end of 2015, Karaca et al. proposed the 
Karadeniz wrist rules.3 The results obtained are promising, showing a 100% 
sensitivity and negative predictive value. Yet, the specificity is lower compared to 
the AWR (7% versus 28%) and the reduction in the number of radiographs taken is 
unknown. Moreover, the Karadeniz wrist rules have not been externally validated 
and implemented. Therefore, the clinical applicability has yet to be proven. 

This study has some limitations. First, we chose not to randomise but used a 
before-and-after prospective design. The reason for this was that randomizing all 
patients would not be feasible because wrist trauma is common and therefore 
cognitive guidelines would be learned by the physicians.10 However, we tried to 
diminish selection bias by aiming to include all prospective patients with trauma 
of the wrist. The cohort of missed inclusions had a significantly lower distal radius 
fracture percentage and were significantly younger, which could imply selection 
bias. In contrast, the fact that there were no differences in baseline characteristics 
between the before-and-after group, suggests that patients were not selected on 
age, fracture type or other clinical characteristics and are therefore comparable.  
However, we did not follow-up on the missed inclusions, and therefore we do 
not know if these patients would have developed residual complaints (e.g. due 
to ligamentous injuries). In contrast, all missed inclusions received a radiograph 
at the ED and therefore we know how many of these patients had a fracture of 
the wrist. Patients with ligamentous injuries (e.g. S-L dissociation, TFCC lesion) are 
normally not diagnosed with these injuries at the ED, but present at the outpatient 
clinic after a few weeks with residual complaints. Often additional diagnostics like 
MRI, wrist cineradiography or even wrist arthroscopy are necessary to diagnose 
patients with ligamentous injury. 
Second, we assessed patient satisfaction by a short telephone survey after one 
week. Although 92% of patients indicated that they were satisfied with their 
consultation at the ED and the fact that they did not receive a wrist radiograph, 
these results only represents a small sample. Moreover, there are many factors 
which may determine satisfaction, which were not taken into account.
Third, because of the implementation of the AWR, the EDs had to change their 
workflow. In current practice, all patients are seen by an Emergency Department 
triage nurse and are either sent to the general practitioner or sent for a radiograph 
of the wrist even before an emergency physician or surgical resident has examined 
the patient. This could have incorporated an unwanted decreased compliance 
and led to the missed inclusions. The next step will be to implement the AWR by 
the emergency department triage nurses. This has already successfully been done 
for the Ottawa Ankle Rules, the Canadian C-spine Rule, and for patients with acute 
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cardiac ischemia.23-25 Moreover, we estimate that the reduction in radiographs 
and the time spent in the ED, could also result in cost savings. Therefore, we are 
currently undertaking a comprehensive cost analysis and budget impact analysis, 
taking into account direct costs such as the consultation at the ED and other 
health care providers and the costs of the radiographs taken. We are also including 
indirect costs such as time spent in the ED. Moreover, other patients at the ED could 
potentially benefit because physicians have more time to examine those patients. 
All of this could improve efficiencies at the ED, resulting in better use of resources.
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ABSTRACT

The aim was to conduct an incremental cost analysis and budget impact analysis of 
implementation of the Amsterdam Wrist Rules (AWR) at the ED in the Netherlands. 
A cost-minimisation analysis was performed to determine the expected cost 
savings. The incremental difference in costs before and after implementation of the 
AWR was based on the reduction in costs for radiographs, the cost savings due to 
reduction of ED consultation times and the costs of a re-evaluation appointment. 
In the Netherlands, implementation of the AWR resulted in €203,511 cost savings 
annually nationwide. In the sensitivity analysis, an increase in the physician 
compliance to 100% substantially increased the potential annual cost savings to 
€610,248 (6% of total costs before implementation). Variation in time spent at the 
ED, a decrease and increase in costs and patients presenting annually at the ED 
did not change the cost savings substantially. Implementation of the AWR would 
therefore results in considerable savings of healthcare expenditures, and supports 
the introduction of the AWR into clinical practice, from both a clinical as well as 
health economic point of view.
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INTRODUCTION

A trauma of the wrist is a common reason for a patient to present at the emergency 
department (ED). However only half of the patients who present at the ED actually 
have sustained a fracture of the wrist.1,2 Nonetheless, almost all patients undergo 
radiographs of the wrist. Even though the costs per radiograph are limited, due to 
the high incidence of wrist trauma the cumulative costs can be substantial. The 
estimated total healthcare costs for wrist fractures in the Netherlands are 83 million 
euro per year, making them the most expensive injuries of the upper extremity.3,4

To allow physicians to be more selective in their request for a radiograph, the 
Amsterdam Wrist Rules (AWR) have been developed, externally validated1, and 
recently also implemented. Based on the age of the patient and several clinical 
variables present during physical examination, the AWR provides a recommendation 
to request a radiograph of the wrist or not. After implementation of the AWR, 
an absolute reduction of 15.3% in wrist radiographs was found, without missing 
any clinically relevant fractures. Moreover, due to the AWR non-fracture patients 
without a wrist radiography spent 34 minutes less at the ED compared with 
non-fracture patients who had a wrist radiograph. This reduction in radiographs 
requested and time spent at the ED could potentially result in cost savings.

Therefore, the aim of our study was to conduct an incremental cost analysis for 
the implementation of the AWR at the ED in the Netherlands. Secondary, we 
aimed to conduct a budget impact analysis in order to estimate the total impact 
on the healthcare budget in the Netherlands.

METHODS

In this study we used a diagnostic technology evaluation to determine the 
expected cost savings for implementation of the Amsterdam Wrist Rules.5 The 
total costs of treatment for two cohorts of patients were calculated based on 
their use of resources. Data were retrieved from the recent implementation study 
of the Amsterdam Wrist Rules. This before and after comparative prospective 
cohort study, compared 402 patients in which the AWR was implemented (after 
group), with a historical reference group of 859 patients in which the AWR was 
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not yet implemented (before group). The estimates of fracture prevalence and 
the reduction in radiographs were based on this recent implementation study. 
Patients in the after group were included using a smart phone application 
developed for use of the AWR. All patients that did not receive a radiograph of the 
wrist were telephoned after one week to determine if a fracture was missed, and 
if any subsequent physician appointments or radiographs were performed. 

The baseline characteristics age, gender and the percentage of distal radius 
fractures of the before and after group were comparable (Table 1). After 
implementation of the AWR, the absolute reduction in wrist radiographs was 
15.3% (99.4% versus 84.1%; p<0.001). Before implementation of the AWR, 
in 0.6% of patients no radiograph was requested, compared to 15.9% after 
implementation. 36% of the physicians adhered to this recommendation. Non-
fracture patients without a wrist radiography due to the AWR spent 34 minutes 
less at the ED compared with non-fracture patients who had a wrist radiograph 
(p=0.015). This comprises a 29% reduction in time spent at the ED compared with 
the period before implementation of the AWR.

One patient had a subsequent outpatient clinic appointment and wrist radiograph 
because she still had complaints when she was phoned after one week. She 
received a removable splint for four weeks for a clinically irrelevant fracture.

Table 1. Baseline characteristics before and after implementation of the AWR

Before implementation 
AWR

N = 859

After implementation 
AWR

N = 402

p-value

Age (median (IQR)) 50 (31 – 63) 51 (32 – 67) 0.294
Female (%) 60.5 60.7 0.957
Distal radius fractures (%) 43 44 0.814
Wrist radiographs (%) 99.4 84.1 <0.001

Values presented in bold are statistically significant.N: number, IQR: interquartile range

Cost analysis

Considering that the AWR should not result in differences in health outcomes, 
the economic evaluation was set up as a cost-minimisation analysis and 
addressed direct medical costs (i.e. use of radiographs, consultation at the ED 
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and other healthcare providers, decrease in the length of the ED consultation) 
and nonmedical costs (i.e. travel expenses to the ED and for additional hospital 
appointments). Costs for each consultation at the ED (both with and without a 
radiograph) were estimated and any additional consultations at the ED or other 
healthcare providers were also included. It was assumed that no missed fracture 
would remain undetected indefinitely and that possible fractures missed at the 
ED due to the AWR would not have been missed if the patient had undergone 
radiography. Therefore, we considered additional radiographs and treatment 
related to missed fractures as delayed costs and not as additional costs. The 
subsequent outpatient clinic appointment and the travel expenses to the 
outpatient clinic were considered as the only additional medical cost. Cost savings 
realized by shorter consultation times at the ED were considered as well, since 
this time could be spent for another patient resulting in better use of resources. 
Since we did not expect that a delayed diagnosis would influence the absence at 
work, we did not take into account productivity loss of patients. Moreover, since 
the variables of the AWR are part of the physical examination, we considered the 
additional time of completing the mobile application negligible.

Charges (in euros) of radiographs of the wrist, ED consultations and outpatient 
clinic appointments, and travel expenses were obtained from the Dutch costs 
manual 2016 and extrapolated to 2015 using the consumer price index 6. Travel 
expenses were based on a charge of 19 cents per kilometre, with an average travel 
distance of seven kilometres. An additional three euros was added for the parking 
fee. Values of all costs used in this analysis are displayed in Table 2. Since the 
AWR had a 100% sensitivity on detecting clinically relevant fractures, the baseline 
analysis focused on the incremental cost difference between standard practice 
and application of the AWR. A sensitivity analysis was performed on increasing 
the physician compliance, the time spent at the ED, and increasing and decreasing 
the costs for a radiograph, the consultation at the ED, and additional outpatient 
clinic appointment.

Table 2. Values of all costs per person

ED consultation 260.55
ED consultation with reduction in length of stay at ED 185.51
Outpatient clinic appointment 91.55
Radiograph of wrist 47.02
Travel expenses 4.36

All values are displayed in euros. ED: Emergency Department
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With these assumptions, the incremental difference in costs before and after 
implementation of the AWR was based on the reduction in costs for wrist 
radiographs, the cost savings due to reduction of ED consultation times and the 
costs of a re-evaluation appointment by a physician.

Budget impact analysis

In a budget impact analysis, the study results of the cost analysis were extrapolated 
to the national level to estimate the total impact on the healthcare budget per 
annum for the Netherlands in terms of health benefits. The budget impact analysis 
was based on an estimated number of 34,500 adult patients with a trauma of the 
wrist presenting annually at the ED. This number was based on the Dutch Injury 
Surveillance System (LIS). This national registry, registers all trauma patients who 
present at the ED of a representative sample of hospitals in the Netherlands.

A sensitivity analysis was performed on increasing the physician compliance, 
and time spent at the ED. Moreover, a sensitivity analysis was performed on 
increasing and decreasing the costs for a radiograph and additional outpatient 
clinic appointment, and the number of patients presenting at the ED.

RESULTS

Cost analysis

Table 3 shows the (incremental) cost savings in the total cohort of 402 patients. 
Considering that before implementation of the AWR 99.4% of the 402 patients 
would have received a radiograph of the wrist, the total cost savings after 
implementation of the AWR were €2,420 for the baseline analysis.

In the sensitivity analysis, when considering the reduction in radiographs due to an 
increase in physician compliance of 50%, 75% and 100%, a total amount of €3,519, 
€5,472 and €7,425 could potentially be saved, respectively. If the reduction in ED 
length of stay would be decreased to 15%, the difference in costs decreased as 
well (cost savings €1,665). In contrast, if the reduction in ED length of stay would 
be increased to 40%, the difference in costs were increased as well (cost savings 
€3,033). The same applied if the costs for a radiograph, the consultation at the ED, 
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Table 3. Base case analysis for cost savings

Before implementation After implementation

Number of 
patients

Total costs Number of 
patients

Total costs

ED consultation 402 104,222 379 98,750
ED consultation without wrist 
radiograph

2 371 23 4,267

Outpatient clinic appointment 0 - 1 92
Radiograph of wrist 400 18,808 380 17,868
Travel expenses 402 1,751 403 1,755
Total base case 125,152 122,732

All values are displayed in euros. ED: Emergency Department

Figure 1. Cost savings after implementation of the AWR, including sensitivity analysis
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and additional outpatient clinic appointment would be decreased and increased 
with 15% (€2,057 and €2,784 cost savings, respectively) (Figure 1, Appendix 1).

Budget impact analysis

Finally, the cost savings were translated to cost savings for the Dutch population 
(Table 4). In the Netherlands, an estimated number of 34,500 patients annually 
present at the ED due to a trauma of the wrist. Based on this number of patients, 
implementation of the AWR resulted in €203,511 cost savings.

Table 4. Base case analysis for budget impact analysis

Before implementation After implementation

Number of 
patients

Total costs Number of 
patients

Total costs

ED consultation 34,293 8,935,178 32,525 8,474,519
ED consultation without wrist 
radiograph

207 38,401 1,975 366,391

Outpatient clinic appointment 0 - 86 7,873
Radiograph of wrist 34,293 1,612,473 32,611 150,656
Travel expenses 34,500 150,281 34,586 1,533,385
Total base case 10,736,334 10,532,824

All values are displayed in euros. ED: Emergency Department

In the sensitivity analysis, the potential total cost savings based on an increase 
in physician compliance varied between €610,248 (100% physician compliance), 
€451,311 (75% physician compliance) and €292,491 (50% physician compliance). 
In addition, if the reduction in time spent at the ED was assumed to decrease to 
15%, €139,954 was saved. In contrast, if the reduction in time spent at the ED was 
assumed to increase to 40%, €255,090 was saved. Moreover, a decrease of 15% in 
costs would result in €172,943 cost savings, and an increase of 15% would result 
in €234,078 cost savings. Lastly, keeping in mind a different estimated number of 
patients presenting at the ED in the Netherlands annually, the cost savings would 
be €183,192, based on an estimated number of 31,050 patients (10% decrease), 
and €223,850, based on an estimated number of 37,950 patients (10% increase) 
presenting at the ED annually (Figure 2, Appendix 2).
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DISCUSSION

In this study, the cost analysis and budget impact analysis of implementation of 
the AWR at the ED in the Netherlands was established under a variety of different 
assumptions. Based on the 402 included patients in the implementation study, 
implementation of the AWR results in €2,420 cost savings. Additionally, based on 
an estimated number of 34,500 patients annually presenting at the ED with a 
trauma of the wrist, implementation of the AWR could potentially reduce the costs 
with €203,511. Sensitivity analysis that varied the time spent at the ED, the rate 
of costs for a radiograph and additional outpatient clinic appointment, and the 
number of patients presenting at the ED, did not change the results substantially. 

Figure 2. Budget impact analysis after implementation of the AWR, including sensitivity analysis
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Yet, under each assumption of the sensitivity analysis, implementation of the AWR 
resulted in cost savings compared to current practice. Moreover, an increase in 
the physician compliance doubled the decrease in costs for both the cost analysis 
and the budget impact analysis to an amount of €7,425 and €610,248 (both 6% of 
total costs before implementation), respectively.

The potential cost savings of implementation of the AWR could be beneficial for 
hospitals or healthcare insurance companies. Although these savings may not 
result in a significant reduction in the total annual healthcare expenditures, they 
liberate resources that can be used elsewhere resulting in better use of resources 
at the ED. In contrast to the total annual healthcare expenditures of approximately 
95 billion euro in the Netherlands in 2015, the reduction of radiographs, which 
individually costs little but which is frequently used by physicians, could account 
for far more in the annual growth of healthcare expenditures than do a few big 
technologies.7

Since this study was conducted using a societal perspective, time spent at the ED 
was incorporated. Ideally, this should be calculated by analysing the willingness 
to pay of these patients for time-saving activities.8 However, we assumed that a 
29% reduction in time spent at the ED after implementation of the AWR, equalled 
the percentage of costs saved. Loss of productivity was not taken into account 
since we assumed that a delayed diagnosis would not result in additional days 
off work. Yet, the cost for the additional outpatient clinic appointment and the 
delayed radiograph were taken into account. To control for potential errors in this 
assumption, a sensitivity analysis was performed by decreasing and increasing to 
length of stay at the ED and thereby the costs. Although the different sensitivity 
analyses did not change the results of both the cost analysis and the budget-
impact analysis substantially, increasing the compliance of the physicians to 100% 
doubled the costs savings. We expect that, by demonstrating that the AWR can 
safely be used, the adherence of physicians towards the AWR will increase in the 
future and therefore increasing the cost savings. Moreover, despite the evidence 
that the AWR can safely reduce the amount of wrist radiographs requested and 
thereby reducing costs, physicians may still feel uncomfortable about using the 
AWR. This is mostly related to the concern of missing a fracture in a patients who 
did not receive a wrist radiograph, and the possible medicolegal consequences.9 
However, if the AWR will be generally accepted as good clinical practice and 
endorsed by (inter)national societies, then it is not very likely that implementation 
would lead to liability.10,11
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Finally, radiography of the wrist was assumed to have a 100% sensitivity and 
specificity for identifying fractures of the distal radius, and therefore we assumed 
that no fractures were missed in the before group. Although the physicians’ 
ability to rule out at distal radius fracture is high12, fractures of the distal radius 
are sometimes missed. Either because of misinterpretation of the physician or 
because the fracture was not visible on radiography. Therefore, it is possible that 
the assumption of no missed fractures in the before group was an underestimation, 
causing an underestimation of the cost difference.

Conclusion

The AWR have been shown to safely reduce the number of wrist radiographs 
requested at the ED and consequently the time spent at the ED. Moreover, after 
incorporation of direct and indirect costs, implementation of the AWR has also 
been shown to reduce costs. Implementation of the AWR would therefore result 
in considerable savings of healthcare expenditures, and supports the introduction 
of the AWR into clinical practice, from both a clinical as well as health economic 
point of view.
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Appendix 1. Cost savings after implementation of the AWR

Before 
implementation

After 
implementation

Cost difference

Base case analysis 125,152 122,732 -2,420
Sensitivity analysis

Physician compliance
50% compliance
75% compliance
100% compliance

125,152
125,152
125,152

121,633
119,680
117,727

-3,519
-5,472
-7,425

Time spent at the ED
15% reduction length of stay
40% reduction length of stay

125,224
125,094

123,559
122,060

-1,665
-3,033

Variable cost units
15% decrease in costs
15% increase in costs

106,642
143,662

104,585
140,878

-2,057
-2,784

All values are displayed in euros. ED:  Emergency Department

Appendix 2. Budget impact analysis after implementation of the AWR

Before 
implementation

After 
implementation

Cost difference

Base case analysis 10,736,334 10,532,824 -203,511
Sensitivity analysis

Physician compliance
50% compliance
75% compliance
100% compliance

10,736,334
10,736,334
10,736,334

10,443,844
10,285,023
10,126,087

-292,491
-451,311
-610,248

Time spent at the ED
15% reduction length of stay
40% reduction length of stay

10,743,777
10,730,293

10,603,823
10,475,204

-139,954
-255,090

Variable cost units
15% decrease in costs
15% increase in costs

9,148,483
12,323,877

8,975,540
12,089,799

-172,943
-234,078

Patients presenting at ED
10% decrease in patients
10% increase in patients

9,662,738
11,809,931

9,479,545
11,586,081

-183,192
-223,850

All values are displayed in euros. ED:  Emergency Department
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ABSTRACT

Objective: To externally validate the Edinburgh Wrist Calculator (EWC) in a 
population of patients with distal radius fractures at risk for loss of threshold 
alignment.

Design: A retrospective cohort study.

Setting: One academic hospital.

Patients/participants: All consecutive adult patients with a displaced distal radius 
fracture with initial dorsal angulation >10˚and/or an ulnar variance of >3 mm who 
were treated with closed reduction and cast immobilisation between 2009 and 
2014.

Main Outcome measurement: The sensitivity and specificity for diagnosis of loss 
of threshold alignment within 2 weeks of injury was calculated at the 10%, 40% 
and the original 70% probability thresholds. The Area under Receiver Operating 
Characteristics Curve (AUC) was calculated using two different thresholds for loss 
of alignment: Mackenney and colleagues and the Dutch consensus standards.

Results: The EWC predicted a greater than 70% chance of redisplacement for only 
3 fractures. Redisplacement within 2 weeks occurred in 61 of 99 (62%) fractures 
according to the thresholds of Mackenney et al. and in 18 of 99 (18%) fractures 
according to the Dutch thresholds. The sensitivity increased and the specificity 
decreased using a lower probability threshold for redisplacement. The AUC of 
the EWC was poor for Mackenney’s thresholds (0.47; 95% CI: 0.36 – 0.59) and 
adequate for the Dutch thresholds (0.71; 95% CI: 0.58 - 0.84).

Conclusions: The EWC was a poor predictor of fracture redisplacement greater 
than threshold in displaced distal radius fractures in our patient population.
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INTRODUCTION

Non and minimally displaced fractures tend to heal in acceptable position when 
managed non-operatively.1,2 Patients with a displaced distal radius fracture are at 
some risk of losing alignment with non-operative treatment and might consider 
operative treatment. The probability of redisplacement of reduced and immobilised 
fractures of the distal radius can inform patients considering surgery.3,4 

There are several proposed predictors of loss of alignment after closed 
reduction.3,5-9 Mackenney et al. studied more than 4000 fractures of the 
distal radius and developed a formula to estimate the probability of fracture 
redisplacement with non-operative treatment.4 An online calculator, the 
Edinburgh Wrist Calculator (EWC), is available for use in clinical practice and 
research. Evaluating the performance of a prediction model in various patient 
populations can help determine where it is most useful.10 One recent study 
of 168 patients with displaced distal radius fractures treated non-operatively 
to union found that the probability of malunion using Mackenney’s equation 
correlated with final ulnar variance and radial height and inclination, not 
dorsal tilt, but diagnostic performance characteristics were not calculated.11  
Mackenney’s thresholds for loss of alignment are stricter than the Dutch guidelines 
developed by the Dutch work group for distal radius fractures.12 Therefore, in 
addition to measuring the performance of the EWC in our population of patients, 
we also evaluated the effect of the threshold used to define loss of alignment. 

The aim of this study was to test the performance of the EWC among patients with 
a displaced fracture of the distal radius, treated with closed reduction and cast or 
splint immobilisation, using two different thresholds for unacceptable alignment: 
the thresholds according to Mackenney et al. and the Dutch consensus thresholds.

MATERIALS AND METHODS

Source of data and participants

For this retrospective cohort study, we included all consecutive adult patients with 
a displaced distal radius fracture treated with closed reduction and immobilisation 
who visited the outpatient clinic between January 1st, 2009 and August 4th, 2014. 
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Patients were retrospectively identified using the hospital administration code 
(in Dutch: DBC, Diagnosis and Treatment Combination) for distal radius fractures. 
Ethics approval was not required at our institution.

We used the following radiographic definitions consistent with Mackenney and 
colleagues. Fractures were considered displaced when there was dorsal angulation 
of >10˚and/or a positive ulnar variance of >3 mm. Acceptable reduction was 
defined according to Mackenney et al. as a fracture with dorsal angulation of ≤0° 
and a positive ulnar variance of ≤3 mm. An unacceptable reduction was defined as 
a position with dorsal angulation of >0° and/or a positive ulnar variance of >3 mm 
following closed reduction. The exclusion criteria were similar to Mackenney’s 
protocol: (1) skeletal immaturity; (2) primary operative treatment; (2) prior 
fracture malunion; and (4) missing data. Patients with missing radiographic data 
from the evaluation after reduction were excluded from the analyses.

Study outcomes measures

The primary outcome was radiographic redisplacement of the fracture greater 
than threshold within 2 weeks of reduction. The threshold for unacceptable loss 
of alignment used by Mackenney et al. was a dorsal angulation of >10° and/or a 
positive ulnar variance of >3 mm.4 According to Dutch guidelines, the threshold 
for unacceptable loss of alignment is ≥15˚ dorsal angulation or ≥20˚ volar 
angulation of the distal fracture fragment, ≥5mm radial shortening, or <15˚ radial 
inclination.12

Predictors

According to hospital protocol, patients were evaluated clinically and 
radiographically at presentation, following closed reduction, and at approximately 
two weeks and six weeks after injury. Radiographic evaluation comprised standard 
posteroanterior and lateral radiographs. The following were determined from 
radiographs by one observer (a clinician with extensive experience in distal 
radius fracture research): AO/OTA fracture classification, angulation of the 
articular surface on a lateral radiograph, inclination of the articular surface on 
a posteroanterior radiograph, radial height, ulnar variance and radial shift (in 
millimetres), and the presence of any comminution. Comminution was a purely 
qualitative assessment and included either volar or dorsal comminution or both. 

96 

PART II Chapter 5



5

Mackenney et al. expressed ulnar variance as the difference between the injured 
side and the normal (uninjured) side. However, since we do not regularly image 
the uninjured wrist, ulnar variance was calculated as the difference between 
the injured side and a reference value (0.49 mm positive ulnar variance).13 All 
radiographs were measured using the functions available on the computerized 
radiographical system with a calibrated digital ruler and protractor.

Analysis

We reported medians and interquartile range (IQR) for non-normally distributed 
variables, and means and standard deviations (SD) for normally distributed 
variables. Normality was determined by visually inspecting the histograms.

For each patient, the probability of fracture redisplacement greater than 
threshold was calculated according to the published EWC formula: X = 0.03 * age 
+ 0.38 * (if comminution is present) + 0.21 * pre-reduction ulnar variance –3.12. 
The probability of redisplacement greater than threshold equals (ex / [1 + ex]) * 
100.4 We dichotomized this probability as 70% or greater or less than 70%, as 
proposed by Mackenney.14 The sensitivity, specificity, and positive and negative 
predictive value of these thresholds were calculated. Because only three fractures 
met this criterion, we were asked during the peer-review process to calculate the 
sensitivity and specificity using cut-off values of 10% and 40%.
To estimate the ability of the model to discriminate between patients with and 
without fracture redisplacement, we calculated the Area under the Receiver 
Operating Characteristics Curve (AUC) for the probability of redisplacement 
greater than threshold. Higher AUC scores indicate better discrimination.10 A score 
of ≤0.5 is considered equal to a coin toss and therefore holds no diagnostic value. 

RESULTS

During the study period we treated 515 patients with a fracture of the distal 
radius. A total of 99 patients met the inclusion criteria and were analysed (Figure 
1, Table 1). 
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Eligible patients
N = 515

Included in analysis
N = 99

Primary operative fixation
N = 116

Missing data (no radiographs)
N = 200

Prior fracture malunion
N = 16

Non displaced fracture
N = 84

5

The probability of redisplacement according to Mackenney’s formula was greater 
than 70% for only 3 fractures and only one actually lost alignment (Table 2). Sixty-
one patients (62%) had fracture redisplacement greater than the Mackenney 
threshold within 2 weeks. The AUC for the ability of the EWC to discriminate 
between patients with and without development of fracture redisplacement was 
0.47 (95% CI: 0.36 – 0.59). The sensitivity was 1.6% (95% CI: 0.9% – 9.9%) and the 
specificity was 95% (95% CI: 81% – 99%) (Table 2).
The positive predictive value was 33% (95% CI: 4% – 84%) and the negative 
predictive value 38% (95% CI: 36% – 39%). After decreasing the cut-off value 
of the predicted probability to 40% and 10%, the sensitivity increased to 36% 

Figure 1. Flowchart
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Table 1. Characteristics of study population (N=99)

Age (median, IQR) 63 (54 – 74)
Sex (female), No. (%) 73 (74)
AO/OTA fracture classification, No. (%)

A 55 (56)
B 20 (20)
C 24 (24)

Early redisplacement Mackenney et al.*, Number (%) 61 (62)
Early redisplacement Dutch**, Number (%) 18 (18)

*Redisplacement according to Mackenney et al.: >10° dorsal angulation and/or an ulnar variance 
of >3 mm. **Redisplacement according to the Dutch guidelines: ≥15˚dorsal angulation or 
≥20˚volar angulation of the distal fracture fragment, ≥5mm shortening or <15˚radial inclination.

Table 2. Performance of the model according to thresholds of Mackenney et al. to when 
different cut-off values were applied (N=99)

Early redisplacement 
occurred

Early redisplacement 
did not occur

Total

Fracture with redisplacement*

≥70% 1 2 3
≥40% 22 14 36
≥10% 57 38 95

Fracture without redisplacement# 
<70% 60 36 96
<40% 39 24 63
<10% 4 0 4

Total 61 38 99
Sensitivity (95% CI)

Predicted probability 70% 1.6% (0.9% – 9.9%)
Predicted probability 40% 36% (24% – 49%)
Predicted probability 10% 93% (83% – 98%)

Specificity (95% CI)
Predicted probability 70% 95% (81% – 99%)
Predicted probability 40% 63% (46% – 78%)
Predicted probability 10% 0% (0% – 11%)

*Fractures with redisplacement according to Mackenney’s formula using different percentages 
for the predicted probability. #Fractures without redisplacement according to Mackenney’s 
formula using different percentages for the predicted probability. Abbreviations: CI, Confidence 
Interval
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(95% CI: 24% – 49%) and 93% (95% CI: 83% – 98%), respectively. The specificity 
decreased to 63% (95% CI: 46% – 78%) and 0% (95% CI: 0% – 11%). The probability 
of redisplacement according to Mackenney’s formula was greater than 40% for 36 
fractures, and greater than 10% for 95 fractures (Table 2).

According to the more forgiving Dutch consensus thresholds, only 18 patients 
(18%) developed fracture redisplacement within 2 weeks of reduction. The AUC 
of the model was 0.71 (95% CI: 0.58 - 0.84). The model had a sensitivity of 0% 
(95% CI: 0% – 19%), and a specificity of 96% (95% CI: 90% – 99%) (Table 3). The 
negative predictive value was 81% (95% CI: 81% – 82%). After decreasing the cut-
off value of the predicted probability to 40% and 10%, the sensitivity increased 
to 56% (95% CI: 31% – 78%) and 100% (95% CI: 78% – 100%), respectively. The 
specificity decreased to 68% (95% CI: 56% – 78%) and 4.9% (95% CI: 1.6% – 
12.8%), respectively (Table 3).

Table 3. Performance of the model according to Dutch thresholds to when different cut-
off values were applied (N=99)

Early redisplacement 
occurred

Early redisplacement  
did not occur

Total

Fracture with redisplacement*

≥70% 0 3 3
≥40% 10 26 36
≥10% 18 77 95

Fracture without redisplacement# 

<70% 18 78 96
<40% 8 55 63
<10% 0 4 4
Total 18 81 99

Sensitivity (95% CI)
Predicted probability 70% 0% (0% – 19%)
Predicted probability 40% 56% (31% – 78%)
Predicted probability 10% 100% (78% – 100%)

Specificity (95% CI)
Predicted probability 70% 96% (90% – 99%)
Predicted probability 40% 68% (56% – 78%)
Predicted probability 10% 4.9% (1.6% – 12.8%)

*Fractures with redisplacement according to Mackenney’s formula using different percentages 
for the predicted probability. #Fractures without redisplacement according to Mackenney’s 
formula using different percentages for the predicted probability. Abbreviations: CI, Confidence 
Interval
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DISCUSSION

The Edinburgh Wrist Calculator was not a good predictor of loss of threshold 
alignment in our selected population of patients with initially displaced fractures and 
adequate evaluation time. Since only 3 fractures met the 70% probability criterion, 
most of the other statistics are relatively meaningless. Lowering the probability 
threshold did not result in a better diagnostic performance of the prediction model.

This study has several limitations. Because of its retrospective nature, selection of 
patients for surgery did not follow a protocol. The study population is therefore 
less clearly defined which limits the generalizability of our results. We also had 
to exclude a considerable number of patients due to missing radiographs. Our 
hospital is situated in a city that is frequently visited by tourists who do not 
continue care with us. It’s possible that prospective application to consecutive 
patients mimicking the population of patients used to create the EWC would lead 
to better performance of the model. Another possible reason for the model’s poor 
performance is the method we used to determine the ulnar variance. Mackenney 
et al. calculated the ulnar variance as difference between the injured side and 
the normal (uninjured) side. However, because we do not regularly image the 
uninjured wrist, we used the published normal value for ulnar variance.

Predictors of loss of reduction or instability in distal radius fractures are well 
studied.5,6,8,15-20 However, the definition of acceptable reduction varies across 
studies. In general, the Dutch consensus standards are more forgiving, allowing 
up to 15˚ of dorsal angulation or 20˚ of volar angulation, and 5 mm of radial 
shortening. The EWC performed better when it was used to predict fracture 
redisplacement according to the Dutch thresholds, so it’s possible that more 
forgiving thresholds might perform better in clinical prediction rules. 

The poor performance of the model could be explained by our local practices. 
Our surgeons may be less likely to recommend primary operative treatment, 
leading to a higher rate of redisplacement. The higher percentage of patients 
with fracture redisplacement in our sample (62% versus 43% for Mackenney et 
al.) supports this contention. If the initial prediction rule excluded most of these 
fractures due to primary operative treatment, it may have affected the statistics, 
resulting in a low number of fractures meeting the 70% threshold. Moreover, 
in our study sample 44% of the fractures were intra-articular, while it’s unclear 
how many intra-articular fractures were included by Mackenney and colleagues. 
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A prediction model for redisplacement greater than threshold, and thus a tool 
to select patients pre-emptively for operative treatment, may be of less value in 
patients with intra-articular fractures. This because other factors such as gap and 
step-off play an important role and surgeons might be more likely to recommend 
operative treatment. 

Conclusions

The Edinburgh Wrist Calculator had poor discrimination in our patient population. 
This suggests that the model is not helpful for decision making for the subset of 
patients we studied. We recommend clinicians to validate the model in their own 
population before using it in clinical practice. Additional research is merited to 
determine how closely the practice setting must mimic the setting used to create 
a clinical prediction rule.
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ABSTRACT

The aim of this meta-analysis was to compare the functional outcomes of patients 
with a distal radius fracture with and without a concomitant fracture of the 
ulnar styloid process. A systematic literature search was performed to identify 
all studies comparing patients with a distal radius fracture with and without an 
ulnar styloid process fracture. The initial search revealed 511 articles, of which 12 
articles with a total of 2243 patients were included; 1196 patients with and 1047 
patients without an ulnar styloid process fracture. A statistically significant mean 
difference of 3.40 points (95% CI 1.33–5.48) in the Disability of the Arm, Shoulder, 
and Hand score was found in favour of patients without an ulnar styloid process 
fracture. This difference is less than 10 and therefore not clinically important. No 
significant difference was found in Patient-Rated Wrist Evaluation scores, range 
of motion, grip strength, visual analogue scale pain scores, ulnar-sided wrist 
pain and distal radio-ulnar joint instability between patients with and without an 
ulnar styloid process fracture after 1 year of follow-up. Moreover, no significant 
differences were found between ulnar styloid base and nonbase fractures.
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INTRODUCTION

Distal radius fractures are often accompanied by a fracture of the ulnar styloid 
process.1-4 The effect of a concomitant ulnar styloid process fracture on functional 
outcomes is unclear. Some studies state that a fracture of the ulnar styloid process 
does not significantly affect functional outcome after a distal radius fracture in 
terms of patient-reported outcomes, range of motion and grip strength.5-9 Other 
studies show a negative effect of a concomitant ulnar styloid process fracture on 
functional outcomes.3,10-16 Moreover, attached to the ulnar styloid process is the 
triangular fibrocartilage complex (TFCC).17 A fracture of the ulnar styloid process 
may result in disruption of the TFCC, potentially causing ulnar-sided wrist pain and 
distal radio-ulnar joint (DRUJ).13,17-19

A concise understanding of the effect of ulnar styloid process fractures on clinical 
outcome in patients experiencing a distal radius fracture could aid surgeons on 
treatment decisions and prognosis. 
Therefore, the aim of this meta-analysis was to evaluate the clinical relevance of 
ulnar styloid process fractures in patients with distal radius fractures by comparing 
functional outcomes in patients with and without this injury.

METHODS

This meta-analysis was conducted according to the preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) Guidelines.20

Literature search and study selection

With the assistance of a clinical librarian, a systematic literature search was 
performed in Medline (Pubmed), EMBASE, Cochrane Library and Web of Science, 
on 21 January 2016. The search for each database is depicted in Appendix 1. No 
limitations on publication date were applied.
Two authors (MAMM and LJFS) independently screened the title and abstract 
of all articles on eligibility, using the inclusion and exclusion criteria mentioned 
below. After abstract screening, full texts were retrieved. If the full text of articles 
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could not be found, authors were contacted. Disagreement was addressed by 
discussion until consensus was reached. Additionally, a cross-reference check was 
performed.

Eligible criteria

All studies comparing patients with a distal radius fracture with and without an 
ulnar styloid process fracture were assessed for inclusion in this study. Studies 
were included if they reported on non-operatively treated ulnar styloid process 
fractures, functional outcomes measured with the Disabilities of the Arm, 
Shoulder, and Hand (DASH) questionnaire, the QuickDASH or the Patient-Rated 
Wrist Evaluation (PRWE) questionnaire and had an average follow-up of at least 
12 months. Only English or German studies were included.
We excluded studies that were not available in full text, studies that compared 
functional outcomes based on union and non-union of the ulnar styloid process 
fracture and case series. Studies for which the required data for this meta-analysis 
could not be retrieved from the published or raw data were excluded as well.

Outcome measures

The primary outcome used for this meta-analysis was functional outcome as 
reported by the DASH, QuickDASH or PRWE questionnaire after an average of at 
least 12 months of follow-up. The DASH questionnaire comprises 30 items and 
focuses on two components, disability and symptoms of the upper extremity. 
It is scored from zero (good status) to 100 (poor status).21-23 The 11-question 
QuickDASH is a modified version of the DASH questionnaire and can be used 
instead of the DASH questionnaire with similar precision.24 The minimal clinically 
important difference is 10 for the DASH and 14 for the QuickDASH.25 The PRWE is 
a 15-item questionnaire that focuses on measurement of wrist pain and disability 
in activities of daily living. It is scored from zero (minimum pain and disability) to 
100 (maximum pain and disability).22,26 The minimal clinically important difference 
of the PRWE is 11.5.27

Secondary outcomes were range of motion, grip strength, wrist pain measured 
on a visual analogue scale (VAS), the presence of ulnar-sided wrist pain and DRUJ 
instability. Range of motion included flexion, extension, radial deviation, ulnar 
deviation, pronation and supination, and was reported in degrees. Grip strength 
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was reported in kilograms. Wrist pain was scored, using the VAS, from zero (no 
pain) to 10 (maximum pain).

In addition, we determined the difference in DASH and PRWE scores between 
patients with an ulnar styloid process base and nonbase fracture. A nonbase fracture 
was classified as a fracture located at the distal portion of the ulnar styloid process, 
and a base fracture as a fracture located at the styloid base or in the foveal head.

Data collection

Data collected included publication details, the number of patients subdivided into 
patients with and without an ulnar styloid process fracture, patient characteristics, 
details regarding distal radius fracture treatment, the follow-up in months and 
our primary and secondary outcomes. Moreover, in case a distinction was made 
between base and nonbase ulnar styloid process fractures, this was recorded.

For this meta-analysis, we collected the mean and standard deviation (SD) of the 
DASH, QuickDASH or PRWE score, as well as the range of motion, grip strength 
and VAS pain scores. In case the standard error of a mean (SEM) was provided, 
the SD was obtained by multiplying the SEM by the square root of the sample 
size, according to the Cochrane Handbook. In case range of motion was given in 
other measures than degrees (e.g. relative deficit), authors were contacted for 
original data. Additionally, we determined the presence of ulnar-sided wrist pain 
and DRUJ instability between patients with and without an ulnar styloid process 
fracture per study. For every outcome variable, a subset of the articles was used, 
depending on the data available. In case of missing data, original authors were 
contacted.

Quality assessment

For the quality assessment, the methodological index for non-randomised studies 
(MINORS) was used.28 The MINORS checklist rates each study on the potential risk 
of bias on 12 domains. Each of the 12 domains was scored with zero (not reported 
in the article), one (reported but inadequately) or two (reported adequately) 
points. Two reviewers (MAMM and LJFS) independently assessed the potential 
risk of bias of each of the included studies. Disagreement between the reviewers 
was discussed until consensus was reached.
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Meta-analysis of the primary and secondary outcomes

The mean differences of the primary and secondary outcomes between patients 
with and without an ulnar styloid process fracture were calculated using a 95% 
confidence interval (CI). The same applied to the difference in DASH and PRWE 
scores between patients with an ulnar styloid process base and nonbase fracture. 
As the DASH and QuickDASH scores address the same questions and both 
range from zero to 100, their results were reported together. For the secondary 
outcomes, ulnar-sided wrist pain and DRUJ instability, risk ratios were calculated 
with corresponding 95% CI. For all outcomes, an inverse variance method and 
random effect model were applied.29 If studies reported results per anatomical 
region (i.e. tip, middle and base of the ulnar styloid process), data were pooled 
using a weighted mean and SD according to the Cochrane Handbook. In case 
multiple follow-up moments were used, only the data of the follow-up moment 
closest to 12 months post-injury were derived from the article. Differences in 
outcome were considered statistically significant if the p-value was less than 0.05. 
Heterogeneity was determined using I2 statistics.30 In addition, sensitivity analyses 
were performed for our primary outcome based on the inclusion criteria and the 
meta-analytic model. Meta-analyses were conducted using Review Manager 
(Cochrane Collaboration, version 5.2, London, UK).

RESULTS

Literature search and study selection

The initial search found 511 articles, of which 278 remained after excluding 
the duplicates. After title and abstract screening, 33 articles were considered 
for inclusion. Of two articles, the full text was not available despite contacting 
the authors.31,32 After full-text screening, 13 articles met our inclusion criteria. 
However, one article reported insufficient data, even after contacting the authors, 
and could not be included in the meta-analysis.33 This left 12 articles for the meta-
analysis. The study selection is displayed in Appendix 2.
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Characteristics of the included studies

The included studies were published between 2009 and 2016. A total of 2243 
patients were included, consisting of 1196 patients with an ulnar styloid process 
fracture and 1047 patients without a ulnar styloid process fracture (Appendix 3). 
In seven studies, all distal radius fractures were treated operatively. One study 
reported non-operative treatment only. The four remaining studies reported both 
operative and non-operative treatments of the distal radius fracture. The risk of 
bias is depicted per study in Appendix 4.

DASH, QuickDASH and PRWE questionnaires

The DASH questionnaire was used in nine studies and the QuickDASH in one study. 
Four studies showed a significant difference in DASH score in favour of no fracture 
of the ulnar styloid process.1,10-12 A significant difference was found in the study 
of Amorosa et al. (26 (SD 23) versus 13 (SD 18), p=0.04), Ayalon et al. (17 (SD 19) 
versus 9 (SD 14), p=0.001), Belloti et al. (13 (SD 14) versus 6 (SD 15), p=0.04) and 
in the study of Krämer et al. (21 and 22 versus 14, p=0.045).
Three of the included studies used the PRWE questionnaire. One study found a 
significant higher PRWE score for ulnar styloid process-base fractures after 12 
months.13 Moreover, Finsen et al. found a significant correlation between an ulnar 
styloid process fracture and both the PRWE and the QuickDASH score (Spearman 
correlation 0.189 and 0.163, respectively, p<0.001).34

In the meta-analysis, two studies provided insufficient data on the DASH score, 
and could therefore not be added to the meta-analysis.1,6 We found a significant 
mean difference of 3.40 points (95% CI 1.33–5.48) in DASH score in favour of no 
ulnar styloid process fracture (Figure 1(a)). The heterogeneity was 52%, which 
might embody moderate to substantial heterogeneity. No significant difference 
was found in PRWE scores (Figure 1(b)).
A sensitivity analysis was performed for the DASH score based on the age of the 
included patients. Only the article of Amorosa et al. included patients aged 70 
years and older10, where all other articles included patients of all ages. We found 
that, by excluding the article of Amorosa et al., the outcome was still statistically 
significant (mean difference: 3.04 points (95% CI 1.12, 4.97), p=0.002 and I2=47%). 
In addition, the meta-analytic model was changed. This also did not change the 
significance of our results.
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Range of motion and grip strength

Data on range of motion was available in nine studies. Krämer et al. and Belloti 
et al. reported loss of motion instead of range of motion.1,12 Moreover, Kim et al. 
reported the full arc of flexion–extension and forearm rotation7, and Ayalon et 
al. reported the range of motion as a percentage of the uninjured side.11 Their 
results could not be used in the meta-analysis. A significant mean difference in 
radial deviation was found in favour of no ulnar styloid process fracture (mean 
difference: 1.17 (95% CI 0.14, 2.20), p=0.03 and I2=0%) and in supination in favour 
of an ulnar styloid process fracture (mean difference: –1.46 (95% CI –2.64, –0.28), 
p=0.02 and I2=0%). Overall the range of motion was not significantly different 
(Appendix 5).
Grip strength was measured in 10 of the included studies. A significant difference 
between patients with and without a fracture of the ulnar styloid process was only 
found in the study of Krämer et al. (68% healed ulnar styloid process fracture and 
69% non-united ulnar styloid process fracture versus 91% no ulnar styloid process 
fracture, p=0.001).1 For the meta-analysis, data on grip strength were available in 
six studies. No significant difference in grip strength was found (Appendix 6).

Figure 1. (a) Forest plot of comparison functional outcome ulnar styloid process fracture 
versus no ulnar styloid process fracture measured with DASH score. (b) Forest plot of 
comparison functional outcome ulnar styloid process fracture versus no ulnar styloid process 
fracture measured with PRWE score. USP: ulnar styloid process; CI: confidence interval; SD: 
standard deviation.
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Wrist pain and ulnar-sided wrist pain

Data on wrist pain at 12 months was available in five studies, of which three studies 
reported significantly higher pain scores in patients with an ulnar styloid process 
fracture. Both Ayalon et al. and Belloti et al. reported a significant difference in 
mean VAS scores in favour of patients without an ulnar styloid process fracture.11,12 
Krämer et al. assessed three different aspects of wrist pain: during radial and ulnar 
deviation and related to translation of the DRUJ.1 All three VAS pain scores were 
significantly higher in patients with an ulnar styloid process fracture.
The presence of ulnar-sided wrist pain was described in four studies, of which only 
Krämer et al. reported a significant higher VAS score for patients with an ulnar 
styloid process fracture (p=0.011).1

For the meta-analysis, data on wrist pain and ulnar-sided wrist pain were available 
for four and three studies, respectively. No significant differences between 
an ulnar styloid process fracture and no ulnar styloid process fracture for both 
outcomes were found (Table 1).

DRUJ instability

Five of the included studies reported on DRUJ instability. Only Krämer et al. found 
a significant higher rate of DRUJ instability in patients with an ulnar styloid process 
fracture (p=0.032).1 The meta-analysis found no significant difference in DRUJ 
instability between a fracture of the ulnar styloid process and no ulnar styloid 
process fracture (Table 1).

Table 1. Results of the meta-analysis for (ulnar sided) wrist pain and distal radio-ulnar 
joint instability

Outcome 
measurement

Included 
studies

N 
USP 
fractures

N  
No USP 
fractures

I2 (%) Mean difference* / 
Risk ratio** (95% CI)

p-value

Wrist pain a, b, c, h 502 370 93 0.16 (-0.70, 1.02)* 0.71
Ulnar sided wrist pain c, e, i 158 113 0 1.01 (0.96, 1.07)** 0.61
DRUJ instability c, d, e, f, g 409 394 29 1.00 (0.96, 1.03)** 0.81

(a) Ayalon 2016, (b) Belotti 2010, (c) Chen 2013, (d) Daneshvar 2014, (e) Gogna 2014, (f) Kim 
2010, (g) Krämer 2013, (h) Souer 2009, (i) Zenke 2009
Values presented in bold are statistically significant.
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Level of the ulnar styloid process fracture

Four studies using the DASH questionnaire and three studies using the PRWE 
questionnaire distinguished results based on the level of the ulnar styloid process. 
No significant differences were found between ulnar styloid process base and 
nonbase fractures for either the DASH and the PRWE scores (Table 2).

DISCUSSION

Meta-analysis of the currently available data suggests that a concomitant fracture 
of the ulnar styloid process does not significantly affect PRWE scores, range of 
motion, grip strength or pain in patients with a distal radius fracture. Although 
DASH scores show a statistically significant difference in favour of no ulnar styloid 
process fracture, this difference is well below the minimal clinically important 
difference of the DASH score. In addition, the level of the ulnar styloid process 
fracture seems not to lead to a difference in functional outcomes.

Today, patient-reported outcome measures, such as the DASH and PRWE 
questionnaire, are becoming more important due to the fact that these 
questionnaires not only focus on the functional outcomes, but also take into 
consideration patient-related factors. Consequently, it is not only important to 
understand significant differences but also clinically important differences. This 
meta-analysis shows that there is neither a significant nor a clinically meaningful 
difference for the PRWE questionnaire. For the DASH questionnaire, a significant 
mean difference of 3.40 (95% CI 1.33–5.48) in favour of no fracture of the ulnar 

Table 2. Results of the meta-analysis for the level of the USP fracture

Outcome 
measurement

Included 
studies

N 
USP base 
fractures

N  
USP nonbase 
fractures

I2 (%) Mean difference 
(95% CI)

p-value

DASH c, d, e, f 142 212 0 -1.92 (-4.51, 0.68) 0.15
PRWE a, b, c 138 173 64 2.02 (-4.47, 8.52) 0.54

(a) Chen 2013, (b) Daneshvar 2014, (c) Finsen 2013, (d) Kim 2010, (e) Reichl 2010, (f) Zenke 
2009
Values presented in bold are statistically significant.
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styloid process was found. Though, this difference is not clinically meaningful. 
Only Amorosa et al. found both a significant and clinically meaningful difference 
of 13.3 (95% CI 2.15–24.45).10 However, they had the smallest study sample of all 
included studies (58 patients).

We found no difference in range of motion and grip strength between a 
concomitant fracture of the ulnar styloid process and no fracture. The mean 
difference found in radial deviation in favour of no ulnar styloid process fracture 
and in supination in favour of an ulnar styloid process fracture was small, 1.2 and 
1.5, respectively. These differences are not clinically meaningful.

Lindau et al. found a correlation between ulnar styloid process fractures and 
TFCC injuries.2 The anatomical insertion of the TFCC is based on the ulnar fovea 
at the base of the ulnar styloid process.35 Therefore, an ulnar styloid process base 
fracture with significant displacement may compromise TFCC integrity, and thereby 
compromising the congruency of the DRUJ.8,19,35 In contrast, with an ulnar styloid 
process nonbase fracture the TFCC remains intact, and therefore the DRUJ will 
remain stable.35 Nonetheless, in this meta-analysis we found no difference in DRUJ 
instability and ulnar-sided wrist pain between a ulnar styloid process fracture and 
no ulnar styloid process fracture. This was confirmed by Fujitani et al. who found 
that a ulnar styloid process fracture is not a reliable predictor of DRUJ instability.36 
Moreover, both magnetic resonance imaging (MRI) scans and wrist arthroscopy 
have shown that there is no association between a rupture of the TFCC and an 
ulnar styloid process fracture.37,38 It has been suggested that ulnar-sided wrist pain 
and DRUJ instability is not solely dependent on the TFCC, but also on secondary 
stabilizers4,17, which could explain why no difference was found in this meta-analysis. 
Moreover, we found no difference in DASH and PRWE scores and the level of the 
ulnar styloid process fracture. This was confirmed by Souer et al. who determined 
the difference between no ulnar styloid process fractures and ulnar styloid process 
base fractures solely.15 They concluded that an unrepaired ulnar styloid process 
base fracture does not influence the functional outcome, even when the ulnar 
styloid process fracture was displaced more than 2 mm. However, in this meta-
analysis we did not determine the effect of the level of the ulnar styloid process 
fracture on DRUJ instability, since this was not addressed in the included articles. 

This study has some limitations. First, the included studies comprised patients 
with different ages, treatment modalities for the distal radius fracture, levels of 
the ulnar styloid process fracture, and durations and follow-up moments. Also, we 
made no distinction in the treatment for the distal radius fracture. Four studies 
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that included both operatively and non-operatively treated distal radius fractures 
were included in this meta-analysis. Two of these studies found a significant higher 
percentage of ulnar styloid process fractures in the operative treated group.1,11 
However, the study of Krämer et al. was only included in the meta-analysis of 
the DRUJ instability and did therefore not contribute to the results of the other 
functional outcomes.1 Second, only patients with non-operatively treated ulnar 
styloid process fractures were included. This could have introduced bias by 
assuming that the more problematic ulnar styloid process fractures were treated 
operatively. Souer et al. found no difference in functional outcomes between 
patients with a displacement of the ulnar styloid process base fracture of more 
than 2 mm and those with less displacement.15 However, the question remains 
if ulnar styloid process fractures accompanied by an unstable DRUJ can be left 
untreated. Third, we did not distinguish between united and non-united ulnar 
styloid process fractures. Moreover, although we looked at a mean follow-up of 
at least 12 months, some included studies had a wide range. This means that a 
few patients with a follow-up shorter or longer than 12 months were reviewed. 
Lastly, the quality of the included studies in the meta-analysis was not optimal, 
and although an effort was made to retrieve the raw data, not all data for all 
outcome variables were complete. As a consequence, not all desired data could 
be used in our meta-analysis.

This meta-analysis indicates that patients with a distal radius fracture and a fracture 
of the ulnar styloid process have the same functional outcome compared with 
patients without a fracture of the ulnar styloid process after 1 year of follow-up. 
Moreover, the level of the ulnar styloid process fracture seems not to contribute 
to a difference in functional outcomes.
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Appendix 1. Search strategy

Pubmed:
(“Radius Fractures”[Mesh] OR radius fracture*[tiab] OR radial fracture*[tiab] OR colles 
fracture*[tiab] OR smith fracture*[tiab] OR smith’s fracture*[tiab] OR barton fracture*[tiab] 
OR barton’s fracture*[tiab] OR wrist fracture*[tiab]) AND (“Wrist Injuries”[MeSH] OR “Wrist 
Joint”[MeSH] OR wrist*[tiab] OR distal*[tiab]) AND (“Ulna Fractures”[Mesh] OR ulna*[tiab]) 
AND (styloid*[tiab])

EMBASE:
(radius fracture/ or (radius fracture* or radial fracture* or colles fracture* or smith fracture* 
or smith’s fracture* or barton fracture* or barton’s fracture*or wrist fracture*).ti,ab,kw.) 
and (wrist/ or (wrist* or distal).ti,ab,kw.) AND (ulna fracture/ or ulna*.ti,ab,kw.) and styloid*.
ti,ab,kw.)

Cochrane Central Register of Controlled Trials:
#1 MeSH descriptor: [Radius Fractures] explode all trees
#2 radius fracture* or radial fracture* or colles fracture* or smith   fracture* or smith’s 

fracture* or barton fracture* or barton’s fracture*or wrist fracture*:ti,ab,kw (Word 
variations have been searched)

#3 #1 or #2
#4 MeSH descriptor: [Wrist] explode all trees
#5 wrist* or distal:ti,ab,kw (Word variations have been searched)
#6 #4 or #5
#7 #3 and #6
#8 MeSH descriptor: [Ulna Fractures] explode all trees
#9 ulna*:ti,ab,kw (Word variations have been searched)
#10 #8 or #9
#11 styloid*:ti,ab,kw (Word variations have been searched)
#12 #10 and #11
#13 ulnar styloid*
#14 (ulnar styloid* or ulnar styloid fracture*):ti,ab,kw (Word variations have been 

searched)
#15 #12 or #13 or #14
#16 #7 and #15

Web of science:
TOPIC: (ulnar styloid* distal radius fracture*) 
Indexes=SCI-EXPANDED, SSCI, ESCI Timespan=All years
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(n = 33) 
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• full text not available (2) 
• different language (4) 
• wrong study design (7) 
• no DASH, QuickDASH or 

PRWE score used (7) 
• follow-up <12 months (1) 

 

Studies included in meta-
analysis 
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• Primary outcome 
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• Secondary 
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Cross reference 
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Appendix 2. Study flowchart
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Appendix 4. Risk of bias
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Appendix 5. Forest plot of comparison range of motion for ulnar 
styloid process fracture versus no ulnar styloid process fracture

Appendix 6. Forest plot of comparison grip strength for ulnar styloid 
process fracture versus no ulnar styloid process fracture

124 

PART III Chapter 6



6

REFERENCES

1. Krämer S, Meyer H, O’Loughlin PF, Vaske 
B, Krettek C, Gaulke R. The incidence of 
ulnocarpal complaints after distal radi-
al fracture in relation to the fracture of 
the ulnar styloid. J Hand Surg Eur Vol. 
2013;38(7):710-717.

2. Lindau T, Arner M, Hagberg L. Intraarticu-
lar lesions in distal fractures of the radius 
in young adults. A descriptive arthroscop-
ic study in 50 patients. J Hand Surg Br. 
1997;22(5):638-643.

3. Oskarsson GV, Aaser P, Hjall A. Do we un-
derestimate the predictive value of the 
ulnar styloid affection in Colles fractures? 
Arch Orthop Trauma Surg. 1997;116(6-
7):341-344.

4. Wijffels MM, Keizer J, Buijze GA, et al. Ul-
nar styloid process nonunion and outcome 
in patients with a distal radius fracture: A 
meta-analysis of comparative clinical trials. 
Injury. 2014;45(12):1889-1895.

5. Chen YX, Zheng X, Shi HF, et al. Will the un-
treated ulnar styloid fracture influence the 
outcome of unstable distal radial fracture 
treated with external fixation when the 
distal radioulnar joint is stable. BMC Mus-
culoskelet Disord. 2013;14:186.

6. Gogna P, Selhi HS, Mohindra M, Singla R, 
Thora A, Yamin M. Ulnar styloid fracture in 
distal radius fractures managed with volar 
locking plates: to fix or not? J Hand Micro-
surg. 2014;6(2):53-58.

7. Kim JK, Koh YD, Do NH. Should an ulnar sty-
loid fracture be fixed following volar plate 
fixation of a distal radial fracture? J Bone 
Joint Surg Am. 2010;92(1):1-6.

8. Reichl M, Piatek S, Adolf D, Winckler S, 
Westphal T. [Unrepaired fracture of the 
styloid process of the ulna: not a bad treat-
ment result at distal radius fracture]. Un-
fallchirurg. 2011;114(12):1099-1104.

9. Zenke Y, Sakai A, Oshige T, Moritani S, Na-
kamura T. The effect of an associated ulnar 
styloid fracture on the outcome after fixa-
tion of a fracture of the distal radius. J Bone 
Joint Surg Br. 2009;91(1):102-107.

10. Amorosa LF, Vitale MA, Brown S, Kaufmann 
RA. A functional outcomes survey of elder-
ly patients who sustained distal radius frac-
tures. Hand (NY). 2011;6(3):260-267.

11. Ayalon O, Marcano A, Paksima N, Egol K. 
Concomitant Ulnar Styloid Fracture and 
Distal Radius Fracture Portend Poorer 
Outcome. Am J Orthop (Belle Mead NJ). 
2016;45(1):34-37.

12. Belloti JC, Moraes VY, Albers MB, Falop-
pa F, Dos Santos JB. Does an ulnar sty-
loid fracture interfere with the results 
of a distal radius fracture? J Orthop Sci. 
2010;15(2):216-222.

13. Daneshvar P, Chan R, MacDermid J, Grewal 
R. The effects of ulnar styloid fractures on 
patients sustaining distal radius fractures. J 
Hand Surg Am. 2014;39(10):1915-1920.

14. Sammer DM, Shah HM, Shauver MJ, Chung 
KC. The effect of ulnar styloid fractures on 
patient-rated outcomes after volar locking 
plating of distal radius fractures. J Hand 
Surg Am. 2009;34(9):1595-1602.

15. Souer JS, Ring D, Matschke S, Audige L, 
Marent-Huber M, Jupiter JB. Effect of an 
unrepaired fracture of the ulnar styloid 
base on outcome after plate-and-screw 
fixation of a distal radial fracture. J Bone 
Joint Surg Am. 2009;91(4):830-838.

16. Zyluk A, Mazur A, Puchalski P. A compar-
ison of outcomes after K-wire fixation of 
distal radius fractures with and without 
associated ulnar styloid fracture. Handchir 
Mikrochi Plast Chir. 2014;46(1):7-11.

17. Sachar K. Ulnar-sided wrist pain: evalua-
tion and treatment of triangular fibrocar-
tilage complex tears, ulnocarpal impaction 
syndrome, and lunotriquetral ligament 
tears. J Hand Surg Am. 2012;37(7):1489-
1500.

18. Haugstvedt JR, Berger RA, Nakamura T, 
Neale P, Berglund L, An KN. Relative con-
tributions of the ulnar attachments of the 
triangular fibrocartilage complex to the dy-
namic stability of the distal radioulnar joint. 
J Hand Surg Am. 2006;31(3):445-451.

125 

Functional outcomes with and without a concomitant ulnar styloid fracture 



6

19. May MM, Lawton JN, Blazar PE. Ulnar sty-
loid fractures associated with distal radius 
fractures: incidence and implications for 
distal radioulnar joint instability. J Hand 
Surg Am. 2002;27(6):965-971.

20. Moher D, Liberati A, Tetzlaff J, Altman 
DG. Preferred reporting items for sys-
tematic reviews and meta-analyses: 
the PRISMA statement.J Clin Epidemiol. 
2009;62(10):1006-1012.

21. Calfee RP, Adams AA. Clinical research and 
patient-rated outcome measures in hand sur-
gery. J Hand Surg Am. 2012;37(4):851-855.

22. Changulani M, Okonkwo U, Keswani T, Ka-
lairajah Y. Outcome evaluation measures 
for wrist and hand: which one to choose? 
Int Orthop. 2008;32(1):1-6.

23. Hoang-Kim A, Pegreffi F, Moroni A, Ladd 
A. Measuring wrist and hand function: 
common scales and checklists. Injury. 
2011;42(3):253-258.

24. Gummesson C, Ward MM, Atroshi I. The 
shortened disabilities of the arm, shoul-
der and hand questionnaire (QuickDASH): 
validity and reliability based on responses 
within the full-length DASH. BMC Musculo-
skelet Disord. 2006;7:44.

25. Sorensen AA, Howard D, Tan WH, Ketch-
ersid J, Calfee RP. Minimal clinically im-
portant differences of 3 patient-rated 
outcomes instruments. J Hand Surg Am. 
2013;38(4):641-649.

26. MacDermid JC, Turgeon T, Richards RS, 
Beadle M, Roth JH. Patient rating of wrist 
pain and disability: a reliable and val-
id measurement tool. J Orthop Trauma. 
1998;12(8):577-586.

27. Walenkamp MM, de Muinck Keizer RJ, 
Goslings JC, Vos LM, Rosenwasser MP, 
Schep NW. The Minimum Clinically Import-
ant Difference of the Patient-rated Wrist 
Evaluation Score for Patients With Distal 
Radius Fractures. Clin Orthop Relat Res. 
2015;473(10):3235-3241.

28. Slim K, Nini E, Forestier D, Kwiatkowski F, 
Panis Y, Chipponi J. Methodological index 
for non-randomized studies (minors): de-
velopment and validation of a new instru-
ment. ANZ J Surg. 2003;73(9):712-716.

29. Mahid SS, Hornung CA, Minor KS, Turina 
M, Galandiuk S. Systematic reviews and 
meta-analysis for the surgeon scientist. Br 
J Surg. 2006;93(11):1315-1324.

30. Higgins JP, Thompson SG. Quantifying het-
erogeneity in a meta-analysis. Stat Med. 
2002;21(11):1539-1558.

31. Casale V, Agati G, Masse A, et al. Surgical 
treatment of unstable distal radius frac-
tures with locking volar plates: a compar-
ison between radiographic outcomes and 
functional results. Minerva Ortop Trauma-
tol. 2013;64(3):293-303.

32. Rotter R. [Distal radius fracture--avulsion 
fracture of the ulnar styloid process has 
no impact on outcome]. Z Orthop Unfall. 
2010;148(2):137.

33. Yilmaz S, Cankaya D, Karakus D. Ulnar sty-
loid fracture has no impact on the outcome 
but decreases supination strength after 
conservative treatment of distal radial frac-
ture. J Hand Surg Eur Vol. 2015;40(8):872-
873.

34. Finsen V, Rod O, Rod K, Rajabi B, Alm-
Paulsen PS, Russwurm H. The relationship 
between displacement and clinical out-
come after distal radius (Colles’) fracture. 
J Hand Surg Eur Vol. 2013;38(2):116-126.

35. Hauck RM, Skahen Jr, Palmer AK. Classifi-
cation and treatment of ulnar styloid non-
union. J Hand Surg Am. 1996;21(3):418-
422.

36. Fujitani R, Omokawa S, Akahane M, Iida A, 
Ono H, Tanaka Y. Predictors of distal radi-
oulnar joint instability in distal radius frac-
tures. J Hand Surg Am. 2011;36(12):1919-
1925.

37. Spence LD, Savenor A, Nwachuku I, Tilsley 
J, Eustace S. MRI of fractures of the distal 
radius: comparison with conventional ra-
diographs. Skeletal Radiol. 1998;27(5):244-
249.

38. Richards RS, Bennett JD, Roth JH, Milne 
K. Arthroscopic diagnosis of intra-artic-
ular soft tissue injuries associated with 
distal radial fractures. J Hand Surg Am. 
1997;22:772-776.

126 

PART III Chapter 6



6

127 

Functional outcomes with and without a concomitant ulnar styloid fracture 





Repair of the pronator 
quadratus after volar plate 

fixation in distal radius fractures:  
a systematic review

7

M.A.M. Mulders, M.M.J. Walenkamp, F.J.M.E. Bos, N.W.L. Schep, J.C. Goslings

Strategies in Trauma and Limb Reconstruction. 2017 Nov;12(3):181-188



7

ABSTRACT

To position the volar plate on the distal radius fracture site, the pronator quadratus 
muscle needs to be detached from its distal and radial side and lifted for optimal 
exposure to the fracture site. Although the conventional approach involves repair 
of the pronator quadratus, controversy surrounds the merits of this repair. The 
purpose of this study was to compare the functional outcomes of patients with 
distal radius fractures treated with pronator quadratus repair after volar plate 
fixation versus no pronator quadratus repair. A systematic search was conducted 
in Medline, EMBASE and the Cochrane Central Register of Controlled Trials, on 
23 July 2015. All studies comparing pronator quadratus repair with no pronator 
quadratus repair in adult patients undergoing volar plate fixation for distal radius 
fractures were included. The primary outcome was the Disability of the Arm, 
Shoulder and Hand (DASH) score at 12 months. Secondary outcomes included 
range of motion, grip strength, post-operative pain and complications. A total of 
169 patients were included, of which 95 underwent pronator quadratus repair, 
while 74 patients underwent no pronator quadratus repair. At 12 months follow-
up no statistically significant differences in DASH-scores and range of motion 
were observed between pronator quadratus repair and no repair. Moreover, post-
operative pain and complication rates were similar between both groups. At 12 
months of follow-up, we do not see any advantages of pronator quadratus repair 
after volar plate fixation in the distal radius. However, a definitive conclusion 
cannot be drawn from this systematic review due to a lack of available evidence.
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INTRODUCTION

Distal radius fractures are the most common fractures of the upper extremity, 
with an incidence of 2 fractures per 1000 persons-years.1-3 The past 25 years, an 
increase in open reduction and internal fixation (ORIF) for distal radius fractures 
has been observed.4,5 Especially, volar plating has increased in popularity.6,7 
This approach provides better functional and radiological results compared to 
other surgical techniques.8-10 Moreover, documented complications associated 
with dorsal plating and external fixation, and advancements in the locking plate 
technology have expanded the indications of volar plating.11 However, to position 
the volar plate on the fracture site, the surgeon needs to detach the pronator 
quadratus muscle from its distal and radial side and lift it for optimal exposure 
to the fracture site.12 Although the conventional approach involves repair of the 
pronator quadratus12-14, controversy surrounds the merits of this repair. Some 
surgeons state the repair of the pronator quadratus will restore pronation 
strength and will protect the volar flexor tendons by covering the hardware.11,15 
Conversely, other surgeons argue that the quality of the tissue often precludes a 
durable repair and a risk of ischaemic contracture of the pronator quadratus after 
tight closure exist, resulting in limited wrist pronation and supination.16,17 Despite 
these contradicting statements, 83% of the American hand surgeons repair the 
pronator quadratus following volar plate fixation.18

Several studies evaluated the functional outcome and complications after volar locking 
plate fixation with and without pronator quadratus repair. A recent retrospective study 
of Hershman et al. found no differences between the two treatment groups, and 
they concluded that there was no advantage in repairing the pronator quadratus.19 
Another retrospective study of Ahsan et al. found no difference between complete 
and incomplete pronator quadratus repair.20 However, regardless of their outcomes, 
they did recommend to make an effort to cover the volar plate with the pronator 
quadratus.

In conclusion, whether pronator quadratus repair after volar plate fixation is 
necessary remains a topic of debate. Therefore, the objective of this study 
was to systematically compile and evaluate the existing literature regarding 
pronator quadratus repair versus no pronator quadratus repair. To (1) compare 
the functional outcomes and (2) compare complication rates between pronator 
quadratus and no pronator quadratus repair after volar plate fixation.
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METHODS
 
This systematic review was conducted according to the PRISMA checklist for 
reporting systematic review.21

Eligibility criteria

All studies comparing a group with pronator quadratus repair with a control group 
with no pronator quadratus repair in adult patients undergoing volar plate fixation 
for distal radius fractures, with a minimum follow-up of 12 months, were considered 
for inclusion. Studies comparing pronator quadratus repair with another repair or 
fixation technique were excluded. Moreover, case report and cadaveric studies 
were excluded. No restrictions regarding publication date or language were applied.

Outcome measures

The primary outcome was patient-reported functional outcome, measured with 
the Disability of the Arm, Shoulder and Hand (DASH) score at 12 months follow-up. 
The DASH questionnaire is a validated self-report questionnaire, which measures 
patient’s physical function and symptoms.22

Secondary outcomes included range of motion in terms of flexion, extension, 
pronation, supination, ulnar deviation and radial deviation, and grip strength 
measured with a dynamometer and as a percentage of the uninjured side. We 
also evaluated post-operative pain, indicated with the visual analogue scale (VAS) 
and the occurrence of complications. The documented complications of internal 
fixation of distal radius fractures include tendon injuries, neurovascular lesions, 
hardware failure, nonunion, malunion, carpal tunnel syndrome, compartment 
syndrome and deep and superficial infections.23

Literature search

To answer the research question, a comprehensive literature search was performed 
in Medline (Pubmed), EMBASE (Ovid) and Cochrane Central Register of Controlled 
Trials on 23 July 2015, with the assistance of a clinical librarian. The search strategy 
is depicted in Table 1. Additionally, a cross-reference check was performed.
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Selection of eligible articles

Titles and abstract of all articles were screened independently by two reviewers, 
(MAMM and FJMEB), and either in- or excluded based on the in- and exclusion 
criteria. All duplicates were removed. Disagreement on relevance was addressed 
by discussion until a consensus was reached.

Data extraction

Three reviewers extracted the data from the included studies independently. 
The extracted data included study type, number of included patients, patient 
characteristics, fracture characteristics according to the AO/OTA classification, 
details on the intervention and control group, length of follow-up and outcome 
measures.

The methodological quality of all included articles was assessed by two independent 
reviewers (MAMM and FJMEB) with the five-point Jadad score for randomised 

Table 1.  Search strategy

Pubmed: 
(“Radius Fractures”[Mesh] OR distal radius[tiab]) AND (pronator quadratus[tiab] OR 
pronat*[tiab] OR PQ[tiab] OR “Pronation”[Mesh]) AND (“Fracture Fixation, Internal”[Mesh] 
OR fixat*[tiab]) AND (“Volar Plate”[Mesh] OR volar[tiab] OR palmar[tiab])

EMBASE:
(radius fracture/ or distal radius.ti,ab,kw.) AND (body posture/ or (pronator quadratus or 
pq).ti,ab,kw.) AND (osteosynthesis/or volar plate fixation/ or (volar fixat* or palmar fixat*).
ti,ab,kw.)

Cochrane Central Register of Controlled Trials:
#1 MeSH descriptor: [Radius Fractures] explode all trees
#2 distal radius: ti,ab,kw (Word variations have been searched)
#3 #1 or #2
#4 MeSH descriptor: [Pronation] explode all trees
#5 pronator quadratus or pronat* or PQ:ti,ab,kw (Word variations have been searched)
#6 #4 or #5
#7 MeSH descriptor: [Fracture Fixation, Internal] explode all trees
#8 MeSH descriptor: [Volar Plate] explode all trees
#9 volar or palmar or palmer:ti,ab,kw (Word variations have been searched)
#10 #7 or #8 or #9
#11 #3 and #6 and #10 in Trials
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control trials and the nine-point Newcastle–Ottawa Scale for non-randomised 
observational studies.24,25 Level of evidence was provided in accordance with the 
Oxford Centre of Evidence-Based Medicine (http://www.cebm.net).

Statistical analysis

Because of the paucity of the amount of studies regarding our research question 
and the difference in study designs, no pooling or meta-analyses was performed. 
Descriptive outcome analysis was used to compare the different results, data and 
outcomes between the studies.

RESULTS

Study selection

A total of 320 articles were identified through our literature search. After removal 
of the duplicates 264 articles were selected. Two articles met our inclusion 
criteria and were included in this review. Only those patients who completed 
the 12 months follow-up were included. In total, 169 patients were included of 
which 95 underwent pronator quadratus repair and 74 patients had no pronator 
quadratus repair. The study selection process is summarised in Figure 1.

Included studies

The first study by Hershman et al. (2009) enrolled 175 patients undergoing 
open reduction and volar plate fixation of which 112 were included in this review 
because they completed the 12 months follow-up.19 In this retrospective study, 
patients were included from a prospective database in which they were enrolled 
over a 5-year period (2004–2009). In 62 patients (mean age 53.8 years), the 
pronator quadratus was repaired during volar plating fixation (intervention 
group) and 50 patients (mean age 51.6 years) had no pronator quadratus repair 
(control group). The choice whether or not to repair the pronator quadratus was 
surgeon dependent. All surgeries in the intervention group were performed by 
a fellowship trained hand surgeon with volar plates from Depuy Orthopedics 
(Warsaw, IN, USA). The surgeries in the control group were performed by a 
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fellowship trained orthopaedic trauma surgeon using volar plates from Stryker 
(Mahwah, NJ, USA). Evaluators were not blinded to the treatment but unaware 
of surgical details. Measurements were taken by one of several independent, 
trained research assistants. Range of motion and grip strength was documented 
as a percentage of the uninjured arm and measured with a goniometer and 
handgrip dynamometer, respectively. Only the outcomes at final follow-up, at 
12 months, were presented.

Tosti et al. (2013) conducted a double blind, prospective, randomised clinical trial 
from January 2011 to December 2011.16 Sixty patients with distal radius fractures 

Figure 1.  Flow diagram of study selection. USP: ulnar styloid process; CI: confidence interval; 
SD: standard deviation.
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were assigned to the intervention group or the control group based on their year of 
birth. Patients born in an odd birth year were assigned to the intervention group, 
patients born in an even birth year were assigned to the control group. All patients 
were blinded to their respective study group. An orthopaedic nurse, blinded to the 
study protocol, obtained all of the outcome measurements. Range of motion 
was measured in degrees with a goniometer, and grip strength was measured 
with a dynamometer. Both range of motion and grip strength were presented as a 
percentage of the uninjured side. All patients were assessed at 2 and 6 weeks and 
at 3 and 12 months. Full follow-up data was available for 57 patients. Three patients 
were excluded from the study.

Patients of both studies were comparable regarding age. The study of Hershman 
et al. included a higher percentage of man compared to Tosti et al. Also, the 
study of Tosti et al. included a higher percentage of AO/OTA type C fractures 
compared to Hershman et al. The study characteristics of both studies are 
summarised in Table 2.

Table 2. Study characteristics

Study 
design

Total 
number 
of 
patients

Total number 
of included 

patients with 
complete 
follow-up

Mean 
age 

(years)

Male 
patients 

(%)

Injury to 
dominant 
hand (%)

AO/OTA 
classification 

(%)

PQ 
repair

No PQ 
repair

A B C

Hershman 
et al. 2009

Prospective 
database, 
retro-
spectively 
reviewed

175 62 50 52.8 45 41 35.7 19.6 44.6

Tosti  
et al. 2013

Randomised 
controlled 
trial

60 33 24 57.9 26 58 17.5 3.5 79

PQ: pronator quadratus
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Quality assessment of included studies

The methodological quality of the only randomised trial (Tosti et al. 2013) scored 
3 points out of the maximum of 5 points on the Jadad Scale. The study of 
Hershman et al. (2009) was assessed using the Newcastle–Ottawa Scale; 
scoring 6 points out of the maximum of 8 points.

Functional outcome

At 12 months follow-up no statistically significant differences in DASH scores were 
observed between the repair and the no repair group (Hershman et al. 16.2 (95% 
CI 11.8–20.6), respectively, 11.2 (95% CI 7.2–15.2) and Tosti et al. 8, respectively, 
5). Moreover, no significant differences in pronation or supination were found. 
Hershman et al. found a trend towards improved DASH scores (p=0.10), pronation 
(p=0.08), grip strength (p=0.12) and pain (p=0.13) in patients undergoing no 
pronator quadratus repair; however, this was not statistically significant. However, 
a statistically significant difference in radial deviation in favour of the no repair 
group was found (Table 3).
Tosti et al. also determined the assessed outcomes at 2 and 6 weeks, and 3 months. 
Outcomes assessed at 2 weeks and 3 months demonstrated no significant differences 
in mean DASH score, VAS, grip strength and range of motion. However, at 6 weeks, 
grip strength and flexion in the repair group were significantly better compared to 
the no repair group, but all other variables were not significantly different.

Overall, the mean values of all variables demonstrated a stepwise improvement 
over the year as range of motion, grip strength consistently increased, and DASH 
and VAS scores consistently decreased.

Complications

In total seven patients underwent plate removal, five in the repair group and two 
in the no repair group. Plate removal was performed for several reasons including 
flexor or extensor tendon irritation due to a prominent hardware, intra-articular 
penetration of screws or complaints in the context of carpal tunnel syndrome. 
Only Hershman et al. reported two cases of extensor pollicis longus tendon 
rupture, one in each group. Both were detected at 6 weeks follow-up. No deep 
or superficial wound infections or nonunions were observed (Table 4).
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Table 3. Functional outcomes at 12 months follow-up

Hershman et al. (2009) Tosti et al. (2013)

Repair  
group

No repair 
group

p-value Repair  
group

No repair 
group

p-value

Mean DASH-score 16.2 11.2 n.s. 8 5 n.s.
Mean VAS score 1.83 1.20 n.s. <0.5 <0.5 n.s.
Grip strength (% contralateral) 78.6% 104.5% n.s. 95% 95% n.s.
Range of motion:

Extension  
(% contralateral or degrees)

85.0% 87.1% n.s. 83° 80° n.s.

Flexion  
(% contralateral or degrees)

85.1% 91.1% n.s. 84° 81° n.s.

Pronation  
(% contralateral of degrees)

97.1% 101% n.s. 84° 84° n.s.

Supination  
(% contralateral or degrees)

93.2% 98.7% n.s. 88° 86° n.s.

Ulnar deviation  
(% contralateral or degrees)

89.4% 85.5% n.s. 36° 35° n.s.

Radial deviation  
(% contralateral or degrees)

76.7% 100.5% 0.03 19° 20° n.s.

n.s.: not significant

Table 4. Complications at 12 months follow-up

Repair group No repair group
Wound infections (deep and superficial) 0 0
Nonunion/malunion 0 0
Tendon irritation/tenosynovitis 2 1
EPL tendon rupture 1 1
Hardware removal 5 2
Carpal tunnel syndrome 3 0

EPL: extensor pollicis longus

DISCUSSION

With the results of this systematic review of existing literature we found no 
evidence that pronator quadratus repair after volar plate fixation in distal radius 
fractures provides better functional outcomes. DASH scores, range of motion, 
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post-operative pain and minor complications are similar in patients who undergo 
pronator quadratus repair to patients who do not undergo pronator quadratus 
repair.

Repairing the pronator quadratus theoretically protects the flexor tendons 
against the volar plate and sharp edges of the screw heads and serves as a 
dynamic stabilizer of the distal radioulnar joint (DRUJ).17,26,27  Although Swigart 
et al. stated that pronator quadratus repair after volar plate fracture fixation is 
often durable18, repair could also be suboptimal due to the very short tendon or 
a damaged and friable muscle, that renders it unsuitable for suturing.28 Moreover, 
the integrity of the muscle is not checked after the repair to assess if the repaired 
pronator quadratus is still in place or has not detached again. Additionally, repair 
of the pronator quadratus muscle does not seem to adequately protect the 
tendons, since cases of late tendon irritation after pronator quadratus repair are 
still identified29, and flexor pollicis longus rupture in particular is caused by a 
too distal positioning of the plate, prominent at the watershed line, which may 
increase the risk of tendon injury.27,30,31

From previous studies we know that the pronator quadratus can be divided into a 
superficial head, which is the primary contributor to forearm pronation, and a deep 
head, which is the dynamic stabilizer of the distal radioulnar joint.32,33 Although, 
the superficial head is the one that is repaired or not, pronation strength from the 
deep head should be maintained. Studies performed to assess the contribution 
of the pronator quadratus to pronation torque of the forearm state that the 
pronator quadratus is the primary pronating muscle in the forearm26,34,35, and that 
significant decrease in pronation torque occurs with controlled elimination of the 
pronator quadratus function.34,36 However, those studies were either performed in 
small populations or complete paralysation of the pronator quadratus was reached 
by injecting lidocaine into the muscle.
In contrast, two other larger studies found no difference in pronation strength 
between the operated and the healthy wrist and isokinetic forearm rotation 
strength and the length of the healed pronator quadratus.37,38 Additionally, Häberle 
et al. found no differences in isometric pronation strength between pronator 
quadratus repair and no pronator quadratus repair after volar plate fixation.39 This 
is consistent with our findings which show no significant differences in pronation 
or supination of the forearm. Moreover, a retrospective study performed by 
Ahsan et al. that compared full pronator quadratus supination, as well as grip 
strength and post-operative complications either.
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The only significant difference found by Hershman et al. was a 23.8% difference, 
compared to the contralateral uninjured wrist, in radial deviation in favour 
of no pronator quadratus repair at 12 months follow-up. Tosti et al. found a 
significant difference at 6 weeks follow-up in grip strength and flexion in favour of 
pronator quadratus repair. However, we cannot ascribe these differences to the 
pathomechanics of the incised pronator quadratus.

Recently, a new technique was introduced; minimally invasive plate osteosynthesis. 
With this new technique the pronator quadratus muscle will only undergo a 
minimal elevation to create a pocket between the surface of the distal radius and 
the pronator quadratus muscle where the volar plate can be inserted. The aim of 
this new technique is to reach a better fracture healing process by maintaining 
the blood supply in the pronator quadratus muscle, preserving pronator 
quadratus function and preventing tendon injury.40-43 A retrospective study in 66 
patients done by Zenke et al. compared conventional volar plate fixation with 
minimally invasive plate osteosynthesis.42 However, they found no significant 
differences between both groups in DASH scores, range of motion, grip strength 
and VAS-scores. In addition, there were no significant differences in fracture 
healing between both groups and therefore the fracture repair process was not 
obviously augmented by keeping the pronator quadratus muscle and the blood 
supply intact.

This systematic review has some limitations. Only two studies met our inclusion 
criteria, of which only one randomised controlled trial, and therefore our results 
incorporate a limited number of patients (235 of whom 169 (72%) completed a 
12-months follow-up. Moreover, due to the two different study designs and the 
different units of the outcome variables, we were not able to pool our data. To 
give a unambiguous conclusion on the fact if repair of the pronator quadratus 
after volar plate fixation is necessary, more prospective randomised trials with 
the same units of the outcome variables are needed. 

Conclusion

In this systematic review we found no statistically significant differences regarding 
functional outcomes, range of motion, grip strength, post-operative pain and 
complications between repair of the pronator quadratus muscle after volar plate 
fixation and no repair. Moreover, the quality and durability of the repair are 
questionable. In addition, no statistically significant differences in functional 
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outcome are seen between minimally invasive plate osteosynthesis, where the 
pronator quadratus is preserved, and conventional volar plate fixation. Based 
on these results, we do not see any advantages of pronator quadratus repair 
after volar plate fixation in the distal radius. However, a definitive conclusion 
on the fact whether repair of the pronator quadratus after volar plate fixation 
is necessary cannot be drawn from this systematic review. Therefore, more 
prospective randomised trials with the same units of the outcome variables would 
be necessary. Additionally, these studies should take into account the quality and 
durability of the pronator quadratus repair.
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ABSTRACT

Purpose: To evaluate the association between the alignment, as determined by 
plain radiographs, and patient-reported outcome in adults with a displaced distal 
radius fracture. We also determined which specific radiological parameters are 
associated with patient-reported outcomes.

Methods: A systematic literature search was performed to identify studies that 
evaluated the association between radiological and patient-reported outcome 
in adults with a displaced distal radius fracture and that had an average follow-
up of at least 12 months. Radiological outcome was determined as acceptable 
or unacceptable reduction, defined by radiological parameters. Patient-reported 
outcome was assessed with the Disability of the Arm, Shoulder, and Hand (DASH), 
the QuickDASH and the Patient-Rated Wrist Evaluation (PRWE) questionnaire.

Results: Sixteen articles were included, comprising 1,961 patients with a distal 
radius fracture. A significant mean difference in patient-reported outcome of 
4.15 points (p<0.05; 95% CI 0.26 – 8.04) in favour of an acceptable radiological 
reduction was found. Moreover, a significant mean difference in patient-reported 
outcomes of 5.38 points (p<0.05; 95% CI 1.69 – 9.07) in favour of an acceptable 
dorsal angulation and 6.72 points (p<0.05; 95% CI 2.16 – 11.29) in favour of an 
acceptable ulnar variance were found.

Conclusions: An unacceptable radiological reduction is significantly associated 
with worse patient-reported outcomes in adults with a displaced distal radius 
fracture. Dorsal angulation and ulnar variance are the most important radiological 
parameters. Despite the statistical significance, the mean difference of each 
association did not meet the threshold of the MCID and were therefore unlikely 
to be clinically important.
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INTRODUCTION

Outcome following distal radius fracture treatment has traditionally been 
assessed radiologically using radiological parameters, and functionally using range 
of motion and grip strength. Nowadays, patient-reported outcome measures, in 
particular the Disabilities of the Arm, Shoulder, and Hand outcome (DASH) and 
the Patient Rated Wrist Evaluation (PRWE) questionnaire are commonly used.1,2 

There is no definite clinical evidence for the superiority of one particular treatment 
over another in patients with a displaced distal radius fracture.3 Although 
surgeon’s preference and fracture characteristics still influence therapeutic 
decision-making, in most cases surgical treatment is guided by radiological 
reduction criteria.4,5 In displaced distal radius fractures with an unacceptable 
closed reduction or in fracture re-displacement, open reduction and internal 
fixation (ORIF) is increasingly being carried out due to the general belief that an 
anatomic reduction is positively related to functional outcome. However, evidence 
of an association between radiological reduction criteria and functional outcome 
is still inconclusive, particularly in elderly patients. Some studies have shown that 
radiological outcome correlates with patient-reported outcome,6-9 while other 
studies have reported contradictory results.10-13 

The aim of this meta-analysis was to evaluate the association between the 
alignment, as determined by plain radiographs,  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.

MATERIALS AND METHODS

This systematic review and meta-analysis was conducted and reported in 
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines.14 All of the following steps were performed by 
two independent reviewers (MAMM and RD). Disagreement between the two 
reviewers was addressed by discussion until agreement was reached.
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Literature search and study selection

A systematic literature search was performed in Medline (PubMed), EMBASE 
(Ovid) and the Cochrane Central Register of Controlled Trials on 31 October 2016 
to identify studies describing the association between radiological and patient-
reported outcome in adults with displaced distal radius fractures. The search 
strategy was constructed with the assistance of a clinical librarian (Appendix 1). To 
ensure proper interpretation of the results, publication language was restricted 
to English, German, French and Dutch. No restrictions regarding publication date 
were applied. 

Studies based on original data that evaluated the association between radiological 
outcome and patient-reported outcome measures (PROMs) in adults with a non-
operatively or operatively-treated displaced distal radius fracture with an average 
follow-up of at least 12 months, were eligible for inclusion. Only studies that 
used the following upper extremity-specific PROMs were included: the DASH, 
the QuickDASH, and the PRWE questionnaire. After abstract screening, full-
text articles were retrieved and read. Additionally, a cross-reference check was 
performed. If full texts could not be retrieved, authors were contacted. In case no 
full text could be obtained, articles were excluded.

Outcome measures

Radiological outcome was determined as acceptable or unacceptable reduction, 
defined by radiological parameters, including dorsal- and volar (palmar) angulation, 
ulnar variance, radial inclination, radial length/height, and radial shortening. The 
definition of an acceptable reduction was dependent on the definition used 
in the included articles. If the definition of an acceptable reduction was not 
provided, we applied the definition of an acceptable reduction in accordance 
with the Dutch Guidelines for treatment of distal radius fractures.15 This includes 
a radial inclination ≥15⁰, a dorsal angulation <15⁰, a volar angulation <20⁰, radial 
shortening <5 mm, and an ulnar variance <2mm.

Only the DASH, the QuickDASH and the PRWE questionnaire, were included, since 
they have been shown to be valid, reliable and highly responsive in distal radius 
fracture patient population.16 The DASH questionnaire focuses on disability and 
symptoms of the upper extremity and consists of 30 questions rendering a score 
from zero (no disability) to 100 (severe disability).17 The QuickDASH is a modified 
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version of the DASH questionnaire, with 11 questions instead of 30. Subsequently, 
the score is transformed to a zero to 100 scale for easy comparison, with higher 
score indicating greater disability.18 The PRWE is a 15-item questionnaire designed 
to measure wrist pain and disability in activities of daily living.19 The score ranges 
from zero (no pain and functional impairment) to 100 (severe pain and functional 
impairment). 

The minimal clinically important difference (MCID), is the minimal change which is 
perceived to be important by the patient. For the DASH and QuickDASH this is ten 
and 14, respectively, and for the PRWE this is 11.5.20,21

Data extraction

Data were extracted using a predefined data collection form. The extracted 
data included study characteristics (i.e. first author, year of publication, and 
study design), patient characteristics (i.e. number of patients, sex, age), fracture 
classification and treatment, the duration of follow-up, radiological parameters, 
the definition of an acceptable reduction and PROMs. Means and standard 
deviations (SD) of the DASH, QuickDASH and PRWE were extracted. When a 
median and interquartile range were reported, these values were transferred to 
a mean and SD using the formula of Wan et al. 22 If the standard error of a mean 
(SEM) was provided, the SD was obtained by multiplying the SEM by the square 
root of the sample size, in accordance with the Cochrane Handbook. If multiple 
points in time were used, only the follow-up closest to 12 months was used for 
the meta-analysis. 

Methodological quality assessment

The methodological quality of all included articles was assessed using the 
Newcastle-Ottawa Scale for non-randomised studies.23 The articles were 
independently assessed for methodological quality by two reviewers (MAMM and 
RD). Studies with scores of eight or nine were considered as having a low risk of 
bias, scores of five to seven as having a moderate risk of bias and scores of below 
five as having a high risk of bias. The Oxford Level of Evidence criteria were used 
to assess the level of evidence. Disagreements were discussed by the reviewers 
until agreement was reached.
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Statistical analysis 

Descriptive outcome analysis was used to compare the results, data and outcomes 
of the individual studies. The mean differences of the DASH, the QuickDASH, and 
the PRWE scores between patients with and without an acceptable reduction were 
calculated using a 95% confidence interval (CI). The scores from the PROMs were 
pooled, as these questionnaires scored disability on a 100-point scale. If more 
than one PROM was used, the average was calculated and used for analysis. This 
method of pooling individual PROMs, is described by Buijze et al. and Wijffels et 
al.24,25 The mean difference for the separate radiological parameters was calculated 
in the same manner. An inverse variance method and random effect model were 
applied to all outcomes. If radiographic parameters were reported using multiple 
categories of continuous values based on different cut-off values, these data 
were pooled and categorized into acceptable and unacceptable reduction using a 
weighted mean and SD in accordance with the Cochrane Handbook.

Differences in outcome between acceptable and unacceptable reduction were 
considered statistically significant if p<0.05. Heterogeneity was determined using I2 
statistics.26 The I2 is a statistic that indicates the percentage of variance and is established 
as follows: 0% to 40% (might not be important), 30% to 60% (may represent moderate 
heterogeneity), 50% to 90% (may represent substantial heterogeneity); 75% to 100% 
(may represent considerable heterogeneity). Meta-analyses were conducted using 
Review Manager (Cochrane Collaboration, version 5.2, London, UK).

RESULTS

Literature search and study selection

The study selection process is summarized in Figure 1. After excluding duplicates, 
the initial search yielded a total of 1223 studies. After titles and abstracts 
screening, 84 articles were considered for inclusion in the systematic review. 
Sixty-nine articles were excluded because the average follow-up was less than 12 
months, the studies had an inadequate study design (e.g. reviews or case series) 
or comparison (i.e. no comparison between radiological and patient-reported 
outcome) , or no patient-reported outcomes were used. In addition, one article 
was excluded as it used the same cohort of patients as a previous article by the 
same author.7 A total of 16 articles were included in this systematic review.6,8-13,27-35 
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Systematic review

The study characteristics of the studies included are outlined in Appendix 2. Nine cross-
sectional studies, six prospective cohort studies, and one retrospective cohort study 
were included. A total of 1961 patients with a distal radius fracture were included. The 
age of the included patients ranged from 18 to 95 years and the reported mean age from 
46.1 to 78 years. The methodological quality of the studies was variable (Appendix 3).

Figure 1. Flowchart showing study selection process
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Table 1. Association between functional outcomes and radiological alignment

Author Reported results p – value Correlation coefficient 
(in case significant)

Amorosa 
et al.  

No correlation between DASH 
score and acceptable and 
unacceptable alignment

NS -

Barton et 
al. 

No correlation between 
PRWE score and acceptable 
and unacceptable alignment

NS -

Bentohami 
et al.

No correlation between 
QuickDASH score and 
acceptable and unacceptable 
radiological parameters

NS -

Brennan 
et al.

PRWE and DASH scores 
were negatively correlated 
with radial inclination, radial 
length and volar tilt, and 
positively correlated with 
ulnar variance

Not mentioned Not mentioned

Brogren 
et al. 2011 
BMC

DASH scores of unacceptable 
alignment (21.8 (SD 20)) 
significantly worse compared 
to acceptable alignment (11.5 
(SD 17))

p=0.012 Not mentioned

Brogren 
et al. 2011 
JHS(E)

DASH scores of unacceptable 
alignment [20 (IQR 12-48)] 
significantly worse compared 
to acceptable alignment (not 
reported)

p=0.009 Not mentioned

Finsen et 
al.

Significant correlation 
between PRWE, QuickDASH 
score and unacceptable 
radiological parameters 
(radial inclination, radial 
length, dorsal angulation and 
ulnar variance)

PRWE:
Radial inclination: 
p<0.05
Radial length: p<0.001
Dorsal angulation: 
p<0.01
Ulnar variance: p<0.01

QuickDASH:
Radial inclination: 
p<0.01
Radial length: p<0.001
Dorsal angulation: 
p<0.01
Ulnar variance: p<0.01

PRWE:
Radial inclination:  
-0.134
Radial length: -0.224
Dorsal angulation: 0.189
Ulnar variance: 0.192

QuickDASH:
Radial inclination:  
-0.160
Radial length: -0.237
Dorsal angulation: 0.184
Ulnar variance: 0.194
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Author Reported results p – value Correlation coefficient 
(in case significant)

Grewal et 
al. 

For patients <65 years:
PRWE and DASH scores of 
unacceptable alignment 
(PRWE = 29.3; DASH = 23.2) 
significantly worse compared 
to acceptable alignment 
(PRWE = 13.1; DASH = 9.2)
Significant association 
between PRWE and DASH 
scores and unacceptable 
radiological parameters 
(radial inclination (PRWE = 
46.2 versus 15.9) and ulnar 
variance (PRWE = 29.0 versus 
16.1; DASH = 24.6 versus 
11.5))

For patients ≥65 years:
No differences in DASH and 
PRWE scores of unacceptable 
alignment compared to 
acceptable alignment

DASH:
Alignment: p<0.001
Ulnar variance: p=0.002

PRWE: 
Alignment: p=0.001
Radial inclination: 
p=0.04
Ulnar variance: p=0.02

NS

Not mentioned

-

Karnezis 
et al.

Significant correlation 
between PRWE score and 
unacceptable radiological 
parameters (radial 
shortening)

p<0.01 0.53

Kumar et 
al. 

For patients <60 years:
Significant association 
between DASH score and 
unacceptable radiological 
parameters (volar angulation)

For patients ≥60 years:
No correlation between DASH 
score and acceptable and 
unacceptable radiological 
parameters

p<0.05

NS

Not mentioned

-

Larouche 
et al.

Significant association 
between positive ulnar 
variance and DASH scores 
and an articular gap or step-
off >2mm and worse DASH 
and PRWE scores

DASH:
Ulnar variance: p=0.03
Gap and step-off >2mm: 
p=0.0208

PRWE: 
Gap and step-off >2mm: 
p=0.0452

Not mentioned

Table 1. Continued
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Author Reported results p – value Correlation coefficient 
(in case significant)

Lee et al. Significant correlation 
between ulnar variance and 
DASH scores

p=0.042 1.423§

Machado 
et al.

No correlation between DASH 
score and acceptable and 
unacceptable radiological 
parameters (radial inclination, 
radial length, and volar 
angulation)

NS -

Nelson et 
al. 

No correlation between 
QuickDASH score and 
unacceptable alignment

NS -

Synn et al. No differences in DASH and 
PRWE scores of unacceptable 
alignment compared to 
acceptable alignment

NS -

Wilcke et al. Significant association 
between DASH score and 
unacceptable radiological 
parameters (radial inclination 
(DASH score 24 versus 11), 
dorsal angulation (DASH 
score 18 versus 8),  ulnar 
variance (DASH score 16 
versus 6))

Radial inclination: 
p=0.03
Dorsal angulation: 
p<0.001
Ulnar variance: p=0.001

Not mentioned

NS: not significant. Results reported in () are means with standard deviation (SD). Results 
reported in [] are medians with interquartile range (IQR). § Regression coefficient

Table 1. Continued

An overview of the reported association of each study is outlined in Table 1. Ten 
studies found a significant association between poor patient-reported outcomes 
and unacceptable radiological reduction.6,8,9,27-31,34,35 The studies of Grewal et 
al. and Kumar et al. showed that this was only applicable to patients younger 
than 65 and 60 years, respectively. The remaining six studies found no significant 
association between poor patient-reported outcomes and unacceptable 
radiological reduction.10-13,29,30,32,33 However, they did not stratify results based on 
age.
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Meta-analysis 

Of the 16 articles included, seven articles reported insufficient data to be included 
in the meta-analysis. One study provided raw data for this study.9 In total, nine 
articles relevant to acceptable versus unacceptable reduction and separate 
radiological parameters were included in the meta-analysis. 

Six studies concerning acceptable versus unacceptable reduction, comprising 582 
patients with a mean age ranging from 46 to 72 years were included in the meta-
analysis.6,9,12,13,28,33 A statistically significant mean difference in patient-reported 
outcome of 4.15 points (p<0.05; 95% CI 0.26 – 8.04) in favour of an acceptable 
radiological reduction was found (Figure 2). This difference was not clinically 
relevant as it was smaller than the MCID. The heterogeneity was 50%.

Five studies concerning separate radiological parameters were included in 
the meta-analysis, comprising 569 patients with a mean age ranging from 46 
to 78 years. Four studies on the radiological parameters dorsal angulation and 
ulnar variance,6,8,10,34 and three on radial inclination were included in the meta-
analysis.8,9,34 A significant mean difference in patient-reported outcome of 5.38 
points (p<0.05; 95% CI 1.69 – 9.07) in favour of an acceptable dorsal angulation 
and a significant mean difference of 6.72 points (p<0.05; 95% CI 2.16 – 11.29) in 
favour of an acceptable ulnar variance were found. The mean differences of each 
association were smaller than the MCID and therefore not clinically relevant. No 
significant differences were found for radial inclination (Table 2).

Figure 2. Forest plot of comparison acceptable and unacceptable radiological reduction
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DISCUSSION

The available literature shows that when results were pooled, unacceptable 
radiological reduction was significantly associated with worse patient-reported 
outcomes. Moreover, significantly worse patient-reported outcomes were 
specifically found for an unacceptable dorsal angulation and ulnar variance. 
Despite the statistical significance, the mean difference of each association did 
not meet the threshold of the MCID and were therefore unlikely to be clinically 
important. 

This meta-analysis provides a comprehensive and systematic overview of the 
current available literature, including 16 studies with a total of 1961 patients with 
a distal radius fracture. The results of this study correspond with a previously 
published review from Reynolds, who looked at the association of radiographic 
outcome and functional outcome in elderly patients only.36 Reynolds stated that 
in the majority of studies looking at this patient group, no significant association 
was found between functional and radiological outcome. In addition, Arora et 
al. conducted two studies, one retrospective cohort study and one randomised 
controlled trial, comparing surgical with non-operative treatment in patients 
with a displaced distal radius fractures aged over 70 and 65 years, respectively. 
In both studies radiological parameters improved significantly in operatively-
treated patients, however there were no significant differences in functional 
outcome between the two groups.37,38 However, the studies from Reynolds and 
Arora et al. focused on elderly patients only, whereas the majority of articles 

Table 2.  Results of the meta-analysis for the radiological parameters

Radiological 
parameter

Included 
studies

N unacceptable 
alignment

N  
acceptable 
alignment

I2 (%) Mean 
difference 
(95% CI)

p-value

Dorsal angulation a, b, c, e 153 317 0 5.38 
(1.69, 9.07)

<0.05

Radial inclination c, d, e 120 225 60 -2.24 
(-9.16, 4.68)

0.53

Ulnar variance a, b, c, e 237 234 29 6.72  
(2.16, 11.29)

<0.05

(a) Amorosa 2011, (b) Brogren 2011 BMC, (c) Finsen 2013, (d) Karnezis 2005, (e) Wilcke 2007 
Values presented in bold are statistically significant
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reviewed in this study did not investigate the role of age on patient-reported 
outcome. Only Grewal et al. and Kumar et al. categorized their cohort based on 
age, and both found a statistically significantly higher risk of poor patient-reported 
outcome with unacceptable reduction in patients younger than 65 and 60 years, 
respectively.29,30 Moreover, Brennan et al., who only included patients younger 
than 65 years, found that worse PRWE and DASH scores were associated with 
unacceptable radiological parameters.27 These results may indicate that the 
radiological outcome may only be relevant to younger patients. This was also 
suggested by Reynolds, who stated that studies including younger patients were 
more likely to show some association between patient-reported outcomes and 
radiologic results, and that radial shortening and dorsal and volar angulation have 
the greatest impact on patient-reported outcomes.36 If unacceptable reduction 
were better tolerated in elderly patients this could have diminished the overall 
effect of alignment on patient-reported outcome, since we included both patients 
of all ages. Unfortunately, we were not able to investigate this hypothesis since we 
were not able to perform a separate meta-analysis based on age because there 
was insufficient data, even after contacting the authors.

Although after pooling the results we found a statistically significant difference 
between patient-reported outcomes and radiological reduction, the difference 
was smaller than the MCID and therefore not clinically important. However, two of 
the included studies found both a statistically and clinically important difference. 
Brogren et al. reported a mean difference in DASH score between unacceptable 
and acceptable reduction of 10.3 points.6 Moreover, Grewal et al. reported a 
significant difference of 16.2 points in PRWE score and 14 points in DASH score 
between groups.29 These reported differences between an unacceptable and 
acceptable reduction are above the MCID of the DASH and the PRWE scores. 

Of all radiological parameters, unacceptable ulnar variance and dorsal angulation 
seem to have the most significant negative impact on patient-reported outcomes. 
Besides the studies included in the meta-analysis, six other studies determined 
the association between ulnar variance or dorsal angulation and patient-reported 
outcome.27,29-32,35 Five of the six studies found a significant effect of ulnar variance 
or dorsal angulation on DASH and PRWE scores.27,29-31,35 Grewal et al. also reported 
a clinically significant difference for ulnar variance of 12.9 and 13.1 points on the 
PRWE and DASH score, respectively.29 Machado et al. reported no association 
between the DASH score and unacceptable dorsal angulation.32 Unfortunately, 
these studies could not be included in the meta-analysis of the separate 
radiological parameters due to incomplete data. 
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In a review article, Ng and McQueen outlined those radiological parameters that 
predict functional outcome.39 Although they did not systematically evaluate all 
the available literature, they stated that an ulnar-plus deformity predicts worse 
functional outcomes in patients with high functional demands. 

Some limitations of this study should be addressed. One limitation regarding the 
meta-analysis is the variation of fracture types and different treatment modalities 
encountered in the included articles. It is unclear to what extent these differing 
characteristics influenced the patient-reported outcome. 
Second, studies with a higher methodological quality were not more heavily 
weighted in the meta-analysis. However, the risk of bias and the level of evidence 
of each included study were assessed independently by two reviewers.
Of particular note is the variation of the criteria applied for an acceptable 
radiological outcome. All articles applied a variety of acceptable radiological 
criteria. For example, cut-off values for dorsal angulation ranged from 10⁰ to 20⁰. 
If no criteria were mentioned, we chose to apply the criteria for an acceptable 
reduction in accordance with the Dutch Guidelines, since these criteria are less 
stringent than other guidelines. This was only applied to one study included in 
the meta-analysis.9 Nonetheless, there is still an absence of consensus on what 
the parameters for an acceptable radiologic result should be.40,41 Further research 
may be beneficial to determine these specific cut-off values, in particular dorsal 
angulation and ulnar variance, aiming to define which values affect patient-
reported outcome. Yet, all articles included in this study met the description of an 
acceptable radiological outcome defined as dorsal angulation <20⁰, volar (palmar) 
angulation (tilt) <25⁰, ulnar variance <5 mm, radial inclination ≥15⁰, and radial 
shortening <5 mm. 
Moreover, a variety of terms for the radiological parameters was used in the studies 
reviewed. Some of them could be interchangeable, for example radial shortening 
and ulnar variance. The use of equal definitions would allow a more generalizable 
evaluation of the results. Furthermore, not all the studies included applied the 
same methods of measurement of the different radiological parameters. 
Lastly, we chose to report the results of a minimum of an average follow-up of 12 
months. However, the range of follow-up varied between the included studies, 
meaning that patients with a both a shorter and longer follow-up were included 
in this review.

In conclusion, an unacceptable radiological reduction is significantly associated 
with worse patient-reported outcomes in adults with a displaced distal radius 
fracture. Dorsal angulation and ulnar variance are the most important radiological 
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parameters. However, the differences were small and unlikely to be clinically 
important. Nonetheless, since radiological reduction is not the only factor 
influencing patient-reported outcome, future studies should focus on finding 
specific predictors of patient-reported outcomes. 
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Appendix 1. Search strategy

Medline:
Filters: English; Dutch; German; French
(“Radius Fractures”[Mesh] OR radius fracture*[tiab] OR radial fracture*[tiab] OR colles 
fracture*[tiab] OR smith fracture*[tiab] OR barton fracture*[tiab] OR wrist fracture*[tiab]) 
AND (“Wrist Injuries”[MeSH] OR “Wrist Joint”[MeSH] OR wrist*[tiab] OR distal[tiab]) AND 
(dislocat*[tiab] OR displac*[tiab] OR distal[tiab] OR undisplac*[tiab] OR redisplac*[tiab] 
OR un-displac*[tiab] OR re-displac*[tiab]) AND (“radiography” [Subheading] OR 
(radiograph*[tiab] OR radiologic*[tiab] OR radiology[tiab]) AND (parameter*[tiab] OR 
reduction*[tiab] OR examin*[tiab] OR assessment*[tiab] OR outcome*[tiab] OR report*[tiab]) 
OR radiogram*[tiab] OR radial slope[tiab]) AND (“Treatment Outcome”[Mesh] OR “Disability 
Evaluation”[Mesh] OR “Patient Satisfaction”[Mesh] OR “Range of Motion, Articular”[Mesh] 
OR (functional*[tiab]) AND (outcome*[tiab] OR result*[tiab]) OR patient-perceived 
outcome*[tiab] OR patient-reported outcome*[tiab] OR clinical outcome*[tiab] OR clinical 
parameter*[tiab] OR disability evaluation*[tiab] OR satisf*[tiab] OR range of motion*[tiab] 
OR performance measure*[tiab]) NOT (“Animals”[Mesh] NOT “Humans”[Mesh]) NOT 
(“Editorial” [Publication Type] OR “Letter” [Publication Type] OR “News” [Publication Type] 
OR “Comment” [Publication Type] OR “Historical Article” [Publication Type] OR “Anecdotes 
as Topic”[Mesh] OR letter*[ti] OR comment*[ti] OR abstracts[ti] OR “Child”[Mesh] OR 
“Pediatrics”[Mesh] OR pediatric*[ti] OR paediatric*[ti])

EMBASE:
((radius fracture/ or (radius fracture* or radial fracture* or colles fracture* or smith 
fracture* or barton fracture* or wrist fracture*).ti,ab,kw.) and (wrist/ or (wrist* or distal).
ti,ab,kw.) and (dislocat* or displac* or distal or undisplac* or redisplac* or un-displac* or 
re-displac*).ti,ab,kw. and (radiography/ or wrist radiography/ or ((radiograph* or radiologic* 
or radiology) and (parameter* or reduction* or examin* or assessment* or outcome* or 
report*)).ti,ab,kw. or (radiogram* or radial slope).ti,ab,kw.) and (exp treatment outcome/ or 
disability/ or patient satisfaction/ or “range of motion”/ or patient rated wrist evaluation/ or 
“disabilities of the arm, shoulder and hand (score)”/ or functional assessment/ or (functional* 
and (outcome* or result*)).ti,ab,kw. or (patient-perceived outcome* or patient-reported 
outcome* or clinical outcome* or clinical parameter* or disability evaluation* or satisf* 
or range of motion* or performance measure*).ti,ab,kw.)) not (animal/ not human/) not 
(editorial/ or letter/ or news/ or Comment/ or Anecdotes as Topic/ or child/ or pediatrics/ or 
(letter* or comment* or abstracts or pediatric* or paediatric*).ti.) 
limit to (dutch or english or french or german)
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8

Cochrane Central Register of Controlled Trials:
#1 MeSH descriptor: [Radius Fractures] explode all trees
#2 radius fracture* or radial fracture* or colles fracture* or smith fracture* or barton 

fracture* or wrist fracture*:ti,ab,kw  (Word variations have been searched)
#3 #1 or #2 
#4 MeSH descriptor: [Wrist Injuries] explode all trees
#5 MeSH descriptor: [Wrist Joint] explode all trees
#6 wrist* or distal:ti,ab,kw  (Word variations have been searched)
#7 #4 or #5 or #6 
#8 dislocat* or displac* or distal or undisplac* or redisplac* or un-displac* or re-

displac*:ti,ab,kw  (Word variations have been searched)
#9 MeSH descriptor: [Radiography] explode all trees
#10 ((radiograph* or radiologic* or radiology) and (parameter* or reduction* or examin* or 

assessment* or outcome* or report*)) or    radiogram* or radial slope:ti,ab,kw  (Word 
variations have been searched)

#11 #9 or #10 
#12 MeSH descriptor: [Treatment Outcome] explode all trees
#13 MeSH descriptor: [Disability Evaluation] explode all trees
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ABSTRACT

Introduction: Malunion occurs in approximately 23% of non-operatively treated 
and 11% of operatively treated distal radius fractures. The decision whether to 
correct a malunion is primarily based on functional impairment and wrist pain. 
The purpose of this study was to assess the long-term functional outcomes of 
corrective osteotomies for symptomatic malunited distal radius fractures.

Methods: All consecutive corrective osteotomies of the distal radius performed in 
one centre between January 2009 and January 2016 were included. The primary 
outcome was the functional outcome assessed with the Disability of the Arm, 
Shoulder and Hand (DASH) and the Patient-Rated Wrist Evaluation (PRWE) score. 
Secondary outcomes were range of motion, grip strength, pain as indicated on the 
Visual Analogue Scale (VAS) before and after corrective osteotomy, radiological 
parameters, time to union and complications. Additionally, we aimed to determine 
if there were any difference in graft versus no graft usage.

Results: A total of 48 patients were included. The median age was 54.5 years 
(IQR 39–66) and 71% was female. The median time to follow-up was 27 months. 
The median DASH and PRWE score were respectively 10.0 (IQR 5.8–23.3) and 
18.5. (6.5–37.0). Except for pronation and supination, range of motion and grip 
strength of the injured wrist were significantly less compared to the uninjured side. 
Palmar and dorsal flexion and radial and ulnar deviation of the injured wrist were 
significantly less compared with the uninjured side. VAS pain scores decreased 
significantly from 6.5 preoperative to 1.0 postoperative. The median time to 
union was 23 weeks (IQR 12–29.5). Eighteen patients (38%) had a complication 
for which additional treatment was required. Except for a significant difference 
in radial inclination and length after the corrective osteotomy in favour of graft 
usage, there were no significant differences between graft and no graft usage.

Conclusions: Corrective osteotomy is an effective method of treating symptomatic 
distal radius malunions with good long-term functional results, measured with the 
DASH and PRWE score, and improvement in radiographic parameters and pain 
scores. Additionally, no differences in functional outcomes were found between 
graft and no graft usage.
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INTRODUCTION

Fractures of the distal radius account for up to 17% of all extremity fractures.1 
Standard treatment of both displaced and non-displaced distal radial fractures 
consists of closed reduction and cast immobilisation.2,3 However, fracture 
redislocation following closed reduction has been reported in up to 64% of 
patients.4-6 If left untreated, this may result in a symptomatic malunion of the 
distal radius.3,7

Malunion occurs in approximately 23% of conservatively treated patients and 
in 11% of operatively treated patients and may cause considerable disability.8,9 
Commonly reported symptoms are functional impairment, loss of grip strength 
and pain.10 Moreover, patients are frequently unsatisfied with the aesthetics of 
the wrist due to the malunion.
The decision whether to surgically correct distal radial mal unions is primarily 
based on functional demand and wrist pain. Contra-indications for surgery are 
poor overall health, severe osteoporosis and advanced arthrosis.1,11 Over the 
years, several surgical techniques have been developed for correcting malunions 
of the distal radius. Open wedge osteotomies are preferred over closed wedge 
osteotomies because they improve radial length and can be used to correct angular 
deformities in multiple directions.1 Finally, bone grafting could be considered 
when performing open wedge corrective osteotomies to the distal radius. Bone 
grafting has been claimed to provide structural stability by filling the gap in open 
wedge osteotomies and can be either autogenic, allogenic or bone substitutes.12 
However, other studies have shown that bone grafting is not necessary to achieve 
union following open wedge osteotomy.11,13-15

Long-term outcomes of corrective osteotomies have been studied infrequently 
and only in small populations.11,14,16-18 Additionally, conclusions are mainly 
based on radiological out comes rather than functional outcomes. However, 
the correlation between radiological and functional outcomes is still a topic of 
debate.19-22 Consequently, if one aims to evaluate the treatment effect of a 
corrective osteotomy of the radius, patient reported outcome measures may be 
more appropriate.23,24 Therefore, the purpose of this study is to assess the long-
term functional outcomes of corrective osteotomies for symptomatic distal radius 
malunions.
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METHODS

This study is a retrospective cohort study of 48 consecutive adult patients with a 
corrective osteotomy for a symptomatic distal radius malunion between January 
2009 and January 2016. Both initially non-operative and operative treated patients 
were included. The setting was a Dutch teaching hospital with 554 beds and a 
total of 40.064 emergency room visits according to its annual report in 2014. 
Patients undergoing an ulnar shortening osteotomy were excluded. The primary 
outcome was the functional outcome assessed with the Disability of the Arm, 
Shoulder and Hand (DASH) and Patient-Rated Wrist Evaluation (PRWE) score. 
Secondary outcomes were range of motion and grip strength compared to the 
uninjured wrist, pain as indicated on the Visual Analogue Scale (VAS) before and 
after corrective osteotomy, radiological parameters including radial inclination, 
radial length, ulnar variance, dorsal and volar angulation, time to union and 
complications. Additionally, we aimed to determine if there was any difference 
in functional outcomes, radiological parameters, time to union and complications 
for patients where a bone graft was used and for patients without grafting.

To characterize the study population, demographic characteristics were collected 
from the hospital’s medical files. Demographic characteristics included age at time 
of corrective osteotomy, sex, diabetes, osteoporosis or osteopenia diagnosed by 
dual-energy X-ray absorptiometry (DEXA scan), corticosteroid use and smoking 
status. In addition, fracture side, arm dominance, mechanism of injury, initial 
treatment (non-operative versus operative), usage of graft and type of graft, 
complications and additional surgeries after corrective osteotomy, were collected. 
The type of graft was divided in autogenic, allogenic or demineralised bone matrix. 
If the initial treatment of the distal radius fracture included surgery, type of surgery 
was specified including K-wires, external fixation and volar or dorsal plating.
The follow-up period was determined as the time between the corrective 
osteotomy and the last outpatient visit and had to be at least six months.

DASH and PRWE questionnaire

All patients were asked to complete a digital form including the DASH and the 
PRWE questionnaire. The DASH is a 30-item, self-report questionnaire designed 
to measure physical function and symptoms in patients with any or several 
musculoskeletal disorders of the upper limb. The final DASH score is calculated 
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by summing and averaging the responses. It ranges from 0 to 100, with a higher 
score indicating greater disability. The DASH-score of the general population is 
10.1 with a standard deviation of 14.68.25

The PRWE is a 15-item questionnaire and allows patients to rate their levels of 
wrist pain and disability from 0 to 10. It is more specific to the wrist than the DASH 
and studies show it is the most responsive instrument for evaluating the outcome 
in patients with distal radius fractures.23,26,27 The final score of the PRWE is the sum 
of pain and functional scores and also ranges from 0 to 100, with a higher score 
indicating more pain and less functionality. For both questionnaires the Dutch 
language version has been structurally validated.28-30

Additional to these questionnaires patients were asked about their current 
occupation and if they had noticed improvements in wrist functionality, pain 
or aesthetics of the wrist after corrective surgery. Occupation was categorized 
by type: white collar, blue collar, domestic (household), unemployed, disabled, 
retired and unknown. Non-responders were asked a second time after four weeks.

Clinical evaluation

All included patients were invited to the outpatient clinic to measure range of 
motion of the wrist and grip strength. Range of motion was measured using a 
goniometer and included pronation and supination, radial and ulnar deviation, 
and dorsal and palmar flexion. Grip strength was measured as the mean of three 
measurements using a Baseline Hydraulic Hand dynamometer (Fabrications 
Enterprises Incorporated, White Plains, New York, USA) with the elbow flexed at 90 
and the forearm in neutral rotation. Both range of motion and grip strength were 
presented as the percentage of the uninjured side. Moreover, patients were asked 
to indicate their pain on a Visual Analogue Scale (VAS) pre and postoperatively.
Furthermore, all patients were asked if they experienced a reduction in symptoms 
after the corrective osteotomy.

Radiographic outcomes

Radiographs of the wrists were collected using the Picture Archiving and 
Communication System (PACS) of our hospital. Posteroanterior (PA) radiographs 
were used to evaluate radial inclination, radial length and ulnar variance. Lateral 
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radiographs were used to evaluate dorsal and volar angulation. Measurements 
were performed before and after corrective osteotomy. All fractures were 
classified based on the initial fracture radiographs in type A, B and C fractures 
according to the AO/OTA classification system. Additionally, the presence of 
a concomitant fracture of the distal ulna or the ulnar styloid process and time 
to union was determined. Time to union was defined as the time between the 
corrective osteotomy and bridging of the fracture site by bone or callus.

Statistical analysis

Descriptive statistics was performed to show patient characteristics and surgical 
details. All normally distributed data were shown in means with standard 
deviation (SD). Non-normally distributed data were shown in medians with 
interquartile range (IQR). Normality was specified by plotting the data distribution 
in a histogram.

A Paired Students t-Test was used to compare radiographic parameters before 
and after corrective osteotomy and range of motion and grip strength of the 
injured compared to the uninjured side. To compare dorsal and volar angulation 
before and after corrective osteotomy the total correction in degrees was 
calculated. Dorsal angulation was considered as a negative value, whereas 
volar angulation was considered positive. The Wilcoxon Signed Rank Test 
was used to compare VAS pain scores before and after corrective osteotomy. 
Differences in DASH and PRWE scores between the initial treatment and initial 
displacement were calculated using the Mann-Whitney U Test and differences 
in the AO/OTA classification were calculated using the Kruskal Wallis Test. 
The Mann-Whitney U Test was used to calculate the differences in DASH and PRWE 
scores and time to union between patients who received a graft and who received 
no graft, the. Differences in postoperative radiological parameters between graft 
and no graft usage were calculated using the Unpaired T-test. Homogeneity of 
variances was tested using the Levene’s test. Additionally, differences in initial 
displacement and complications were analysed using the Chi-Square test. P-values 
<0.05 were considered statistically significant.
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RESULTS

A total of 48 patients were included in this study. The median age was 54.5 years 
(IQR 39–66) and 71% was female. The median time to follow-up was 27 months 
(IQR 9–57) with a range of six to 82 months. Half of all fractures (48%) were AO/
OTA type A fractures. Two fractures could not be classified because radio graphs 
or radiology reports of the initial trauma were missing. Of all fractures, 96% was 
initially displaced and required reduction. A concomitant fracture of the ulnar 
styloid process was present in 42% of fractures and a fracture of the distal ulna 

Table 1.  Demographics 

Number (percentage)
Age at corrective osteotomy (median (IQR), range) 54.5 (39 – 66), 20 – 78
Number of females 34 (70.8)
AO/OTA classification

Type A 23 (47.9)
Type B 5 (10.4)
Type C 18 (37.5)
Unknown 2 (4.2)

Displaced fracture 46 (95.8)
Fracture of dominant wrist 26 (54.2)
Concomitant fracture

Distal ulna 3 (6.3)
Ulnar styloid process 20 (41.7)
None 25 (52.1)

Initial treatment
Conservative 38 (79.2)
Volar plating 6 (12.5)
K-wires 3 (6.3)
External fixation 1 (2.1)

Occupation
White collar 10 (20.8)
Blue collar 18 (37.5)
Domestic 4 (8.3)
Unemployed 3 (6.3)
Retired 12 (25.0)
Unknown 1 (2.1)

All data are in percentages, unless specified. IQR: interquartile range, MVA: motor vehicle 
accident

179 

Corrective osteotomy for treating distal radius malunions



9

in 6%. The initial treatment was non-operative in 79% of all patients. If operative 
treatment was chosen, volar plating was applied in 12.5%. More than half of the 
patients (58%) were still working at time of the follow-up visit (Table 1).

All corrective osteotomies were distal radius open wedge osteotomies and were 
performed by two surgeons, one expert and one highly experienced surgeon 
according to the criteria of Tang and Giddins.31 When lengthening of the radius 
resulted in loss of bone contact between the proximal and distal part of the 

Figure 1.  Perioperative radiograph of a malunion of the distal radius, corrected with open 
wedge osteotomy and allogeneic hip bone graft, before a volar plate was applied
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1 patient died before follow-up

47 patients were invited to 
participate

43 patients completed DASH and 
PRWE questionnaire

37 patients ROM and grip 
strength

4 non-responders 10 patients declined to 
participate

48 patients

9

osteotomy, a graft was used. Grafts were used in 29 patients, of which 13 were 
allogenic hip bone grafts (27.1%) (Figure 1), 12 demineralised bone matrix (DBM) 
autogenic grafts (25%) and four autogenic grafts (8.3%). From the four autogenic 
grafts, three were collected from the greater trochanter using a reamer-irrigator 
aspirator (RIA). The other was a corticocancellous bone grafts from the iliac crest. 
Volar plates were used in 92% of all open wedge corrective osteotomies. One 
patient was treated with a dorsal plate and three patients were treated with a 
combination of a volar and dorsal plate.

All patients were invited to visit the outpatient clinic for a follow-up visit. One 
patient died before invitation. This left us a cohort of 47 patients who were invited 
to complete the questionnaires and to visit the outpatient clinic to measure range 
of motion of the wrist and grip strength (Figure 2).

DASH and PRWE questionnaire

Out of the 47 invited patients, 43 patients (92%) completed the DASH and PRWE 
questionnaire. Four patients declined to complete both questionnaires (Figure 
2). The median DASH score was 10.0 (IQR 5.8–23.3) and the median PRWE score 
was 18.5 (IQR 6.5–37.0). There were no significant differences in DASH and PRWE 

Figure 2. Flow diagram of patient selection

181 

Corrective osteotomy for treating distal radius malunions



9

scores between initially volar and dorsal angulated fractures and between AO/
OTA fracture types. Moreover, the DASH and PRWE scores were not significantly 
different between initially operative and non-operatively treated patients (Table 2). 

Table 2. Patient reported outcome measures after corrective osteotomy; specified for 
initial treatment, initial displacement and AO/OTA classification

DASH PRWE

(median (IQR)) p-value (median (IQR)) p-value

Overall score 10.0 (5.8 – 23.3) 18.5 (6.5 – 37.0)
Initial treatment

Non-operative 
Operative

10 (5.8 – 23.3) 
17.5 (7.9 – 27.5) 0.354 18.3 (4.9 – 38.4) 

18.5 (9.3 – 34.5) 0.952

Initial displacement
Dorsal angulation 
Volar angulation

12.9 (6.5 – 26.0) 
8.3 (1.3 – 20.4) 0.411 23.5 (9.1 – 42.1) 

13.5 (1.5 – 21.8) 0.152

AO/OTA classification
Type A 
Type B 
Type C

15.0 (7.9 – 26.5) 
7.5 (1.3 – 22.9) 
9.2 (0.2 – 25.0)

0.425
20.5 (11.4 – 34.9) 

3 (0 – 35) 
16.3 (4.6 – 44.9)

0.441

Values presented in bold are statistically significant. IQR :interquartile range, DASH: Disabilities 
of the Arm, Shoulder and Hand, PRWE: Patient-Rated Wrist Evaluation

Clinical evaluation

Out of the 47 invited patients, 37 (79%) patients participated in the follow-up 
at the outpatient clinic (Figure 2). Volar and dorsal flexion and radial and ulnar 
deviation of the injured side were significantly less compared to the uninjured 
side. Grip strength of the injured side comprised 85% of the contralateral wrist 
and was significantly less compared to the uninjured side (Table 3).

The median VAS score preoperatively was 6 (IQR 4–8) and postoperatively 1 (IQR 
0–3), which was a statistically significant difference (Table 4).

In total, 93% of the patients experienced a reduction of symptoms after the 
corrective osteotomy. Of all patients, 35% reported no disability or discontent at 
all concerning the wrist after the corrective osteotomy.
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Table 3. Clinical evaluation

Range of motion (mean (SD)) Injured side Uninjured side Difference p-value
Dorsal flexion 76.6° (13.2°) 82.3° (8.1°) 5.7° (9.0°) <0.001
Volar flexion 70.7° (11.3°) 77.8° (14.3°) 7.2° (15.7°) 0.009
Supination 75.1° (15.9°) 77.3° (9.6°) 2.2° (12.2°) 0.287
Pronation 77.2° (10.9°) 80.4° (9.2°) 3.2° (11.4°) 0.093
Radial deviation 10.7° (4.3°) 12.0° (4.0°) 1.4° (3.0°) 0.010
Ulnar deviation 20.7° (4.9°) 23.0° (3.2°) 2.4° (4.0°) 0.001
Grip strength (kg) 24.7 (13.7) 29.1 (13.6) 4.6 (5.7) <0.001

Values presented in bold are statistically significant. SD: standard deviation, kg: kilograms

Table 4.  Radiographic outcomes and pain scores

Radiographic parameters (mean (SD)) Preoperative Postoperative Improvement p-value
Radial inclination 16.4° (6.0°) 21.1° (4.9°) 4.7° (6.6°) <0.001
Radial length 8.1 (3.2) 10.7 (2.6) 2.5 (3.4) <0.001
Positive (+) or negative (-) ulnar 
variance 

2.3 (2.7) 0.6 (1.6) -1,7 (2.7) <0.001

Initial dorsal angulation -16.9° (10.1°) -0.15° (6.7°) 17.0° (11.2°) <0.001
Initial volar angulation 16.9° (7.5°) 13.1° (8.0°) 3.8° (5.7°) 0.066
VAS pain scores (median (IQR)) 6.0 (4 – 8) 1.0 (0 – 3) 3.0 (2 – 6) <0.001

Radial inclination and angulation are shown in degrees, radial length and ulnar variance are 
shown in millimetres. VAS pain scores are on a scale of 1 to 10. Values presented in bold are 
statistically significant. SD: standard deviation, IQR: interquartile range, VAS: visual analogue 
scale

Radiographic outcomes

Radial inclination improved by a mean of 4.7 (SD 6.6). Ulnar variance and radial 
length improved respectively by a mean of 1.7 mm (SD 2.7) and 2.5 mm (SD 3.4). 
The initially dorsal angulated malunions improved from a mean dorsal angulation 
of 16.9 (10.1) to a mean dorsal angulation of 0.15 (6.7) and the initially volar 
angulated malunions improved from a mean volar angulation of 16.9 (SD 7.5) 
to a mean volar angulation of 13.1 (8.0) (Table 4). The total angulation before 
corrective osteotomy ranged from 44 dorsal angulation to 26 volar angulation. 
After corrective osteotomy the range was 13 dorsal angulation to 28 volar 
angulation (Figure 3). The median time to union was 23 weeks (IQR 12–29.5) with 
a range of four to 128 weeks.
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Complications

A total of 18 long and short-term complications requiring additional treatment 
were diagnosed in 16 patients (38%). The most common complication was implant 
failure (breakage two screws and three plates), which occurred in five patients 
(10%). All these patients required a re-operation. One patient had a re operation 
due to a non-union of the distal radius after 33 weeks, for which a graft was used.
Four patients had a tendon rupture. The extensor pollicis longus tendon ruptured 
in three patients and was treated with transfer of the extensor indicis proprius 
tendon. One patient had a rupture of the extensor digitorum communis tendon 
of the third digit, which was treated with a side to side repair with the extensor 
tendon of the fourth digit. 
Three patients had a superficial wound infection that was treated with antibiotics. 
Implant removal due to implant related complaints was performed in two patients. 
One patient had persistent ulnar sided wrist pain due to a suspected Triangular 
fibrocartilage complex (TFCC) lesion, which was treated with a corticosteroid 
injection. One patient had a dorsal ganglion cyst, which was treated with aspiration 
and a corticosteroid injection.
One patient undergoing bone harvesting from the right trochanter major using 
a reamer-irrigator-aspirator (RIA) suffered from a femoral neck fracture four 
weeks postoperatively. The fracture was fixated using a lateral femoral nail (LFN). 
The fracture consolidated approximately two months after surgery, after which 
functionality restored.

Figure 3. Distribution of dorsal and volar angulation in degrees before and after corrective 
osteotomy
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Symptomatic hardware occurred in ten patients. In nine of these patients the 
implant was removed; one patient was scheduled for implant removal at the time 
of follow-up.

Graft versus no graft

There were no differences in the initial displacement between the graft and the 
no graft group. Additionally, there were no differences in DASH and PRWE scores 
between patients with bone grafts versus no bone grafts. The same applied to 
the time to union. However, there was a significant difference in radial inclination 
and radial length after the corrective osteotomy in favour of graft usage. Ulnar 
variance and dorsal and volar inclination were not significantly different between 
the two groups. Additionally, we found no significant difference in complications 
between graft and no graft usage (p=0.359) (Table 5). Especially no significant 
differences were found in re-operations due to implant failure (p=0.635).

Table 5. Graft versus no graft

Graft 
N = 29

No graft
N = 19

p-value

Initial displacement
Dorsal angulation 24 14

0.487
Volar angulation 5 5

DASH (median (IQR)) 9.2 (5.8 – 17.9) 15 (8.3 – 28.3) 0.114
PRWE (median (IQR)) 14 (6.1 – 27.5) 32.5 (7 – 47) 0.149
Postoperative radiographic outcomes (mean (SD))

Radial inclination 22.5⁰ (5.3⁰) 19.0⁰ (3.5⁰) 0.015
Radial length 11.4 (2.5) 9.6 (2.6) 0.025
Ulnar variance 0.3 (1.5) 1.0 (1.7) 0.149
Initial dorsal angulation 4.7⁰ (4.3⁰) 4.5⁰ (3.5⁰) 0.944
Initial volar angulation 7.1⁰ (5.4⁰) 9.0⁰ (6.2⁰) 0.841

Time to union (median (IQR)) 23 (11.5 – 29.5) 22 (13.8 – 33.0) 0.924
Number of complications 13 9 0.359

Radial inclination and angulation are shown in degrees, radial length and ulnar variance are 
shown in millimetres. VAS pain scores are on a scale of 1 to 10. Values presented in bold are 
statistically significant. SD: standard deviation, IQR: interquartile range
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DISCUSSION

The results of this study show that although there is a significant difference in 
range of motion of the injured wrist compared with the uninjured wrist, this is not 
reflected in both the DASH and PRWE-score which are low and comparable with the 
normal population. Moreover, these differences are small and therefore we doubt 
if this would have any clinically important influence on the overall function of the 
wrist. Furthermore, pain scores decreased and radiographic parameters improved 
significantly after the corrective osteotomy. Additionally, except for a significant 
difference in radial inclination and length after the corrective osteotomy in favour 
of graft usage, there was no significant differences in functional outcomes, time 
to union and complications between graft an no graft usage.

Over the past 15 years, corrective osteotomies for malunited distal radius 
fractures have been studied in large populations and with long follow-up periods. 
Disseldorp et al. retrospectively reviewed 132 corrective osteotomies of distal 
radius malunions.11 Their mean time to follow-up was 92 months (range 13 to 
252 months). Almost all osteotomies healed within four months and no non-
unions occurred. Radiographic parameters showed significant improvement after 
surgery. However, they did not include patient reported outcomes such as the 
DASH and PRWE questionnaire. The same applies to the study of Wieland et al. 
and the study of Flinkkilä et al.16,32 Both studies found improved radiological and 
clinical outcomes, but no patient reported outcomes were reported.
In 2010, Lozano-Calderón et al. published a case series of 22 patients with a 
mean follow-up of 13 years.24 Patient reported outcomes such as the DASH 
questionnaire, modified Gartland and Werley score and the modified Green and 
O’Brien score were used to measure long-term functional outcomes. They found 
a DASH score of 16, corresponding to mild perceived disability, and demonstrated 
that long-term functional results were poor compared to studies that mainly 
focused on radiographic correction and clinical improvement.

In this study, we found a median PRWE score of 18.5 (IQR 6.5–37.0) and a DASH 
score of 10.0 (IQR 5.8–23.3), which is equal to the estimated score of the general 
population, as mentioned by Hunsaker et al.25 However, compared with the results 
of other studies using these questionnaires to evaluate the functional outcome 
after corrective osteotomies, we found a lower DASH score. In these studies the 
DASH scores ranged between 14 and 25.18,24,33,34 Moreover, these studies were 
performed in smaller study populations compared to our cohort of patients.
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Grip strength in our patients recovered to 85% of uninjured side. This grip strength 
percentage is higher compared to other reports in the existing literature, were 
grip strength recovered up to 80% compared to the uninjured side.16,24,35,36

We found statistically significant improvements on all radiographic parameters, 
except for volar angulation. This could be explained by the fact that our population 
mainly consisted of dorsally displaced malunions or malunions with a positive ulnar 
variance resulting in ulnar abutment. Correspondingly, the largest radiographic 
improvement was shown for dorsal angulation and ulnar variance. Furthermore, 
there was a significant difference in radial inclination and radial length when a 
graft was used. This demonstrates that in patients where, in particular, a deficit in 
radial height must be bridged, a graft may be considered.

The overall complication rate in our study was 40%. Only one non-union occurred, 
which is comparable with the literature.11 This non-union occurred in a patient 
were a graft was used at the initial corrective osteotomy. A total of five implant 
failures occurred. However, we found no significant difference in re operations 
between graft (four patients) versus no graft (one patient) at the initial corrective 
osteotomy. 
One exceptional complication was a fracture of the right femoral neck. This 
happened four weeks after a reaming irrigation aspirator (RIA) procedure had 
been conducted for harvesting bone. This is a relatively new technique for 
harvesting large quantities of intramedullary bone material. However, in most 
corrective osteotomies this technique is considered redundant. Ten patients 
had symptomatic hardware requiring hardware removal. This number was lower 
compared to the literature.11,37

Some limitations of this study should be kept in mind. First, the retrospective 
character of this study prevented us from obtaining valuable pre-surgical data such 
as the DASH and PRWE scores, range of motion, grip strength and VAS scores. Pre-
surgical VAS pain scores were retrospectively determined by asking the patients. 
This however, could have led to an over or underestimation (recall bias). Future 
research should focus on collecting this pre-surgical data prospectively, in order 
to minimise recall bias.
Second, to determine the time to union, we calculated the time between corrective 
osteotomy and bridging of the fracture site by bone or callus determined at 
radiograph of the wrist. The time interval between radiographs stretched from a 
few weeks to several months. This gave some uncertainty about the actual date of 
union. In our study this could have led to an overestimation of the time to union. 
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Lastly, the follow-up ranged from six to 82 months. This means not all patients had 
the same amount of time to functionally recover after the corrective osteotomy 
and therefore could have led to higher DASH and PRWE scores for the patients 
with a shorter follow-up.

Conclusion

Corrective osteotomy is an effective method of treating symptomatic distal radius 
malunions with good long-term functional results, measured with the DASH 
and PRWE score, and improvement in radiographic parameters and pain scores. 
Additionally, no differences in functional outcomes were found between graft and 
no graft usage.
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ABSTRACT

Study design: Cross-sectional study.

Introduction: The Patient-Rated Wrist Evaluation (PRWE) questionnaire is used 
to evaluate functional outcomes after treatment of wrist and hand injuries and 
non-traumatic conditions. Since patients commonly present with an injury, it is 
impossible to assess pre-injury physical functioning. Therefore, it is important to 
be aware of the population-based normative data.

Purpose of the Study: The aim of this study was to determine the normative 
data for the PRWE questionnaire. Secondary, we aimed to determine if there were 
factors influencing these normative data. 

Methods: Visitors and employees of 4 hospitals were requested to participate. 
Excluded were all participants who were scheduled for surgery or were in 
treatment or after treatment for an injury of the wrist or hand within 1 year after 
trauma. All participants were asked to complete the PRWE questionnaire and were 
asked for their age, sex, history of wrist or hand fracture or surgery, daily activities, 
and the type of employment. The socioeconomic status was determined based on 
the zip code.

Results: The median PRWE score was 0 (interquartile range: 0-8.5) and the 
mean score 7.7 (standard deviation: 15.0). Women had significantly higher 
scores compared to men, and younger individuals had significantly lower scores. 
Participants with a history of wrist or hand fracture or surgery, and participants 
who were unfit for work had significantly higher scores. Socioeconomic status was 
not correlated with the PRWE score.

Discussion: The purpose was to provide an representative overview of the normative 
data for the normal population. We did not want to present the data of an unnatural 
healthy population, which is not representative of the normal population. Deleting 
patients with chronic wrist or hand complaints, would have resulted in normative 
values which are not representable for the normal, average population.

Conclusion: Low scores are observed for the PRWE in the general population. 
These scores are age and sex dependent and are higher in individuals with a 
history of wrist or hand fracture or surgery or who are unfit for work.
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INTRODUCTION

The Patient-Rated Wrist Evaluation (PRWE) is a well-known and validated 15-item 
questionnaire that focuses on the measurement of wrist pain and disability in 
activities of daily living.1,2 The PRWE questionnaire is extensively used to evaluate 
functional outcomes after treatment of wrist and hand injuries and non-traumatic 
conditions.3,4

Commonly, patients already have an injury of the wrist at presentation, which 
makes it impossible to assess pre-injury physical functioning. Since questionnaires 
assessing pre-injury wrist functionality are administered after injury, they are 
impeded by recall bias.5 Consequently, it is difficult to examine the effect of a 
treatment and whether patients have returned to, or at least come closer to, 
pre-disease ranges of functioning. For this reason, it is important to be aware 
of the population-based normative data. A comparison of posttreatment clinical 
data with normative data from a general population serving as a reference group 
permits physicians and researchers to assess whether their findings are different 
from populations norms. Moreover, normative data can ascertain whether 
posttreatment function is comparable to normal age- and gender-expected values 
or whether patients suffer from persistent pain or disability due to the sustained 
injury.6 Normative data for two upper extremity-specific patient-reported outcome 
measures have been determined in specific populations.7-10 For the Disability 
of the Arm, Shoulder and Hand (DASH) questionnaire, these normative values 
range from 10-15 and proved to be age, sex, and vocational activity dependent. 
However, for the PRWE questionnaire, no such data are available.

Purpose of the study

The aim of this study was to determine the normative data for the PRWE 
questionnaire. Secondary, we aimed to determine the influence of age, sex, history 
of wrist or hand fracture or surgery, type of employment, and socioeconomic 
status (SES) on the normative data for the PRWE.
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METHODS

Study design and participants

Adult visitors to the outpatient clinic of the department of surgery and employees 
of four hospitals, one university and three teaching hospitals, were asked to 
participate in this study. The four participating hospitals were situated in different 
regions, both rural as urban, in the Netherlands. Excluded were all participants 
who were scheduled for surgery or were in treatment or after treatment for an 
injury of the wrist or hand within one year after trauma. The need for informed 
consent was waived by the local Medical Ethics Review Board.

Outcomes

All participants were asked to complete the Dutch version of the PRWE 
questionnaire and were asked for their age, sex, history of wrist or hand fracture 
or surgery, daily activities, and the type of employment. The Dutch version of the 
PRWE has been translated and validated, showing adequate model fit.11,12 The 
PRWE questionnaire consists of 15 questions, of which 5 relate to pain of the wrist 
and 10 to functionality of the wrist while performing daily activities. Participants 
rate their level of pain and disability on a scale from 0 to 10. The lowest score is 
zero, indicating no pain and disability, the highest score is 100, indicating worse 
pain and severe disability.1

Daily activities (roles) were classified as working, student, homemaker, retired, 
unemployed, unfit for work, or other. Unfit for work was defined as not able to 
work due to any condition, including a condition of the wrist or hand. In case of a 
working participant, they were asked whether they considered their employment 
to be blue (physically very demanding), pink (physically moderately demanding), 
or white collar (physically not demanding). Furthermore, the SES was determined 
based on the zip code of the participants. The SES for each zip code or area was 
derived from a list from the Netherlands Institute for Social Research, providing a 
value between 6.7 and +3.1. Zero represents the average SES of the Netherlands.

Additionally, the optional two questions on the aesthetics of the hand were added 
to the PRWE questionnaire. The first question is about the appearance of the 
hand. Participants have to indicate if they feel the appearance of their hand is very 
important to them, somewhat important, or not important at all. In the second 
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question, participants have to scale their satisfaction with the appearance of their 
hand on a scale of zero (no dissatisfaction) to 10 (complete dissatisfaction). These 
two questions are not taken into account in the total PRWE score but are reported 
separately and are therefore nonobligatory, consistent with the PRWHE scoring.

Sample size

We considered at least 250 participants per hospital sufficient in order to be 
representative for the entire population, resulting in a total of at least 1000 participants. 
During collection of the data, age and sex of the participants were continuously 
monitored in order to obtain comparable group sizes. When necessary, participants 
of a specific age or sex were explicitly approached to participate in this study.

Statistical analysis

Although missing data of the PRWE may be imputed, no information is given 
regarding the amount of missing answers allowed. In the present study, missing 
data were imputed by using mean imputation if less than three questions were 
missed on the pain subscale and less than four questions on the function subscale 
as proposed by John et al.13

Descriptive statistics were used to summarize baseline characteristics. Categorical 
variables were presented as frequencies and percentages. Normality of the PRWE 
was assessed by visually inspecting the normality plots. Due to the non-normal 
distribution, the PRWE was presented as median and interquartile range (IQR). 
Additionally, the mean and standard deviation (SD) were provided to show the 
variability of the whole population and to allow comparison with other studies. 
This has also been done by previous studies assessing the normative values 
for patient-reported outcome measures.7,8,14,15 Age was divided into three 
subcategories: 18-40 years, 40-65 years, and 65 years and older. In addition, 
age- and sex-matched normative data were calculated according to the Sex and 
Gender Equity in Research (SAGER) guidelines.16

The Mann-Whitney U test was used to test for differences in sex and history 
of wrist or hand fracture or surgery. The Kruskal-Wallis test was used to test 
for differences in the three age groups, in type of employment (blue, pink, or 
white collar), and in activities of daily living. The Spearman’s rho test was used 
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1155 patients

1042 patients

University hospital: 257 (24.7%)
Teaching hospital 1: 268 (25.7%)
Teaching hospital 2: 264 (25.3%)
Teaching hospital 3: 253 (24.3%)

Excluded (113):
- Scheduled for surgery or in/after treatment 
  of injury of the wrist or hand (53)
- Too much missing data which could not be 
implemented (60)

10

to calculate the correlation between the PRWE and age and SES. To test for 
independent predictors for the PRWE score, a linear multivariable analysis was 
performed using 1000 bootstrap samples due to the non-normality of the data. 
Additionally, the Mann-Whitney U test and the Kruskal-Wallis test were used to 
determine if there were any differences between the subscales pain and function, 
and sex and the three different age groups, respectively. A P-value <0.05 was 
considered statistically significant. Analysis was performed using SPSS, version 23 
(IBM, Armonk, New York, NY).

RESULTS

Demographics

A total of 1155 participants were approached, of which 113 participants were 
excluded. This left 1042 eligible participants for analysis, equally divided among 
the 4 participating hospitals (Figure 1). The median age was 51 years (IQR: 38-64), 
with a range of 18-90 years and 56% of the participants were women. Almost half 

Figure 1. Selection of included participants
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of the participants were between 40 and 65 years old (46.8%). Of all patients, 
15% had a history of a wrist or hand fracture or surgery more than 1 year ago, and 
57% was still working at time of completing the questionnaire. Of all patients who 
indicated that they were still working, 44% performed white collar jobs, 33% pink 
collar jobs, and 23% blue collar jobs (Table 1).

Table 1. Demographics

Characteristics N = 1042
Age (median [IQR], range) 51 [38 – 64]   18 – 90

Age 18 – 40 (%) 
Age 40 – 65 (%) 
Age ≥ 65 (%)

299 (29) 
488 (47) 
255 (24)

Gender
Women (%) 584 (56)
Men (%) 458 (44)

Medical history
Wrist or hand fracture or surgery > 1 year ago (%) 
No history (%)

155 (15) 
887 (85)

Daily activities
Working (%) 
Student (%)

597 (57) 
55 (5)

Homemaker (%) 67 (6)
Unemployed (%) 
Unfit for work (%) 
Retired (%) 
Other (%)

25 (2) 
51 (5) 

234 (23) 
12 (1)

Type of employment
Blue collar (%) 
Pink collar (%) 
White collar (%)

146 (23) 
215 (33) 
287 (44)

PRWE score

The median PRWE score of the entire cohort was 0 (IQR: 0-8.5), with a range of 
zero to 97. Of the 1042 participants, 615 participants (59%) had a score of zero 
(Figure 2). The mean score in the entire cohort was 7.7 (SD 15.0; Table 2). For the 
two subscales pain and function, the median PRWE scores were zero (IQR: 0-5) 
and zero (IQR: 0-2), respectively, and the mean PRWE scores 4.3 (SD 8.6) and 3.3 
(SD 7.5), respectively.
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The median PRWE score for women was zero (IQR: 1-10.5) and the mean 8.6 (SD 
15.9). For men, the median and mean PRWE score were 0 (IQR: 0-6.1) and 6.5 
(SD 13.6), respectively. Women had a statistically significant higher PRWE score 
compared to men (p=0.014). The same applied to patients who had a history of 
a wrist or hand fracture or surgery (p<0.001). Participants who indicated that 
they were unfit for work had a statistically significant higher median PRWE score 
compared to participants performing other daily activities (p<0.001). There 
were no statistically significant differences in the three age groups and in type of 
employment (Table 3).

Table 2. PRWE scores related to percentiles

Percentile

5th 10th 25th 50th 
(median)

75th 90th 95th Mean (SD)

0.0 0.0 0.0 0.0 8.5 27.9 43.4 7.7 (15.0)

Figure 2. Distribution of the PRWE score. PRWE: Patient-Rated Wrist Evaluation
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Table 3. Differences in PRWE scores

Median [IQR] range Mean (SD) p-value
Age

Age 18 – 40 
Age 40 – 65 
Age ≥65

0 [0 – 6]
0 [0 – 9.5]
0 [0 – 11.5]

0 – 85.5
0 – 90
0 – 97

5.5 (11.7)
8.3 (16.0)
9.2 (16.0)

0.125#

Gender
Women
Men

0 [0 – 10.5]
0 [0 – 6.1]

0 – 97
0 – 90

8.6 (15.9)
6.5 (13.6) 0.014§

Medical history
Wrist or hand fracture or surgery >1 
year ago 
No history of wrist or hand fracture 
or surgery

3.5 [0 – 21]

0 [0 – 7]

0 – 97

0 – 90

13.6 (19.9)

6.6 (13.7) <0.001§

Daily activities
Working (%) 
Student (%) 
Homemaker (%) 
Unemployed (%) 
Unfit for work (%) 
Retired (%) 
Other (%)

0 [0 – 5.7]
0 [0 – 6]
0.5 [0 – 15.5]
0 [0 – 8.8]
23 [0 – 48] 
0 [0 – 10.3]
0 [0 – 0]

0 – 90
0 – 41.5
0 – 67.5
0 – 48.5
0 – 85.5 
0 – 97
0 – 36.5

5.7 (12.1)
4.6 (8.8)
10.7 (17.4)
6.6 (13.6)
26.7 (26.1) 
8.8 (15.9)
4.7 (11.5)

<0.001#

Type of employment
Blue collar 
Pink collar  
White collar

0 [0 – 7.6]
0 [0 – 5]
0 [0 – 5.5]

0 – 65.5
0 – 90
0 – 59

7.5 (14.7)
5.2 (11.9)
5.3 (11.0)

0.354#

Values presented in bold are statistically significant. IQR: interquartile range, SD: standard 
deviation. # Kruskal-Wallis test § Mann-Whitney U test

A statistically significant positive correlation of 0.084 between age and the PRWE 
score was found (p=0.007), indicating that PRWE scores increase with increasing 
age (Figure 3, Appendix 1). A weak and insignificant correlation between the 
PRWE and the SES was found (correlation coefficient 0.023, P=0.470).

In multivariable analysis, age, a wrist or hand fracture or surgery more than one 
year ago, or being unfit for work were found to be independent predictors for the 
PRWE score (Appendix 2).

In addition, there was a statistically significant difference in the subscale function 
for both sex (P=0.003) and for the three different age groups (P=0.001). No 
differences on the subscale pain were found (Table 4).

201 

Normative data for the Patient-Rated Wrist Evaluation questionnaire



10

Table 4. PRWE subscales

Subscale PRWE 
Pain

Subscale PRWE 
Function

Median 
[IQR]

range Mean 
(SD)

p-value Median 
[IQR]

range Mean 
(SD)

p-value

Age
Age 18 – 39  
Age 40 – 65 
Age ≥65 

0 [0 – 4]  
0 [0 – 5]    
0 [0 – 6]   

0 – 44 
0 – 44 
0 – 50

3.6 (7.3) 
4.6 (9.2) 
4.6 (9.0)

0.955#
0 [0 – 1]    

0 [0 – 2.5]    
0 [0 – 4.5]   

0 – 41.5 
0 – 46 
0 – 48

1.8 (5.1) 
3.7 (8.0) 
4.5 (8.7)

0.001#

Gender
Women  
Men

0 [0 – 6]    
0 [0 – 4]   

0 – 50 
0 – 44

4.7 (9.0) 
3.8 (8.1) 0.133§ 0 [0 – 3.4]    

0 [0 – 1]   
0 – 48 
0 – 46

3.8 (7.9) 
2.7 (6.9) 0.003§

Values presented in bold are statistically significant. IQR: interquartile range, SD: standard 
deviation. # Kruskal-Wallis test § Mann-Whitney U test

Figure 3. Sex-specific mean PRWE scores and standard deviation per age category. PRWE: 
Patient-Rated Wrist Evaluation.

202 

PART III Chapter 10



10
Optional aesthetics score

The optional two questions about the aesthetics of the hand were completed by 
1038 participants. Of these participants, 317 (30%) stated that the appearance 
of their hand was very important, 496 participants (48%) indicated that the 
appearance was somewhat important, and 225 participants (22%) indicated that 
the appearance was not important at all.

There were 440 individuals (42%) who had no dissatisfaction at all about the 
appearance of their hand at the time of completing the questionnaire. Eight 
individuals (1%) were completely dissatisfied with the way their wrist or hand 
looked (Figure 4). The median score of the aesthetics score was one (IQR: 0-2) 
with a range from zero to 10. Women scored significantly higher on the aesthetics 
score compared to men (median one [IQR: 1-3] vs median one [IQR: 1-2]; P=0.023).

Figure 4. Distribution of the PRWE aesthetics score. PRWE: Patient-Rated Wrist Evaluation.
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DISCUSSION

The normative value of the PRWE is low, with a median value of zero (IQR: 0-8.5) 
and a mean of 7.7 (SD: 15.0), indicating high wrist functionality in the general 
population, and is age and sex dependent. The PRWE score significantly increases 
in elderly individuals, and women have statistically significant higher PRWE scores. 
Moreover, individuals with a history of a wrist or hand fracture or surgery and 
individuals who are unfit for work have statistically significant higher PRWE scores.

Although the median PRWE score for all the variables is zero, statistically significant 
differences do exist between sex, age, a history of a wrist or hand fracture or surgery, 
and for patients unfit for work. Despite the fact that reporting mean values for this 
non-normally distributed data is not accurate, it does show the variability of the 
whole population. Moreover, it allows for comparison with other clinical studies 
since most reports of clinical materials use mean scores and SDs. This has been 
done in previous studies reporting normative values for other patient-reported 
outcome measures like the DASH questionnaire.7,8 Hunsaker et al determined the 
normative value for the DASH questionnaire in 1706 individuals and found a mean 
score of 10 (SD: 14.7).7 The normative values of the Norwegian version of the DASH 
were determined by Aasheim and Finsen, based on 992 individuals. They found a 
mean score of 15 (SD 3) for women and a mean score of 11 (SD 2) for men.8 We 
found a lower normative mean value for the PRWE of 7.7 (SD 15.0) for the whole 
cohort, and a mean PRWE score of 8.6 (SD 15.9) for women and 6.5 (SD 13.6) for 
men. This difference can be explained by the fact that the PRWE is more wrist 
specific, whereas the DASH questionnaire incorporates the whole upper extremity. 
It has been shown that the prevalence for physical impairment associated chronic 
pain depends on the anatomic region within the upper extremity. 
Shoulder or upper arm pain was reported in 15.5% (confidence interval: 14.1-17.0) 
of the participants but hand and wrist pain in only 10.0% (confidence interval: 
8.9-11.3) of the participants.17 Furthermore, the DASH questionnaire includes 
questions on different activities that would be difficult for some participants 
despite them having active complaints of the upper extremity.

We chose to exclude participants who were scheduled for surgery or were in 
treatment or after treatment for an injury of the wrist or hand within one year 
after trauma and therefore excluding individuals with active wrist complaints. Our 
purpose was to provide a representative overview of the normative values for the 
normal population. We did not want to present the data of an unnatural healthy 
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population, which is not representative of the normal population. In the normal 
population, some patients have chronic wrist or hand complaints (e.g. previous 
fracture, rheumatoid arthritis, ganglion, and midcarpal instability), resulting in 
individuals who scored higher than 0. If we would remove these patients, this 
would result in normative values which are not representable for the normal, 
average population. Previous studies determining the normative data for other 
patient-reported outcome measures used the same inclusion criteria.14,15 In 
addition, studies assessing the normative data for the DASH questionnaire did 
not even use exclusion criteria.7-10 Though still 59% of the participants scored the 
minimum score for the PRWE, and 75% of the participants had a score of 8.5 or 
lower (75th quartile range: 0-8.5).

At one-year follow-up after operatively and non-operatively treated distal radius 
fractures, mean PRWE scores of 12 to 15 have been reported.18,19 In addition, long-
term functional results after corrective osteotomies for distal radius malunion 
showed median PRWE scores of 18.5.20 When comparing these PRWE scores to 
the normative values for the PRWE, it can be suggested that there is some residual 
disability due to the distal radius fracture or previous malunion.

The absence of a floor and ceiling effect is favourable as it enables to differentiate 
between patients at the low and high ends of a scoring system.21-23 No floor and 
ceiling effects are reached if less than 15% of the individuals reach the maximum 
and minimum score, respectively.24 In this cohort, no participants reached the worst 
possible score; therefore, there was no floor effect detected. However, 59% of the 
participants scored the minimum score for the PRWE, indicating a ceiling effect. This 
is in contrast with a previous study regarding the PRWE questionnaire.25 However, 
this difference can be explained by the fact that we only included relative healthy 
participants although the study which found no ceiling effect for the PRWE included 
patients with injuries of their wrist or hand. Besides the absence of a floor effect, 
there were some outliers. The three highest outliers with a PRWE score of 97, 90, 
and 85.5 were participants of 66, 46, and 21 years old, respectively. Only one of 
these participants sustained a fracture of the wrist five years ago. The other two 
participants had no history of a wrist or hand fracture or surgery or other non-
traumatic conditions of the wrist or hand.

Even though the subscale scores of the Dutch Language Version of the PRWE (PRWE-
DLV) have a low reliability12, we used the subscale to explore the significant differences 
in the total score. We found that the difference in age and sex was associated with 
function rather than pain. Despite the positive correlation between the PRWE and 
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age, we found no difference in PRWE scores and the three age groups. However, 
looking at the IQR of the three different age groups, we found that in participants aged 
65 years and older, 25% of these patients have a PRWE score of 11.5 or higher. This is 
also reflected by the mean scores of 5.5 (SD 11.7) for participants aged between 18 
and 40 years, 8.3 (SD 16.0) for participants aged between 40 and 65 years, and 9.2 
(SD 16.0) for patients aged 65 years and older. Therefore, the results of patients with 
different ages should be interpreted with caution, keeping in mind the age-dependent 
differences. The statistically significant higher PRWE score for individuals unfit for work 
should also be kept in mind, when evaluating the treatment effect in these individuals. 
Although the cause of being unfit is unknown and may not necessarily be related to 
the wrist or hand, it should be acknowledged that these individuals have higher pre-
injury levels of functioning and could therefore not be compared to other individuals. 
In addition, we added the two optional questions on the aesthetics of the hand. 
Women scored significantly higher on the aesthetics score compared to men (median 
one [IQR: 1-3] vs median one [IQR: 1-2]). However, since this difference is only reflected 
by the difference in IQR and not by the difference in median PRWE score and the two 
questions are not part of the scale scoring, the clinical relevance is negligible.

A possible limitation could be that we might not have incorporated a population 
which is representative of the population as a whole. Though we constantly 
monitored the distribution of the included participants regarding age and sex, 
for the SES and type of employment this was not possible, which could have 
introduced bias. Using income and education level as an indicator of SES, Chung 
et al. and Paksima et al. showed that these factors affect functional outcome 
following a distal radius fracture measured with the Michigan Hand Outcomes 
Questionnaire (MHQ) score and the DASH score, respectively.26,27 However, we 
found a very weak and statistically insignificant correlation between SES and the 
PRWE in this cohort of patients. Suggesting that SES influences rehabilitation 
after a distal radius fracture but is not correlated with functional outcome in a 
relative healthy population. Furthermore, we found no difference in the type of 
employment. However, we feel that by including over 1000 participants in four 
different hospitals and regions in the Netherlands, both urban and rural, we have 
limited this bias and are able to provide a genuine estimate of the normative 
values for the PRWE.
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Conclusions

Low scores are observed for the PRWE in the general population. These scores 
are age and gender dependent and are higher in individuals with a history of wrist 
or hand fracture or surgery or who are unfit for work. Presenting the results of 
a treatment for wrist or hand injuries in the light of normative data is far more 
representative and revealing then only presenting outcome scores. Therefore, 
the results of this study could not only guide in interpreting the results of clinical 
studies, but could also guide therapists in evaluating the results of their treatment 
and evaluate if patients have returned to, or at least come closer to, pre-injury 
ranges of functioning.
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Appendix 1. Gender matched PRWE scores

Women Men

Age Median [IQR] Range Mean (SD) Median [IQR] Range Mean (SD)
Age <30 0.0 [0.0 – 6.4] 0.0 – 85.5 5.5 (12.0) 0.0 [0.0 – 3.3] 0.0 – 49.0 3.3 (8.6)
Age 30 – 39 0.0 [0.0 – 5.8] 0.0 – 63.0 5.5 (11.2) 0.0 [0.0 – 8.8] 0.0 – 65.8 8.0 (14.7)
Age 40 – 49 0.0 [0.0 – 5.0] 0.0 – 69.5 7.0 (15.5) 0.0 [0.0 – 11.0] 0.0 – 90.0 7.7 (15.5)
Age 50 – 59 0.0 [0.0 – 15.3] 0.0 – 77.5 10.1 (17.2) 0.0 [0.0 – 4.4] 0.0 – 72.0 6.1 (13.6)
Age 60 – 69 0.0 [0.0 – 11.8] 0.0 – 97.0 9.6 (17.9) 0.0 [0.0 – 4.3] 0.0 – 59.0 6.5 (13.9)
Age 70 – 79 5.0 [0.0 – 26.0] 0.0 – 77.0 15.7 (20.1) 0.0 [0.0 – 59.5] 0.0 – 10.0 7.5 (13.7)
Age ≥80 15.5 [4.0 – 26.0] 0.0 – 42.0 16.3 (12.9) 0.0 [0.0 – 11.0] 0.0 – 50.0 8.4 (15.9)

IQR: interquartile range, SD: standard deviation

Appendix 2. Independent predictors for the PRWE score

B# p-value 95% confidence interval
Age 0.082 0.042 0.002 0.163
Wrist or hand fracture or surgery > 1 year ago 5.209 0.003 -8.480 -2.277
Daily activities$

Student
Homemaker
Unemployed
Unfit for work
Retired

1.031
2.866
0.810

19.281
0.834

0.499
0.194
0.757
0.001
0.614

-1.828
-1.337
-4.029
11.888
-2.464

4.210
7.550
6.354

26.921
4.159

Values presented in bold are statistically significant. # mean increase $ working as reference
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ABSTRACT

Background: Although secondary displacement following closed reduction and 
plaster immobilisation is high, several guidelines still recommend non-operative 
treatment for displaced distal radius fractures with an adequate closed reduction.

Purpose: The purpose of this study was to evaluate functional outcomes, measured 
with the Disability of the Arm, Shoulder and Hand (DASH) questionnaire, in non-
operative treated patients with displaced distal radius fractures and an adequate 
closed reduction confirmed on radiograph.

Materials and methods: From a retrospective database, we reviewed non-
operative treated adult patients with an unilateral displaced distal radius fracture 
and adequate closed reduction confirmed on radiograph. The primary outcome 
was the DASH score at 12 months. DASH scores were prospectively collected pre-
trauma and at three, six and 12 months. Secondary outcome was the number of 
subsequent surgeries due to secondary displacement or a symptomatic malunion, 
and their possible predictors. Additionally, the difference in DASH scores between 
patients who were treated due to secondary displacement and asymptomatic 
malunion was compared.

Results: One-hundred and sixteen patients were included. The median age was 
62 years and 79% was female. Fractures were classified according to the AO/OTA 
classification as follows: AO/OTA type A (49%), AO/OTA type B (3%), AO/OTA type 
C (48%). After 12 months the median DASH score was 15. Forty-six (40%) patients 
underwent subsequent surgery due to a secondary displacement or symptomatic 
malunion. No significant differences in DASH scores between patients who were 
treated non-operatively and patients who received subsequent surgery were 
found. Younger patients were more likely to undergo subsequent surgery. Patients 
with a symptomatic malunion had significant higher DASH scores compared to 
patients with secondary displacement.

Discussion: Non-operative treatment of displaced distal radius fractures after 
adequate closed reduction confirmed on radiograph leads to acceptable functional 
outcomes after 12 months, however, at the expense of 40% subsequent surgeries.
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INTRODUCTION

One in six fractures at the Emergency Department is a distal radius fracture.1,2 
Almost two-third of these fractures are displaced and need to be reduced.3 For 
displaced distal radius fractures treated with an adequate closed reduction, there 
is no consensus whether these patients should be provided surgery or not. Both 
non-operative treatment with plaster immobilisation and open reduction and 
internal fixation show good functional results.4-7 Although, secondary displacement 
following closed reduction and plaster immobilisation is ranging between 43 and 
60% and increasing with age8-10, several International Guide lines still recommend 
non-operative treatment for displaced distal radius fractures with an adequate 
closed reduction.11-15 The ideal treatment for initially displaced distal radius 
fractures should aim on proper alignment, no secondary displacement leading to 
subsequent surgery and the optimum functional outcomes. Despite the fact that 
several authors proposed predictors for secondary displacement, we are still not 
able to predict which fractures are prone for secondary displacement.8,10,16 And 
therefore we are still not able to guide the decision to operate or not based on 
these predictors. To give guidance to this discussion, patient reported outcome 
measures should be taken into account.

The purpose of this study was to evaluate functional out comes, measured with the 
Disability of the Arm, Shoulder and Hand (DASH) questionnaire, of non-operative 
treated displaced distal radius fractures with adequate closed reduction confirmed on 
radiograph. Secondary, we aimed to determine the rate of subsequent surgeries due 
to secondary displacement or a symptomatic malunion, and their possible predictors.

METHODS

Study design

From a retrospective database, we reviewed adult patients with a unilateral 
displaced distal radius fracture and adequate closed reduction confirmed on 
radiograph, treated between 2007 and 2011. The setting was a teaching hospital in 
the Netherlands. Adequate closed reduction was defined, according to the Dutch 
National Guidelines12, as ≥15° radial inclination, <5 mm loss of radial height, <20° 
volar angulation, <15° dorsal angulation, and an intra-articular gap or step-off <2 mm.
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Inclusion criteria were adult patients with an unilateral displaced distal radius 
fracture, caused by a high or low energetic trauma, and an adequate closed 
reduction confirmed on radiograph, who were treated non-operatively with plaster 
immobilisation. Patients were treated with a below elbow cast for four to six weeks. 
Patients were seen at the outpatient clinic one to two weeks after the initial trauma 
and after four to six weeks when the plaster was removed. Exclusion criteria were 
primarily operatively treated patients. The primary outcome was the DASH scores 
at 12 months. Secondary outcomes were the number of subsequent surgeries due 
to secondary displacement or symptomatic malunion and their possible significant 
predictors. Additionally, the difference in DASH scores between patients who were 
treated due to secondary displacement and a symptomatic malunion were com pared

Data collection

Demographic data included gender, age at trauma, injured side, dominant hand, 
AO/OTA fracture classification and presence of a concomitant fracture of the distal 
ulna. Intraoperative data including dorsal or volar approach and plate removal 
during follow-up were also recorded. All fractures were classified according the 
AO/OTA fracture classification on standard posteroanterior and lateral radiographs.

DASH scores were prospectively collected pre-trauma and at three, six and 12 
months. The DASH score is a 30item, Patient Reported Outcome Measure (PROM), 
which measures disability in patients with musculoskeletal disorders of the upper 
limb.17-19 The lowest score is zero, indicating no disability, and the highest score is 
100, indicating severe disability. The pre-trauma DASH score was collected during 
the Emergency Department visit and corresponded to the situation in which the 
patients was not yet injured.

Lastly, subsequent surgeries due to secondary displacement or a symptomatic 
malunion were recorded. Secondary displacement was defined as loss of reduction 
during plaster treatment resulting in a position of < 15° radial inclination, > 15° of 
dorsal angulation or > 20° of volar angulation, > 3 mm positive ulnar variance or > 
2 mm of articular step-off or gap, which required surgical treatment. Symptomatic 
malunion was defined as union of the fracture in a position with the same 
radiographic measurements as mentioned above, causing notable pain or disability. 
These patients were treated with a corrective osteotomy. Patients undergoing sub 
sequent surgery due to secondary displacement or a symptomatic malunion were 
included if the operation was performed within one year following the initial trauma.
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Statistical analysis

Data were analysed using SPSS, version 22.0 (Chicago, Illinois, USA). Descriptive 
analysis was performed to compare baseline characteristics. For continuous 
data, medians and interquartile ranges (nonparametric data) were calculated. 
Normality was determined by using the Shapiro-Wilk test (if p>0.05 data was 
normally distributed) and, in addition, a visual check was performed by plotting 
the data distribution in a histogram.
Categorical data were tested with a Chi-square test or a Fischer Exact test (when 
the expected count was less than 5). Differences between continuous data were 
tested with a Mann-Whitney U test (not-normally distributed).

To analyse possible significant predictors for subsequent surgery, variables with 
p<0.10 in univariate analysis were entered into multivariable analysis using binary 
logistic regression. Missing repeated measurements data for DASH scores were 
imputed using median imputation for missing pre-trauma DASH scores and last 
observation carried forward (LOCF), first observation carried back ward (FOCB) 
and interpolation for missing DASH scores at three, six and 12 months.

RESULTS

A total of 116 adult patients were included. The median age at trauma was 62 
years (IQR 50–71) and 79% of the patients were female. Of all patients, 39% 
experienced a trauma of the dominant hand. There were 49% AO/OTA type A, 
4% AO/OTA type B and 47% AO/OTA type C fractures. Sixty-three patients had 
a concomitant fracture of the ulnar styloid process and five patients had a 
concomitant distal ulna fracture (Table 1). The median pre-trauma DASH score 
was zero (IQR 0–0). DASH scores at three months after trauma were the highest 
and afterwards decreased. The median DASH score at 12 months was 15 (IQR 
5.8–28) (Table 2). Missing DASH scores ranged from 14.7% pre-trauma to 50.9% 
at 12 months.

Fifty-two patients had secondary displacement or a malunion (45%), of which 
46 (40%) patients underwent subsequent surgery; 31 patients (67%) due to 
secondary displacement and 15 patients (33%) due to a symptomatic malunion. 
Six patients had an asymptomatic malunion and did not receive secondary surgery 
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Table 1.  Baseline demographics

Total 
N = 116

Non-operative 
treatment 

N = 70

Subsequent 
surgery 
N = 46

p-value

Median age (years (IQR)) 62 (50-71) 64 (56.8-73) 58.5 (45.8-64) 0.004
Female patients (%) 92 (79.3) 59 (84.3) 33 (71.7) 0.103
Injury to dominant side (%) 44 (39.3) 28 (41.2) 16 (36.4) 0.611
AO/OTA classification (%)

Type A 57 (49.1) 36 (51.4) 21 (45.7)
0.052Type B 4 (3.5) 0 (0) 4 (8.7)

Type C 55 (47.4) 34 (48.6) 21 (45.7)
Fracture of ulna (%)

None 48 (41.4) 32 (45.7) 16 (34.8)
0.333Ulnar styloid process 63 (54.3) 34 (48.6) 29 (63)

Distal ulna 5 (4.3) 4 (5.7) 1 (2.2)

Values presented in bold are statistically significant. N: number; IQR: inter quartile range

Table 2.  Median DASH-scores during follow-up

Total Non-operative 
treatment

Subsequent surgery p-value

Pre-trauma (IQR) 0 (0-0) 0 (0-0) 0 (0-6.5) 0.360
3 months (IQR) 28.5 (16-48) 28 (16.8-46.5) 29.5 (15-49.5) 0.815
6 months (IQR) 18.5 (8.8-34.3) 18 (8-28.5) 23 (9-43.8) 0.474
12 months (IQR) 15 (5.8-28) 15.5 (5-25) 15 (6.5-39.5) 0.388

Values presented in bold are statistically significant. IQR: inter quartile range

(Figure 1). In 22 patients, the secondary displacement was treated with a volar 
locking plate (71%). The other nine patients were treated by a dorsal approach. 
All of the patients with secondary displacement were operatively treated within 
one month after the initial trauma, at an average of 2 weeks. The patients with a 
malunion were mostly treated with a dorsal locking plate (80%). In 20%, a volar 
locking plate was applied. The median time after trauma at which a corrective 
osteotomy for a symptomatic malunion was performed was 20 weeks (IQR 7 to 
33 weeks). In 5% of these patients, plate removal was performed subsequently.
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Non-operative treatment versus subsequent surgery

No significant differences in baseline characteristics were found between non-
operatively treated patients and patients who underwent subsequent surgery, 
expect for age at trauma (P = 0.004) (Table 1). The multivariable analysis 
identified age as a significant predictor for subsequent surgery (OR 0.961; 95% CI 
0.9340.988; P = 0.005). Younger patients were more likely to undergo subsequent 
surgery compared to older patients.

After three (P = 0.815), six (P = 0.474) and 12 (P = 0.388) months, no significant 
difference in DASH scores between the two groups were found (Figure 2). 
Moreover, the change in pre-trauma DASH scores and DASH scores after 12 
months was not significantly different (P = 0.941).

From the 46 patients who underwent subsequent surgery, patients with a 
symptomatic malunion had significantly higher DASH scores at three (median 
DASH score secondary displacement 24, symptomatic malunion 43) (P = 0.033), 
six (median DASH score secondary displacement 15, symptomatic malunion 43) 
(P = 0.011) and 12 (median DASH score secondary displacement 11, symptomatic 
malunion 43) (P = 0.005) months compared to patients with secondary 
displacement (Figure 3).

Figure 1.  Flow diagram treatment of study subjects
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Figure 2.  DASH-scores during follow-up: non-operative treatment versus subsequent 
surgery

Figure 3. DASH-scores during follow up: secondary displacement versus symptomatic 
malunion
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DISCUSSION

There is no consensus whether patients with initially displaced distal radius 
fractures treated with adequate closed reduction should receive non-operative or 
operative treatment. Since guide lines still recommend non-operative treatment 
in these patients, the purpose of this study was to evaluate functional outcomes 
in non-operative treated patients with displaced distal radius fractures with an 
adequate closed reduction confirmed on radiograph.

Non-operative treatment of patients with displaced distal radius fractures with an 
adequate closed reduction confirmed on radio graph leads to acceptable functional 
outcomes after 12 months, measured with the DASH score. However, non-operative 
treatment correspondingly leads to a high percentage of subsequent surgery (40%). 
Nevertheless, we found no significant differences in DASH scores after 12 months 
between patients treated non-operatively and patients that received subsequent 
surgery due to secondary displacement or symptomatic malunion. From the patients 
who underwent subsequent surgery, patients with a symptomatic malunion had 
significant higher DASH scores at three, six and 12 months, compared to patients 
who underwent surgery because of secondary displacement.
During the 12month follow-up, we found that DASH scores were the highest three 
months after trauma and afterwards decreased. This development in DASH scores 
is supported by the literature.5-7 The DASH score in the group that underwent sub 
sequent surgery was higher until six months follow-up compared to the group that 
was treated non-operatively, however the difference was not significantly different 
during the entire follow-up. Similar DASH scores at three, six and 12 months for 
non-operatively treated patients with an initially displaced distal radius fracture 
have been reported.5-7

Patients with a symptomatic malunion had significant higher DASH scores 
during the entire follow-up compared to patients with secondary displacement. 
This difference could be caused since patients with a symptomatic malunion 
were treated on a median of 20 weeks following trauma and patients with a 
secondary dis placement were all operatively treated within one month after the 
initial trauma. Good to satisfactory results have been reported after corrective 
osteotomy of distal radius malunion.20-22 However, these studies focused on the 
long-term functional outcomes, while the last follow-up moment in our study was 
at 12 months after the initial trauma. Consequently, this could indeed introduce 
bias, since we measured at a different postoperative follow-up time.
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The age at trauma was significantly different between the two groups and a 
younger age was also a significant predictor for subsequent surgery. This is in 
contrast with the literature, where an increase in secondary displacement is 
associated with an increase in patient age and therefore the development of a 
malunion.8,10 However, we only included the patients with symptomatic malunions, 
thus the patients with malunions with functional impairments or severe pain who 
would benefit from a corrective osteotomy. It is known that in elderly patients an 
inadequate radiographic reduction seems not to correlate with dis ability.23,24 So, 
where elderly patients have a malunion which is asymptomatic, younger patients 
could have a malunion which is symptomatic due the higher functional demands. 
This could be the fact for our study, in which six patients with a mean age of 75 
years had an asymptomatic malunion, and we did not analyse those patients in 
this study.

This study has some limitations. First, because this was a retrospective study, 
we had missing data. DASH scores were not complete during the entire follow-
up. This was especially the case at 12 months follow-up. The missing data could 
be explained by patients not completing the entire follow-up because they had 
no complaints and considered the outpatient visit unnecessary. This would 
have given an overestimation of the DASH score at 12 months. However, data 
could also be missing because patients with a lot of complaints have gone 
to other hospitals. This would instead have given an underestimation of the 
DASH score at 12 months. Therefore, we chose to impute the missing data 
by using a missing data method for repeated measurements. Additionally, 
due to the retrospective character there could be bias in the decision to 
operate on patients with secondary displacement or a symptomatic malunion. 
Second, the pre-trauma DASH score was collected at the Emergency Department 
when the patient was already injured. This could have given an underestimation of 
pre-trauma DASH score and may explain why the median pre-trauma DASH scores 
was zero, while we know that the DASH score in the normative population is ten.25 
Lastly, more aspects should be kept in mind in the decision making process. For 
example, no information was available on the occupation of the patient and 
the preference of the patient and surgeon. It is unknown how this could have 
influenced the decision making for subsequent surgery.

Although non-operative treatment of displaced distal radius fractures after 
adequate closed reduction confirmed on radio graph leads to acceptable functional 
outcomes after 12 months, 40% of these patients undergo subsequent surgery. 
Although several authors proposed predictors for loss of reduction, we are still 
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not able to predict which fractures are going to secondary displace and should 
therefore be treated primarily operatively.8,16 The ideal treatment should result 
in eventual healing with proper alignment, no secondary displacement leading to 
subsequent surgery and the best functional outcomes. Moreover, no subsequent 
surgery means a faster recovery that could help people of working age to return to 
their job earlier and thereby reducing indirect costs. And for the elderly patients, 
reducing the length of independency gives them a higher change to return to 
their pre-injury level of functioning.26 Currently two prospective randomised 
trials, which are determining the functional outcomes of non-operative treatment 
compared to ORIF for displaced extra-articular (VIPER trial)27 and intra-articular 
(VIPAR trial)28 distal radius fractures, are recruiting patients. These trials could 
help solve the lack of consensus on displaced distal radius fracture management 
in the future.
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ABSTRACT

Background: Of all distal radius fractures, 25% are complete articular fractures 
(AO/OTA type C fractures). Two thirds of those fractures are displaced and require 
reduction. According to several International Guidelines, adequately reduced 
intra-articular distal radius fractures are best treated non-operatively with plaster 
immobilisation, while surgical fixation is suggested only when the articular step 
exceeds 2 mm after reduction. However, these recommendations are based on 
studies that did not differentiate between intra- and extra-articular distal radius 
fractures. Thus, no clear consensus about the best treatment for patients with 
displaced intra-articular distal radius fractures can be reached. Despite the lack of 
evidence, an increase in internal fixation of intra-articular distal radius fractures 
has been observed over the last decade. The aim of this study is to determine 
the difference in functional outcome following open reduction and plate fixation 
compared with non-operative treatment with closed reduction and plaster 
immobilisation in patients with a displaced intra-articular distal radius fracture.

Methods/Design: This multicentre randomised controlled trial will randomise 
between open reduction and internal plate fixation (intervention group) and 
closed reduction and plaster immobilisation (control group). All consecutive 
adult patients from 18 to 65 years with a displaced intra-articular distal radius 
fracture (AO/OTA type C), which has been adequately reduced at the Emergency 
Department according to the Dutch National Guidelines, are eligible for inclusion 
in this study. The primary outcome is function and pain of the wrist assessed with 
the Patient-Rated Wrist Evaluation score (PRWE). Secondary outcomes are the 
Disability of the Arm, Shoulder and Hand score (DASH), pain, quality of life (SF-36), 
range of motion, grip strength, radiological parameters, complications, crossovers 
and cost-effectiveness of both treatments. A total of 90 patients will be included 
in this study.

Discussion: Although displaced intra-articular distal radius fractures are common, 
there is still no evidence on the optimal treatment for these fractures in patients 
aged 18 to 65 years. Therefore, we aim to determine the difference in functional 
outcome between open reduction and plate fixation and closed reduction and 
plaster immobilisation.
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BACKGROUND

Distal radius fractures are the most common fractures in the adult population.1 
Recently, Bentohami et al. and Mellstrand-Navarro et al. found an overall incidence 
of distal radius fractures of respectively 24 and 32 per 10.000 persons each year.2,3 
Two-thirds of these fractures are displaced and require reduction.4.  Of all distal 
radius fractures, 25% are complete articular fractures (AO/OTA type C fractures).2,5

According to the Dutch National Guidelines, displaced intra-articular distal radius 
fractures, following adequate reduction confirmed on X-ray, are best treated non-
operatively with plaster immobilisation.6 Moreover, the American Academy of 
Orthopaedic Surgeons (AAOS) Clinical Practice Guideline only suggests surgical 
treatment when the articular step, after reduction, exceeds 2 mm.7 However, 
these recommendations are based on studies that did not differentiate between 
intra- and extra-articular distal radius fractures. Therefore, no clear consensus 
about the best treatment for displaced distal radius fractures exists. For the 
displaced extra-articular fractures (AO/OTA type A2 and A3) we already initiated 
the VIPER trial.8 However, there is still no evidence on the optimal treatment of 
the displaced intra-articular fractures.
Despite the lack of evidence, an increase of open reduction and internal fixation 
(ORIF) of intra-articular distal radius fractures has been observed over the last 
decade.9-11 Both Koval et al. and Matilla et al. described doubling of ORIF over a 10 
year period, respectively from 23.9 surgical operations per 100.000 persons each 
year to 47.2 per 100.000 persons each year. Especially an increase in the use of 
volar plating has been observed.9,10,12

The goal of open reduction and plate fixation is to restore articular congruity 
and axial alignment to prevent post-traumatic osteoarthritis. Additionally, open 
reduction and plate fixation allows for early mobilisation and may theoretically 
lead to a more rapid recovery and better functional outcome.13,14 Especially in the 
young and working population, but also in the elderly patients, this could be an 
advantage. Moreover, redisplacement rates up to almost 60% are encountered in 
patients treated with closed reduction and plaster immobilisation, especially in 
those with type C fractures.15-19 However, with nonsurgical treatment the standard 
risks for undergoing a surgical procedure and the risk of hardware removal, 
tendon rupture and neurovascular damage are avoided. Moreover, we know 
that especially patients over 65 years of age have a lower disutility for painful 
malunion.20 Though, plaster immobilisation is not without risks either. Pressure 
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neuropathy of the superficial radial nerve, Complex Regional Pain Syndrome and 
stiffness of the wrist can occur.

In a recent randomised controlled trial, Bartl et al. compared ORIF with a volar 
locking plate with closed reduction and plaster immobilisation.21 They included 
149 patients of 65 years and older with a complete articular distal radius fracture 
(AO/OTA type C). Of all patients who were assigned to plaster treatment, 41% 
was reassigned to secondary surgical fixation due to loss of reduction within 2 
weeks after the initial treatment. The operative group had better range of motion 
and radiographic results after 3 months, however this was not accompanied by 
significantly better DASH and SF-36 scores. After 1 year no significant differences 
between both treatment arms were observed. Nevertheless, this study was 
terminated prematurely because the recruitment rate was much lower than 
projected. Moreover, Bartl et al. focussed on the elderly patients, so no conclusion 
can be drawn from this study for patients aged younger than 65.

To our knowledge, no randomised studies have been conducted to assess whether 
operative treatment with plate fixation is superior to non-operative treatment in 
patients with displaced complete articular distal radius fractures (AO/OTA type C) 
in patients from 18 to 75 years. In addition, the most up-to-date relevant Cochrane 
Review from 2003 states: “There is need for good quality evidence for the surgical 
management of these fractures”.22 Therefore, with this randomised controlled 
trial we aim to determine the difference in functional outcome following open 
reduction and plate fixation compared with non-operative treatment with closed 
reduction and plaster immobilisation after one year of follow up.

METHODS/DESIGN

Study objectives

The primary objective is to evaluate the functional outcome of open reduction and 
internal plate fixation, compared with closed reduction and plaster immobilisation 
of displaced complete articular (AO/OTA type C) distal radius fractures in adult 
patients aged 18 to 75 years. The secondary objectives are to assess which 
treatment leads to less pain, a better range of motion and grip strength and less 
complications. Cost-effectiveness for both treatments is also evaluated.
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Study design

The VIPAR (Internal Plate Fixation versus Plaster in Complete Articular Distal Radius 
Fractures) trial is designed as a multicentre randomised controlled trial that will 
randomise between open reduction and internal plate fixation (intervention 
group) and closed reduction and plaster immobilisation (control group). Patients 
will be recruited in 15 Dutch hospitals.

Study population

The study population will consist of all adult patients aged 18 to 75 years with 
a complete articular distal radius fracture (AO/OTA type C), diagnosed by an 
independent radiologist and classified based on radiography according to the 
AO/OTA classification of fractures. If radiography results do not provide sufficient 
information for an unambiguous classification, additional Computed Tomography 
(CT) of the wrist will be performed according to normal practice. Acceptable closed 
reduction has to be obtained immediately after presentation at the Emergency 
Department of one of the participating hospitals.

Inclusion criteria

 ▪ Patients aged 18 to 75 years
 ▪ Complete articular (AO/OTA type C) displaced distal radius fracture
 ▪ Acceptable closed reduction on X-ray obtained immediately after admission to 

the Emergency Department (<12 h) defined, according to the Dutch National 
Guidelines [6], as:
 - Radial inclination ≥15°
 - Radial height (RH, also known as radial length) = distance between lateral 

most radial tip and ulnar surface: >5 mm, positive height shown
 - Volar angulation <20° or dorsal angulation <15°
 - Articular step-off or gap <2 mm. A step-off is defined as the loss of articular 

congruity of the distal radius perpendicular to the articular surface and 
parallel to the articular surface and a gap parallel to the articular surface23
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Exclusion criteria

 ▪ Open fracture of the distal radius
 ▪ Multiple trauma patients (Injury Severity Score (ISS)≥16)
 ▪ Other fractures of the injured extremity (except for a fracture of the ulnar 

styloid process)
 ▪ Fracture of the contralateral wrist (distal radius, distal ulna or one of the carpal 

bones)
 ▪ Patients with impaired wrist function prior to injury due to arthrosis, 

rheumatoid arthritis, neurological disorders or malunion of the upper limb
 ▪ Patient suffering from disorders of bone metabolism other than osteoporosis 

(i.e. Paget’s disease, renal osteodystrophy, osteomalacia) or connective tissue 
disease or (joint) hyperflexibility disorders such as Marfan’s or Ehler Danlos

 ▪ Patients with insufficient understanding of the Dutch language to understand 
the study information and informed consent forms, the rehabilitation.

Interventions

After presentation to the Emergency Department, all patients will be treated with 
closed reduction and plaster immobilisation. Closed reduction will preferably be 
performed according to the Robert-Jones method under local anaesthesia by 
means of a haematoma block with 20cc Lidocaine 1%.24 First continuous traction 
will be applied. Afterwards the deformity will be manually reduced and the wrist 
and hand will be immobilised in the reduced position. To verify the success of 
reduction, additional radiographs will be performed (see inclusion criteria). After 
adequate reduction has been confirmed, the wrist will be immobilised initially in 
a below-the-elbow single-cut plaster of paris, according to the Dutch guidelines.6 
After informed consent has been obtained, patients will be randomised either into 
the intervention group (ORIF) or into the control group (plaster immobilisation). 

The control group will continue with plaster immobilisation. After approximately 
one week the single-cut plaster will be changed into a circular forearm plaster 
for five weeks immobilisation in total, according to the Dutch guidelines.6 
During plaster immobilisation advice and instructions on moving the uninvolved 
joints will be given. This includes flexion of the elbow and movement of the 
metacarpophalangeal (MCP) joints, the proximal interphalangeal (PIP) joints and 
the distal interphalangeal (DIP) joints. Additionally patients will be instructed to 
keep the arm high, preferably in a sling.
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The intervention group will be treated with open reduction and locking plate 
fixation. All fractures will be fixed internally with a volar locking plate. This 
method employs a volar approach to the distal radius, according to Henry.25 
This approach implies an incision between the tendon of the flexor carpi radialis 
muscle and the radial artery. The advantages of the volar approach are the 
possibility of an uncomplicated extension of the distal part of the forearm and 
an optimal cover of the plate by soft tissue.26 Furthermore, using this technique, 
the median nerve is not at risk. Additionally, fixation with a volar locking plate can 
be supported by a dorsal plate or radial column plate. This will be at discretion 
of the surgeon and depends on the fracture configuration and the position of 
the fragments. The same applies to the type and brand of the locking plate. 
Fracture reduction and screw placement will be fluoroscopically confirmed. 
The surgery will be performed by a certified (orthopaedic) trauma surgeon. 
According to the current standard treatment protocol, antibiotic prophylaxis 
(Cefazoline, 1000 milligram intravenously) will be administered thirty minutes 
preoperatively.27 Wound closure will be performed using standard techniques and 
will be at discretion of the surgeon. Wound inspection will be performed during 
the first follow-up visit at one week. Patients receive a pressure bandage for 24 
hours, after which they are instructed to use the affected extremity as pain allows. 
However, the first 6 weeks only non-weight bearing practice is allowed.

After treatment, for both the intervention and the control group, the same advice 
and instructions on moving the wrist after the treatment will be given, including 
instructions on practicing deviation, flexion and pronation and supination of 
the wrist. The choice for rehabilitation with help of a physiotherapist, will be at 
discretion of the patient.

Outcomes

The primary outcome of this study is wrist pain and function expressed on the 
Patient-Rated Wrist Evaluation Score (PRWE) at one year follow-up. The PRWE is 
a validated questionnaire for assessing functional outcome and pain in patients 
with distal radius fractures.28 In 1998 MacDermid et al. were the first to describe 
this score.29 The PRWE consists of a 15-item questionnaire designed to measure 
two dimensions: wrist pain (n = 5 items) and function in activities of daily living 
(n = 10 items). Patients rate their levels of wrist pain and disability from 0 to 10 
on two subscales: pain and function. The highest score on the subscale pain is 50, 
indicating worst pain, and the lowest score is zero, indicating no pain. The function 
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ORIF 
N = 45

Plaster 
N = 45

Follow-up after 1 week:
VAS, X-ray

Follow-up after 2/3 weeks:
VAS, X-ray

Follow-up after 5/6 weeks:
VAS, X-ray, ROM, grip strength, 

questionnaires

Follow-up after 3 months:
VAS, X-ray, ROM, grip strength, 

questionnaires

Follow-up after 6 months:
VAS, X-ray, ROM, grip strength, 

questionnaires

Follow-up after 1 year:
VAS, X-ray, ROM, grip strength, 

questionnaires

Randomisation

12

score is the sum of the 10 items, divided by two. The total highest score is 100, 
indicating worst pain and severe impairment. The PRWE is the recommended 
questionnaire because it efficiently provides relevant data on pain and functional 
recovery in the affected wrist.30

Figure 1. Follow-up visits
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Secondary outcomes include:

 ▪ Wrist function, pain and disability as measured with the DASH score. The DASH 
score is measured in two components: the disability section (23 questions, 
scale 1-5) and the symptom section (7 questions, scale 1-5). The DASH 
questionnaire tests disability when performing a variety of activities in the 
past week because of arm, shoulder, or hand problems. Additionally, the DASH 
enquires about the severity of pain and tingling of the arm, shoulder or hand, 
as well as the effect of the upper limb injury on social activities, work, and 
sleep. The total score is calculated by a summation of the different scores on 
the two components, divided by the amount of questions, minus one. This 
amount is multiplied with 25. The highest total score is 100, indicating severe 
disability, and the lowest score is 0, indicating no disability. The DASH score is 
designed and validated to measure function and disability in patients with a 
distal radius fracture.5,30,31

 ▪ Quality of Life evaluated using the Short Form 36 (SF-36®) questionnaire. 
The SF-36 is a validated multipurpose, health questionnaire. The SF-36 
consists of 36 questions representing eight different health domains.32 These 
domains are divided into functional health and well-being scores, as well as 
psychometrically-based physical and mental health summary measures and a 
preference-based health utility index. From each domain, scores range from 0 
to 100, with lower scores indicating poorer quality of life.

 ▪ Pain as indicated on a Visual Analogue Scale (VAS). On the VAS 0 implies no 
pain and 10 the worst possible pain. Patients will also be asked to give an 
estimation of the pain medication and the dosage taken during all follow-up 
visits (Figure 1).

 ▪ Range of motion (ROM) of the wrist measured with a handheld goniometer 
of both the injured as the healthy wrist. ROM measurements will start in both 
groups at the third follow-up (at 5/6 weeks) (Figure 1). In the control group, 
this will be the moment the plaster immobilisation ends. ROM measurements 
include pronation and supination, ulnar and radial deviation and palmar and 
dorsal flexion of the wrist.

 ▪ Grip strength, which will be measured on both sides with a Baseline 
dynamometer as the mean of three measurements. The difference in grip 
strength will be calculated as a percentage of the uninjured side. Grip strength 
measurements will start in both groups at the third follow-up (at 5/6 weeks) 
(Figure 1).

 ▪ Radiographic parameters, such as radial inclination, radial length, volar or 
dorsal tilt and articular step-off and/or gap. This will be measured digitally in 
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the Picture Archiving and Communication System (PACS) of the participating 
hospital on standard radiographs of the wrist. Radiographs will be obtained 
according to standardised procedures in three directions; posterior-anterior 
(PA), lateral carporadial and lateral. Radiographs will be performed at all 
follow-up visits.

 ▪ Number of crossovers. Crossovers include all patients who were randomised 
to treatment with plaster immobilisation (control group), but who require 
operative treatment due to loss of reduction during the first six weeks. Loss of 
reduction is defined as any displacement that no longer meets the previously 
mentioned inclusion criteria for acceptable reduction.

 ▪ The occurrence of complications, such as complaints in plaster, loss of reduction, 
superficial infection of the wound or deep infection of the plate, compartment 
syndrome, complex regional pain syndrome (CRPS) type 1 according to the 
Veldman33 and the Budapest criteria34,35, tendinitis or rupture of the tendon, 
non-union, malunion, carpal tunnel syndrome and osteosynthesis material-
related complications will be recorded.

 ▪ Cost-effectiveness and cost-utility measured with an economic evaluation 
questionnaire based on the EQ-6D and the Standard Form Health and Labour 
questionnaire. The aim of this economic analysis is to evaluate and compare 
the cost-effectiveness and cost-utility of closed reduction followed by plaster 
immobilisation and ORIF with a plate from a societal perspective. The SF-6D 
will be used to express the effect of quality of life in Quality Adjusted Life Years 
(QALY). Since this analysis is from a societal perspective, direct health care 
costs, direct non-healthcare costs and indirect costs due to a distal radius 
fracture will be considered. Direct health care costs include treatment, follow 
up visits to medical specialist, any additional visits to general practitioner or 
other health care professionals, prescribed medication, professional home 
care and treatment of possible complications (Table 1). Direct non-healthcare 
costs include travel expenses to and from the hospital, over-the-counter 
medication, care provided by family or paid help and assistive devices. 
Indirect costs originating from loss of production or hours of inactivity due to 
immobilisation, pain or decreased function of the wrist will be included as well. 
These will be estimated using the Friction-Cost method that limits productivity 
loss to the friction period. This friction period is the period to recruit and train 
a replacement for the sick employee.36-38 The Human Capital Approach, which 
is based on the total expected loss of production for an individual worker38, 
will also be used to estimate costs. Compared with the Friction-Cost method, 
the Human Capital Approach will often overestimate costs from a societal 
perspective, especially in the long-term.37,39
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Data regarding the use of health care resources will be assessed using four 
economic evaluation questionnaires (cost diaries) which patients will be asked to 
fill out during the trial at six weeks and three, six and twelve months.40 The costs 
of direct health care related costs will be estimated by means of Dutch guidelines 
(DOT system).

Table 1.  Cost included in the economic evaluation

Direct health care costs
Closed reduction and plaster immobilisation
Open reduction and internal fixation
Follow-up visits medical specialist
Additional visits to health care professional
Prescribed medication
Professional home care 
Treatment and follow up of complications
Physical therapy

Direct non-health care costs
Travel expenses to and from the hospital
Over the counter medication
Care provided by family or paid help 
Assistive devices

Indirect costs
Absenteeism from paid labour (per day)

Randomisation

All patients diagnosed with a displaced complete articular AO/OTA type C distal 
radius fracture will be invited to participate in this study. Patients will be approached 
by the investigators to participate in this study after adequate reduction of the 
fracture has been obtained. Patients will receive a patient information sheet with 
both the contact information of the coordinating investigator and the independent 
expert. Possible participants will have till the first outpatient appointment to 
decide to participate or not. This first outpatient appointment will be about 7 
days after the initial trauma. If a patient decides to participate, oral and written 
informed consent will be obtained. Possible participants can be approached and 
included in this study up to the first outpatient visit. After obtaining informed 
consent, patients will be randomised into either the intervention group (open 
reduction and plate fixation) or the control group (closed reduction and plaster 
immobilisation). In order to avoid any potential imbalances between the two 

239 

Plate fixation versus plaster in displaced complete articular distal radius fractures



12

treatment groups, patients will be randomised in three strata according to age: 18 
to 40, 41 to 65, and 66 to 75 years.

To ensure concealment of allocation, randomisation will be performed by means 
of a mixed block, computerised randomisation. The distribution and order of the 
block sizes are unknown to the researchers, who therefore remain blinded to 
the allocation of the next subject throughout the whole study. Surgery will be 
performed within two weeks after randomisation. All the participating centres 
can perform the randomisation on the study website (www.viparstudie.nl), where 
each centre has his own personal username and password. After randomisation 
the allocation is shown on the website.

Blinding

Randomisation status will not be blinded since the assigned treatment involves a 
surgical procedure. 

Sample size calculation and data analysis

The sample size calculation is based on our primary endpoint, the PRWE score. 
The mean PRWE score after open reduction and volar locking plate fixation after 
one year of follow-up in patients aged over 18 years with a dorsally displaced distal 
radius fracture is 15 with a standard deviation of 17.41 This figure was measured 
in a patient population in which 33% suffered from a displaced complete articular 
distal radius fracture (AO/ OTA type C fracture). The same mean and standard 
deviation were found in a study of MacDermid et al.42

The minimal clinical important difference (MCID) is the minimal change in score 
that is considered as meaningful to patients.30 The MCID of the PRWE score is 14 
points according to Sorensen et al.43 Thus, to demonstrate a difference that is 
clinically relevant, we need to power on a difference of 14 points. Any difference 
smaller than this is not clinically relevant.
Therefore at α = 0.05 and a power of 90%, we would require 64 patients in total 
and 32 per treatment arm. For safety measures, to correct for deaths and with an 
expected lost to follow-up of 10%, 90 patients (45 patients in each arm) will be 
included. From a separate study being conducted by our research group at two 
teaching hospitals, it was found that of the 494 distal radius fractures encountered 
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in one year, 126 (25%) were an AO/OTA type C.2 Therefore we estimate to require 
a maximum of 2 years to include and follow-up the patients in this trial.

All patients will be analysed according to the results of the randomisation 
(intention-to-treat). Patient characteristics at baseline, such as gender and age, 
will be described by general descriptive statistics. Differences in the primary 
outcome (PRWE at one year) between the two groups will be analysed using 
the Unpaired T-test (if normally distributed) or the Mann–Whitney U test (if not 
normally distributed). Trends in PRWE scores among the different time points 
will be assessed using multiple linear regression. The secondary outcomes; 
DASH scores, quality of life (SF-36), pain (as indicated on a Visual Analogue Scale 
(VAS)), range of motion (ROM) and grip strength will be analysed in a similar 
manner. Differences between the two treatment groups in radiological outcomes, 
crossovers and complication rates will be analysed using the Chi-square test or the 
Fischer’s Exact test (in case the expected incidence was less than five). Subgroup 
analyses will be performed on gender and age (18 to 40 years, 41 to 65 years, and 
66 to 75 years) for all outcomes.

Ethics

This study will be conducted according to the principles of the Declaration of 
Helsinki version 64, October 2013 and in accordance with the Medical Research 
Involving Human Subjects Act (WMO) and ‘Good Clinical Practice’ guidelines.

Data will be stored in two separate files. One data set will contain coded patient 
information and a second set medical history linked to these codes. The key to the 
code will be safeguarded by the coordinating investigator. Data will be stored and 
kept for fifteen years according standard guidelines.

The Medical Ethical Review Committee of the Academic Medical Center in 
Amsterdam has approved the protocol on January 20, 2015. The board of directors 
of 14 Dutch participating centres approved for local feasibility. The participating 
centres are listed in appendix 1. Prior to start, the trial has been registered at 
ClinicalTrials.gov (NCT02651779).
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DISCUSSION

Since the treatment allocation involves a surgical procedure, randomisation status 
will not be blinded. Our research group discussed the idea to let the researcher, 
who is assessing the outcomes at one year, be unaware of the treatment allocation. 
However, this is practically not possible since all follow-up visits are realised by 
one or two researchers. At final follow-up, these researchers will have assessed 
the participants multiple times in the past year and will therefore be aware of 
their treatment allocation. Although this arrangement makes blinding impossible, 
the continuity of the observer is one of the strengths of this study and this will 
minimise intra-observer variation in the outcome measurements.

Additionally, for the measurement of the radiographic parameters we used the 
PACS of the participating hospitals. Although PACS is good to measure angles 
(inclination and dorsal or volar angulation) and the inter and intra-observer 
reliability are substantial and moderate respectively44, the linear measurement 
(radial length and gap or step-off) in PACS is less exact.

Lastly, due to the fact that patients will be analysed according to the intention-
to-treat principle, possible crossovers will be analysed in the group they were 
allocated to.

Conclusion

Although displaced intra-articular distal radius fractures are common, there is still 
no evidence on the optimal treatment for these fractures in patients aged 18 to 75 
years. With this randomised controlled trial, we aim to determine the difference 
in functional outcome following open reduction and plate fixation compared with 
non-operative treatment with closed reduction and plaster immobilisation.
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Appendix 1. List of participating centres

Academic Medical Center, Amsterdam

Maasstad Hospital, Rotterdam

Westfriesgasthuis, Hoorn

Radboud University Medical Center, Nijmegen

Diakonessenhuis, Utrecht

Groene Hart Hospital, Gouda

Maxima Medical Center, Veldhoven

BovenIJ Hospital, Amsterdam

Reinier de Graaf Gasthuis, Delft

Hospital Amstelland, Amstelveen

Catharina Hospital, Eindhoven

Onze Lieve Vrouwe Gasthuis, Amsterdam

Alrijne hospital, Leiderdorp

Flevoziekenhuis, Almere

Hospital Rivierenland, Tiel
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ABSTRACT

Importance: Currently, it is still undecided if adults with displaced extra-articular 
distal radius fractures should be treated operatively or non-operatively.

Objective: To compare open reduction and volar plate fixation versus closed 
reduction and plaster immobilisation in adults with an acceptable reduced extra-
articular distal radius fracture.

Design: Multicentre randomised controlled trial comparing open reduction and 
volar plate fixation versus plaster immobilisation (VIPER study). Recruitment of 
patients from January 2013 to March 2016. Follow-up was conducted at 6 weeks, 
and 3, 6, and 12 months, and final follow-up was on February 20, 2017.

Setting: Multicentre study, conducted in 14 hospitals in the Netherlands.

Participants: Patients aged 18 to 75 years with an acceptable reduced extra-articular 
distal radius fracture. From 3679 eligible patients, 3389 did not meet the inclusion 
criteria and 198 patients declined to participate or did not give or were not asked 
for informed consent. A 96% complete follow-up was achieved at 12 months.

Interventions: Upon acceptable closed reduction, patients were randomised 
to volar plate fixation (n=47) or plaster immobilisation (n=43). Open reduction 
and volar plate fixation was carried by a certified orthopaedic trauma surgeon. 
In patients randomised to non-operative treatment, patients were treated with a 
circular plaster of Paris for six weeks. 

Main Outcomes and Measures: The primary outcome was functional outcome 
measured with the Disability of the Arm, Shoulder and Hand (DASH) questionnaire 
after 12 months. Secondary outcomes were functional outcome measured with 
the Patient-Rated Wrist Evaluation (PRWE) questionnaire, quality of life (Short 
Form 36 (SF-36) questionnaire), range of motion, grip strength, pain indicated 
on a Visual Analogue Scale (VAS), radiographic parameters, and complications. 
Analysis followed the intention-to-treat principle. 

Results: Among 90 randomised patients (median [IQR] age, 59 [45.8 – 65.3] years; 
67 (74%) female), 86 (96%) completed the 12 months follow-up. At 12 months, 
functional outcome was significantly better in the operative group (DASH score: 
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2.5 [0.0 – 12.7] versus 9.2 [1.7 – 17.7]; p=0.02, PRWE score: 4.0 [0.0 – 12.6] versus 
10.0 [3.0–27.0]; p=0.02). The same applied for the physical quality of life (54.4 
[IQR 49.7 – 58.8] versus 46.3 [IQR 41.1 – 54.7]; p<0.001). At 12 months, flexion 
(80⁰ [IQR 70 – 86] versus 70⁰ [IQR 60 – 80]; p=0.02), extension (85⁰ [IQR 80 – 90] 
versus 80⁰ [IQR 70 – 90]; p=0.02), supination (85⁰ [IQR 75 – 90] versus 75⁰ [IQR 70 
– 85]; p=0.005), and grip strength (26kg [IQR 19.3 – 35.3] (93% of uninjured side) 
versus 20kg [IQR 17.3 – 28.7] (83% of uninjured side); p=.02) were significantly 
better in operatively treated patients than in non-operatively treated patients. 
Moreover, VAS pain scores were significantly lower in the operative group up to 3 
months of follow-up (0 [0 – 1] versus 1 [0 – 4]; p<0.001). During the entire follow-
up, operatively treated patients had significant better radiological parameters 
compared to non-operatively treated patients. Twelve (28%) non-operatively 
treated patients had fracture redisplacement within six weeks and underwent 
open reduction and internal fixation, and six patients (14%) had a symptomatic 
malunion for which a corrective osteotomy was performed.

Conclusions and Relevance: Patients from 18 to 75 years with an acceptably 
reduced extra-articular distal radius fracture treated with open reduction and volar 
plate fixation have better functional outcomes after 12 months when compared 
with non-operatively treated patients. Additionally, 42% of non-operatively 
treated patients had subsequent surgery.

Trial registration: Clinicaltrials.gov, identifier: NCT02030496.
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INTRODUCTION

The incidence of distal radius fracture is 20 to 32 per 10000 person-years.1,2 
Almost 50% of these fractures are extra-articular and two-thirds are displaced 
and require reduction.1 Despite the high incidence of displaced distal radius 
fractures there is no unambiguous evidence regarding their optimal treatment. 
According to international guidelines, the recommended treatment for patients 
with acceptably reduced displaced distal radius fractures is non-operative by 
means of plaster immobilisation.3,4 However, this evidence is not convincing as it 
is based on studies including both extra- and intra-articular fractures, which focus 
mainly on elderly patients.5,6 Moreover, up to 60% fracture redisplacement after 
closed reduction has been reported.7-9

In 1814, Abraham Colles was the first to describe the Colles fracture.10 Although 
he stated that unreduced Colles fractures result in a pain-free malunion with 
a perfect range of motion, more recent studies have shown that inadequate 
treatment may result in pain and impaired wrist function.11,12 Moreover, 37% 
subsequent surgery for fracture redisplacement or symptomatic malunion has 
been reported for non-operatively-treated displaced extra-articular distal radius 
fractures.13 This raises concerns about treating these patients non-operatively 
with plaster immobilisation.14-16 Recently, the use of volar plate fixation has gained 
in popularity.17,18 The anatomical reduction and stable fixation achieved by open 
reduction and internal fixation (ORIF), allows for early mobilization and may 
therefore lead to an earlier and improved functional recovery.19

The aim of this randomised controlled trial was to compare the functional 
outcome of open reduction and volar plate fixation with plaster immobilisation in 
adults with an acceptably reduced extra-articular distal radius fracture.

METHODS

Study Design and Eligibility Criteria

The VIPER trial was a multicentre prospective randomised controlled trial, 
conducted at 14 hospitals in the Netherlands from January 2013 to March 2016. 
Institutional approval was obtained from the Ethics Committee and Institutional 
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Review Board, and the boards of directors of all participating centres. All patients 
provided written informed consent before randomisation. The trial objectives, 
methods and interventions have previously been described.20

All patients aged 18 to 75 years with an acceptably reduced extra-articular distal 
radius fracture (AO types A2 and A3), confirmed on radiograph were eligible to 
participate. All fractures were initially reduced at an Emergency Department (ED) 
under hematoma block local anaesthesia, and immobilised with a below elbow 
dorsal splint. Fracture reduction was performed by either a surgical resident or 
an emergency physician. Acceptable reduction was confirmed radiographically 
on lateral and posterior-anterior radiographs by an experienced radiologist, hand 
surgeon or orthopaedic trauma surgeon. Fracture reduction was considered 
acceptable in accordance with Dutch guidelines. This is defined as a radial 
inclination ≥15⁰, loss of radial height ≤5 mm, dorsal angulation ≤15⁰ and palmar 
angulation ≤20⁰.3

Patients with an unacceptable closed reduction were excluded, as were multiple 
trauma patients (Injury Severity Score (ISS) ≥16), patients with open distal radius 
fractures or other fractures of the affected extremity (except for a fracture of the ulnar 
styloid process), patients with impaired wrist function prior to trauma, and patients 
suffering from connective tissue disorders or disorders of bone metabolism other 
than osteoporosis. Lastly, patients judged by the treating physician as being unable 
to understand the study information and informed consent forms, were excluded. 
A log of patients who were screened for eligibility was kept for each participating 
centre.

Randomisation and Blinding

Upon obtaining informed consent and baseline information, patients were 
randomly assigned in a 1:1 ratio to open reduction and volar plate fixation or 
plaster immobilisation. Randomisation was performed by means of a secured 
online computerized randomisation procedure, using mixed block sizes of 2, 4, 
6 and 8. We stratified randomisation according to age into three strata (18 to 
30 years, 31 to 60 and 61 to 75 years). Since the assignment involved a surgical 
procedure, neither participants and treating physicians were blinded to treatment 
allocation.
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Interventions

A detailed description of the interventions has previously been published.20 After 
acceptable closed reduction was confirmed, all participants were initially treated 
with plaster immobilisation comprising the use of a dorsal splint for at least one 
week, in accordance with Dutch guidelines.3 

Patients randomised to volar plate fixation underwent operative treatment within 
two weeks of inclusion. Open reduction and volar plate fixation was carried out 
under either general or regional anaesthesia by a certified orthopaedic trauma 
surgeon or by a surgical resident under the supervision of a certified orthopaedic 
trauma surgeon. The type and brand of the volar plates were at the discretion 
of the operating surgeon. A detailed description of the operative procedure has 
previously been published.20 After the operation, a pressure bandage was applied 
for 24 to 48 hours. 

In patients randomised to non-operative treatment with plaster immobilisation, 
after a minimum of one week the dorsal splint was changed under traction and a 
circular plaster of Paris was applied for another four to five weeks. During plaster 
immobilisation, patients were instructed to move the elbow and finger joints 
and keep the arm elevated for the first few weeks, preferably in a sling. If loss 
of reduction occurred during plaster immobilisation, ORIF was carried out at the 
discretion of the treating physician and the patient.

Identical instructions on moving the wrist were given to both operatively and non-
operatively treated patients. These instructions included flexion and extension of 
the wrist, radial and ulnar deviation, and pronation and supination. Participants 
were also instructed to exercise their fingers or squeeze a ball. Operatively-
treated patients were instructed to use the wrist after the operation as the pain 
allowed, however, for the first six weeks only non-weight bearing exercises were 
allowed. Rehabilitation with a physiotherapist was at the discretion of the patient 
and treating physician.

Data Collection and Outcome Measures

The primary outcome was the Disability of the Arm, Shoulder and Hand (DASH) 
score at 12 months of follow-up. The DASH score ranges from zero to 100, with 
zero indicating no disability.21 

254 

PART IV Chapter 13



13

Secondary outcomes were the functional outcome measured using the Patient-
Rated Wrist Evaluation (PRWE) questionnaire, quality of life measured with the 
Short Form 36 (SF-36) questionnaire, range of motion, grip strength, pain indicated 
on a Visual Analogue Scale (VAS), radiographic parameters, and complications. The 
PRWE score ranges from zero to 100, with zero indicating no pain and functional 
impairment.22 The SF-36 is divided into two subscales; the physical component 
subscale (PCS) and the mental component subscale (MCS). The score ranges from 
zero to 100, with higher scores indicating better state of health.23 Patients completed 
the questionnaires either online before the outpatient clinic appointment or on 
paper at the outpatient clinic before they were seen by their surgeon.
Range of motion included active wrist flexion and extension, radial and ulnar 
deviation, and pronation and supination, and was measured with a hand-held 
goniometer. Grip strength was measured as the mean of three measurements 
taken with a hydraulic hand dynamometer. Both range of motion and grip 
strength on the injured side were compared with the uninjured side and given 
as a percentage. Pain was indicated on a VAS, in which zero indicated no pain 
and 10 the worst possible pain. Besides the pain evaluated using a VAS, at each 
follow-up visit, patients were asked if they had taken pain medication. Clinical 
assessment was performed by an independent examiner, who was not blinded 
to the allocated treatment since the scars on the palmar side of the wrist in the 
operative group could easily be observed.

A complication was defined as any adverse event for which any additional 
treatment was required. Subsequent surgery was defined as either ORIF due to 
fracture redisplacement, or corrective osteotomy due to symptomatic malunion. 
We defined redisplacement of the fracture as loss of alignment resulting in a radial 
inclination <15⁰, loss of radial height >5 mm, dorsal angulation >15⁰ or palmar 
angulation >20⁰. Symptomatic malunion was defined as union of the fracture 
with the same radiographic measurements as mentioned above, associated with 
considerable pain and/or disability.
Standard lateral and posterior-anterior radiographs were taken and evaluated for 
the radiographic parameters radial inclination, radial height, ulnar variance, and 
dorsal and palmar angulation. Evaluation was performed by an examiner other 
than the treating surgeon.

Patients were assessed both clinically and radiographically at the outpatient clinic 
at one week, three and six weeks, and at three, six and 12 months. The six-week 
follow-up appointment was either six weeks after the operation, or when the 
plaster was removed.
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At their final appointment, by means of a yes-or-no question, patients were asked 
if they were satisfied with the treatment they had received and if they would 
undergo the same treatment again.

Statistical Analysis

A sample size calculation based on the DASH score was performed. With an α 
= 0.05%, a sample size of 66 patients was required to provide 90% power to 
detect a difference of 15 points on the DASH score, with a standard deviation of 
18. Since the MCID of the DASH score for patients with distal radius fractures is 
unknown, we considered a difference of 15 points to be clinically relevant. For 
safety measures and to correct for lost to follow-up, a total of 90 patients had to 
be included. Since the trial compared two interventions routinely used in clinical 
practice, an interim analysis was not performed.

The statistical analyses were carried out by the study investigators and independently 
by a clinical epidemiologist not involved in the trial. All analyses were performed 
according to the intention-to-treat principle and included all patients in the groups 
to which they were randomly assigned. 
The distribution of the data was checked for normality by visually inspecting the 
histograms and box plots. Normally distributed data were reported as mean and 
standard deviation (SD), and non-normally distributed data were reported as 
median with interquartile range [IQR]. Categorical data were presented as the 
absolute frequency and the percentage. 
A Mann-Whitney U test was used to compare the continuous non-normally distributed 
baseline characteristic age. A Chi-square test was applied for the analysis of the 
categorical baseline characteristics sex, AO/OTA classification, fracture side, ulnar 
styloid fracture, diabetes mellitus, smoking status, and corticosteroid use. To test for 
differences between the groups in the DASH, PRWE and SF-36 scores at the follow-up 
time points, an analysis of covariance (ANCOVA) corrected for age was performed. 
A linear mixed model was applied to the secondary outcomes range of motion, grip 
strength, VAS pain score and radiological outcomes. The best covariance structure 
for each linear mixed model was determined using the smallest Akaike information 
criterion (AIC). In both the ANCOVA and the linear mixed model, the data were ranked 
by follow-up time point if they were non-normally distributed.24 To verify the normality 
of the ranked data, the histograms of the residuals were visually inspected. All outcome 
measures were corrected for age, as this was a stratification factor in the design of the 
study. In addition, the VAS score was also corrected for the use of painkillers.
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Single imputations were used for the radiological outcomes, applying predictive 
mean matching, and treatment and the other follow-up measurements were used 
as predictors.
Additional post-hoc subgroup analyses were performed whereby the possible 
effect on the DASH, the PRWE and SF-36 scores of those patients treated 
operatively were compared with patients initially treated non-operatively but who 
underwent subsequent surgery. The same applied to patients treated operatively 
and patients treated non-operatively without subsequent surgery. 
To evaluate potential selection bias, the baseline characteristics (age, sex, fracture 
characteristics and treatment) of patients eligible for inclusion but who did 
not give or were not asked for informed consent were compared with those of 
included patients.
Two-sided p-values of <0.05 were considered statistically significant for all 
statistical tests. All analyses were performed with SPSS software, version 24 (IBM). 

RESULTS

Between January 2013 and March 2016, a total of 3679 patients were screened 
for eligibility for the trial, of whom 290 met the inclusion criteria, and 92 provided 
written informed consent (Figure 1). Forty-seven patients were randomly 
assigned to open reduction and volar plate fixation and 43 patients to plaster 
immobilisation. The median age of the participants was 59 years [IQR 45.8 – 65.3] 
and 74% were female. Baseline characteristics were evenly distributed between 
the two treatment groups (Table 1). The baseline characteristics of the included 
patients did not differ from the eligible but not included patients (Appendix 1). 
At randomisation all patients had an acceptable reduction with a mean radial 
inclination of 23.3⁰ (SD 25.2), radial height 9.9 mm (SD 1.6), ulnar variance (-0.7 
mm (SD 1.7), and dorsal angulation of 1.4⁰ (SD 5.3). One patient assigned to 
open reduction and volar plate fixation, and three patients assigned to plaster 
immobilisation were lost to follow-up. A 96% complete follow-up for the primary 
outcome was achieved at 12 months. Open reduction and volar plate fixation was 
performed at a median of six days [IQR 4.5 – 6.0] after randomisation.

At six weeks, three months, six months, and 12 months patients treated operatively 
had significantly better functional outcomes, indicated by significantly lower DASH 
and PRWE scores, than patients treated non-operatively (Table 2).
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Allocated to plaster immobilisation (n=44) 
♦ Received allocated intervention (n=43) 
♦ Did not receive allocated intervention (patient 
demanded volar plate fixation) (n=1) 

Assessed for eligibility (n=3679) 

Excluded (n=3587) 
♦ Not meeting inclusion criteria (n=3389) 

Intra-articular fracture (n=2010) 
Non-displaced fracture (n=1053) 
Unacceptable reduction (n=110) 
Antebrachii fracture (n=61) 
Fracture already treated elsewhere (n=57) 
Preferred treatment elsewhere/tourist (n=45) 
Other fracture ipsilateral extremity (n=17) 
Pre-existent neurological disorder (n=11) 
Fracture of contralateral wrist (n=8) 
Multiple trauma (n=5) 
Pre-injury impaired wrist function (n=6) 
Insufficient comprehension informed consent 
(n=5) 
Open fracture (n=1) 

♦ Declined to participate (n=54) 
♦ Eligible but no informed consent (n=144) 

Included in primary intention-to-treat analysis 
(n=46)  
♦ Excluded from analysis (withdrawn informed 
consent) (n=1) 

 

Lost to follow-up (no show outpatient clinic) (n=1) 

 

Allocated to volar plate fixation (n=48) 
♦ Received allocated intervention (n=47) 
♦ Did not receive allocated intervention (patient 
demanded plaster immobilisation) (n=1) 

Lost to follow-up (no show outpatient clinic) (n=3) 

 
 

Included in primary intention-to-treat analysis 
(n=40) 
♦ Excluded from analysis (withdrawn informed 
consent) (n=1) 

Allocation 

Analysis 

Follow-Up 

Randomised (n=92) 

Enrolment 

13
Figure 1.  Trial screening, randomization and follow-up.
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Table 1. Baseline characteristics*

No. (%) Operative group 
N = 47

Non-operative group 
N = 43

Age (years), median [IQR] 59 [42.0–66.0] 60 [52.0–65.0]
Sex

Female 
Male

31 (66%) 
16 (34%)

36 (84%) 
7 (16%)

Fracture of dominant side 30 (64%) 23 (54%)
AO/OTA classification

A2 
A3

10 (21%) 
37 (79%)

13 (30%) 
30 (70%)

Ulnar styloid fracture
Yes 
No

19 (40%) 
28 (60%)

28 (65%) 
15 (35%)

Diabetes mellitus
Yes 
No

1 (2%) 
46 (98%)

4 (9%) 
39 (91%)

Previous corticosteroid use 
Yes 
No

3 (6%) 
44 (94%)

6 (14%) 
37 (86%)

Smoking
Yes 
No

10 (21%) 
37 (79%)

11 (26%) 
32 (74%)

*There were no significant differences between the two groups in baseline characteristics, 
except for a fracture of the ulnar styloid (p=0.019). IQR: interquartile range

Table 2. Patient-reported outcomes

Median [IQR] Operative group Non-operative group p-value
6 weeks

DASH 22.5 [14.2–35.8] 48.3 [35.6–57.7] <0.001
PRWE 29.0 [18.5–48.5] 55.8 [40.9–70.9] <0.001

3 months
DASH 6.7 [2.5–18.3] 27.5 [10.0–38.3] <0.001
PRWE 11.0 [4.0 – 22.5] 32.5 [12.0–50.0] <0.001

6 months
DASH 5.8 [0.0–17.5] 14.2 [7.9–29.6] 0.004
PRWE 7.0 [3.0–29.0] 20.0 [7.5–45.8] 0.008

12 months
DASH 2.5 [0.0–12.7] 9.2 [1.7–17.7] 0.02
PRWE 4.0 [0.0–12.6] 10.0 [3.0–27.0] 0.02

All patient-reported outcome measures are corrected for age. Statistically significant values are 
presented in bold. DASH: Disability of the Arm, Shoulder and Hand, PRWE: Patient-Rated Wrist 
Evaluation, N: number, IQR: interquartile range
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The PCS of the SF-36 questionnaire indicated that operatively treated patients 
had a significantly better physical quality of life up to 12 months. A significant 
difference between the groups in mental quality of life was only observed at six 
weeks (Figure 2).

Patients treated operatively had a significantly better range of motion and 
grip strength at six weeks of follow-up compared with non-operatively treated 
patients. At 12 months, only flexion, extension, and supination of the wrist were 
significantly better in operatively treated patients than in non-operatively treated 
patients. Moreover, when measured as a percentage of the uninjured side, grip 
strength was significantly higher in patients treated operatively at 12 months 
(Appendix 2). 

Figure 2. Median SF-36 physical component score (PCS) and mental component score 
(MCS) with IQR, corrected for age
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Patients treated operatively had significantly lower VAS scores for up to three 
months after the operation (Figure 3).

At randomisation all patients had an acceptable reduction with a mean radial 
inclination of 23.3⁰ (SD 25.2), radial height 9.9 mm (SD 1.6), ulnar variance (-0.7 
mm (SD 1.7), and dorsal angulation of 1.4⁰ (SD 5.3). During the entire follow-
up period, operatively treated patients had significantly better radiological 
parameters than non-operatively treated patients (Appendix 3a+b). 

Significantly more patients in the non-operative group had a complication than in 
the operative group (25 versus 16 patients; p=0.02) (Table 3). Twelve (28%) non-
operatively treated patients had fracture redisplacement, which was treated with 
open reduction and internal fixation within six weeks of the initial trauma. A total 
of 17 (40%) non-operatively treated patients developed a malunion. In six patients 
it was symptomatic for which a corrective osteotomy was performed. 

Figure 3.  Median VAS pain score with IQR, corrected for age and painkiller use
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In the operatively treated group, three patients (7%) indicated that they were 
dissatisfied with the treatment they received. In contrast, in the non-operatively 
treated group, 19 patients (48%) were dissatisfied and indicated that they would 
rather have been operated on. Four of the19 patients did not have a complication.

In subgroup analyses, patients treated operatively had significantly better 
DASH and PRWE scores than patients treated initially non-operatively but who 
subsequently underwent surgery at six weeks, three months, six months, and 
12 months (Table 4). Moreover, patients treated non-operatively and who had 
no subsequent surgery had significantly worse DASH and PRWE scores, up to six 
months than patients undergoing operative treatment (Appendix 4).

DISCUSSION

In this multicentre, randomised trial we found that operatively treated patients with 
an adequately reduced extra-articular distal radius fracture have better functional 
outcomes after 12 months compared with non-operatively treated patients. In 

Table 4.  Difference in patient-reported outcome measures between patients undergoing 
subsequent surgery (N=18) and patients treated operatively primarily (N=47)

Median [IQR] Operative treatment Subsequent surgery p-value
6 weeks

DASH 22.5 [14.2–35.8] 50.4 [37.7–56.7] <0.001
PRWE 29.0 [18.5–48.5] 54.5 [42.4–73.9] 0.001

3 months
DASH 6.7 [2.5–18.3] 27.1 [11.0–42.2] 0.001
PRWE 11.0 [4.0–22.5] 38.5 [11.0–59.1] 0.002

6 months
DASH 5.8 [0.0–17.5] 15.8 [6.5–43.5] 0.02
PRWE 7.0 [3.0–29.0] 20.8 [4.8–51.9] 0.04

12 months
DASH 2.5 [0.0–12.7] 9.2 [3.5–22.9] 0.02
PRWE 4.0 [0.0–12.6] 12.8 [2.3–31.4] 0.04

All patient-reported outcome measures are corrected for age. Statistically significant values are 
presented in bold. DASH: Disability of the Arm, Shoulder and Hand, PRWE: Patient-Rated Wrist 
Evaluation, N: number, IQR: interquartile range
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addition, 42% of non-operatively treated patients subsequently underwent surgery 
for fracture redisplacement or a symptomatic malunion. Moreover, subgroup 
analyses showed that patients requiring subsequent surgery have worse functional 
outcomes up to 12 months of follow-up than patients primarily treated operatively. 

Displaced extra-articular distal radius fractures or Colles fractures, have long been 
considered benign fractures and are therefore still treated non-operatively in the 
majority of cases. However, since redisplacement rates are high and inadequate 
treatment may result in a stiff and painful wrist, it is questionable if non-operative 
treatment should still be the recommended treatment for displaced extra-articular 
distal radius fractures. Over the last decade, an increase in open reduction and 
volar plate fixation has been observed.17,18 Although the true reasons for this 
increase are unknown, it has been advocated that functional outcomes are 
correlated with radiological reduction, especially in young patients.12,25 Moreover, 
inadequate treatment may result in impaired wrist function, especially if non-
operatively treated fractures redisplace. Furthermore, reduced fractures require 
at least four to six weeks of immobilisation after closed reduction, which can lead 
to stiffness of the wrist.19 Two previous randomised controlled trials by Arora et 
al. and Bartl et al. compared open reduction and volar plate fixation with plaster 
immobilisation in 73 and 149 patients of 65 years and older, respectively.6,26 Arora 
et al. included both extra-articular (AO/OTA type A2-3) and intra-articular (AO/
OTA type C1-3) fractures, where Bartl et al. only included intra-articular fractures 
(AO/OTA type C1-3). Neither study found any difference in wrist function between 
the two treatment groups at six and 12 months. These results are consistent with 
two previous retrospective studies.5,27 However, all these studies were conducted 
in an elderly population and included both extra-articular and intra-articular 
fractures. In 2009, using data extracted from the literature, Koenig et al. evaluated 
if ORIF was preferable to non-operative treatment for acceptably reduced distal 
radius fractures.28 They concluded that ORIF was the preferred treatment, 
especially in young patients, with a long-term gain in quality-adjusted life years. 
This is consistent with the results of our study, where we found significantly 
better functional outcomes and a significantly better physical quality of life for 
operatively treated patients up to 12 months of follow-up. The PRWE showed 
that these differences are clinically significant up to six months of follow-up, with 
a difference between the groups of 14 points which is higher than the minimal 
clinically important difference (MCID) of 11.5.29 The DASH showed a significant 
difference of 8.4 points at six months, and 6.7 points at 12 months. Yet, the MCID 
of the DASH has only been determined for patients with chronic wrist conditions.30 
Therefore we cannot conclude if this difference is clinically relevant or not. 

263 

Volar plate fixation versus plaster in displaced extra-articular distal radius fractures



13

Today, initial management of closed reduction and plaster immobilisation is 
evaluated by radiographic examination. Surgical treatment is only instituted 
if reduced fractures redisplace. However, we found that if patients undergo 
subsequent surgery, they have worse functional outcomes up to 12 months of 
follow-up compared with patients who are primarily treated operatively. It could 
be argued that patients who underwent subsequent surgery had less time to 
functionally recover, especially those patients who had a corrective osteotomy. 
However, the DASH and PRWE scores at 12 months are comparable to studies 
determining the long-term functional outcomes after corrective osteotomies of 
the distal radius.31,32 Nevertheless, in the future we plan to assess the long-term 
functional results of this cohort of patients. 

Regardless of the fact that the Dutch radiological thresholds for an acceptable 
closed reduction are more forgiving than radiological criteria used in other 
countries, all included patients had an acceptable reduction at randomisation (i.e. 
mean dorsal angulation 1.4⁰ (SD 5.3)).

Non-operatively treated patients have a 42% probability of requiring subsequent 
surgery due to fracture redisplacement or a symptomatic malunion. This high rate is 
in accordance with a previous retrospective study, in which 37% of the patients with 
an extra-articular distal radius fracture needed subsequent surgery.13 Due to the 
intention-to-treat analysis, patients requiring subsequent surgery were analysed in 
the non-operatively treated group. It could be debated that it is due to these patients 
that the non-operatively treated group has significantly worse functional outcomes. 
However, subgroup analysis showed that patients treated non-operatively and who 
had no subsequent surgery had significantly worse functional outcomes up to six 
months than patients undergoing operative treatment. Therefore showing a clear 
difference between operatively and non-operatively treated patients. 

This trial has several limitations. First, our randomisation was slightly unbalanced, 
due to the mixed block randomisation. Moreover, although baseline characteristics 
were equally distributed, more patients in the non-operative group had a fracture 
of the ulnar styloid process. However, the literature shows that an associated 
ulnar styloid process fracture does not result in worse functional outcomes or an 
increased risk of secondary displacement.8,33 
Second, to determine if patients have returned to pre-injury ranges of functioning, 
it would be ideal to have pre-injury DASH and PRWE scores. Since patients with a 
distal radius fracture present with an injury, this is impossible or impeded by recall 
bias. However, by randomising patients we can assume that pre-injury physical 
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functioning was equally divided between the two treatment groups. Moreover, 
patients with impaired wrist function prior to trauma (e.g. rheumatoid arthritis or 
malunion) were excluded. 
Lastly, since the treatment allocation involved a surgical procedure, randomisation 
was not blinded. However, the questionnaires were completed by the patient 
before they were seen by a treating physician and without involvement of the 
examiner, thus avoiding biased assessments of these outcomes. 

Although 198 eligible patients were not included in this study, the baseline 
characteristics of these patients did not differ from the included patients. In this 
way, we were able to rule out selection bias. Moreover, the participation of a 
large number of hospitals strengthens the external validity and applicability of the 
results of this study. 
Regardless of the fact that the Dutch radiological thresholds for an acceptable 
closed reduction are more forgiving than radiological criteria used in other 
countries, all included patients had an acceptable reduction at randomisation (i.e. 
mean dorsal angulation 1.4⁰ (SD 5.3)).

Conclusion

Adults aged from 18 to 75 years with an acceptably reduced extra-articular distal 
radius fracture treated with open reduction and volar plate fixation have better 
functional outcomes after 12 months, compared to non-operatively treated 
patients. In addition, 42% of the non-operatively treated patients required 
subsequent surgery due to fracture redisplacement or a symptomatic malunion. 
These findings suggest that operative treatment is the preferred treatment for 
displaced extra-articular fractures.
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Appendix 1. Baseline characteristics of the included and non-
included eligible patients*

No. (%) Included patients 
N = 90

Non-included patients 
N = 198

Age (years), median [IQR] 59 [45.8–65.3] 60 [42.0–68.0]
Sex

Female 
Male

67 (74%) 
23 (26%)

159 (80%) 
39 (20%)

AO/OTA classification
A2 
A3

23 (26%) 
67 (74%)

61 (31%) 
137 (69%)

*There were no significant differences between the two groups in baseline characteristics. IQR: 
interquartile range
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Appendix 3a. Mean radial inclination and dorsal/palmar angulation 
with 95% CI, corrected for age
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Appendix 3b. Mean radial height and ulnar variance in mm with 
95% CI, corrected for age
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Appendix 4. Difference in patient-reported outcome measures 
between patients treated non-operatively without subsequent 
surgery (N=25) and patients treated operative primarily (N=47)

Median [IQR] Operative treatment Non-operative treatment 
without subsequent 
surgery

p-value

6 weeks
DASH 22.5 [14.2–35.8] 46.3 [34.4–64.0] <0.001
PRWE 29.0 [18.5–48.5] 57.0 [32.6–71.5] <0.001

3 months
DASH 6.7 [2.5–18.3] 27.5 [9.2–33.9] <0.001
PRWE 11.0 [4.0–22.5] 29.5 [12.3–48.3] 0.004

6 months
DASH 5.8 [0.0–17.5] 14.2 [8.3–27.5] 0.03
PRWE 7.0 [3.0–29.0] 20.0 [9.0–45.5] 0.03

12 months
DASH 2.5 [0.0–12.7] 9.2 [1.0–15.6] 0.11
PRWE 4.0 [0.0–12.6] 8.0 [3.0–19.1] 0.06

All patient-reported outcome measures are corrected for age. Statistically significant values are 
presented in bold. DASH: Disability of the Arm, Shoulder and Hand, PRWE: Patient-Rated Wrist 
Evaluation, N: number, IQR: interquartile range
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ABSTRACT

Introduction: A health economic evaluation from a multicentre randomised 
controlled trial of volar plate fixation versus plaster immobilisation in patients 
with a displaced extra-articular distal radius fracture (VIPER trial) was assessed in 
the present study.

Methods: A cost-effectiveness analysis (cost per quality-adjusted life year (QALY)) 
was performed from a multicentre randomised controlled trial conducted in 14 
hospitals in the Netherlands. Ninety patients were randomly assigned to volar 
plate fixation or plaster immobilisation. Resource use per included patient was 
documented prospectively for up to 12 months after randomisation and included 
direct medical costs, direct non-medical costs and indirect non-medical costs due 
to the distal radius fracture and the received treatment. Analyses were performed 
according to the intention-to-treat principle.

Results: The mean total cost per patient were lower in the operative group than 
in the non-operatively-treated group (mean difference €273 (95% bcaCI -1587 to 
860)). The mean total QALY at 12 months was significantly higher in the operative 
group than in the non-operative group (mean difference of 0.16 (95% bcaCI 0.059 
to 0.266)). The incremental cost-effectiveness ratio (ICER) was €1676 (95% bcaCI 
-13012 to 7440) per QALY, in favour of volar plate fixation. In subgroup analysis on 
patients having a paid job, the ICER of volar plate fixation with respect to plaster 
immobilisation was €-6851 (95% bcaCI -19588 to 2468) per QALY.

Conclusion: In adult patients with a displaced extra-articular distal radius fracture, 
volar plate fixation is a cost-effective intervention, especially in patients with a 
paid job. Besides the better functional results, volar plate fixation is less expensive 
and provides a better quality of life than plaster immobilisation.
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INTRODUCTION

Fractures to the wrist are one of the most common injuries, with an estimated 
incidence of 20 to 32 per 10000 person-years.1,2 Together with hand injuries they 
rank first in the order of most expensive injury types, with an overall expense of 
740 million US dollar annually.3,4

For displaced distal radius fractures, closed reduction and plaster immobilisation 
is still the recommended treatment of choice.5,6 However, redisplacement of the 
fracture is not uncommon, and may result in impaired function of the wrist if 
left untreated.7,8 Therefore, if the reduction fails to meet acceptable radiological 
criteria, patients may be recommended surgery. Since redisplacement rates are 
high, non-operative treatment may result in a high number of subsequent surgeries 
and consequently healthcare expenses.9 In contrast, operative treatment provides 
immediate stable fixation which allows for early mobilization and earlier regain of 
function.10 Earlier regain of function could result in less absenteeism from work 
or loss of production, which plays an important role in the high healthcare costs 
due to wrist injuries.3,11 Conversely, 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.12,13 

The aim of this study was to present a health economic evaluation from a 
multicentre randomised controlled trial of volar plate fixation versus plaster 
immobilisation in patients with a displaced extra-articular distal radius fracture 
(VIPER trial).

METHODS

Study population

This health economic evaluation was conducted as part of the VIPER trial, a multicentre 
randomised controlled trial comparing volar plate fixation with plaster immobilisation 
in displaced extra-articular distal radius fractures. Patients were eligible if they had 
an acceptably reduced extra-articular distal radius fracture, and were aged 18 to 75 
years. Upon acceptable reduction, patients were either randomised to volar plate 
fixation or plaster immobilisation. The primary outcome was the Disability of the 
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Arm, Shoulder and Hand (DASH) score at 12 months. Further details of the trial have 
been published previously.14 The results of the trial were that operatively-treated 
patients had better functional outcomes after 12 months, indicated by significantly 
lower DASH scores, compared to patients treated non-operatively (DASH score 2.5 
[0.0 – 12.7] versus 9.2 [1.7 – 17.7]; p=0.02). In addition, 42% of the non-operatively 
treated patients underwent subsequent surgery due to redisplacement in plaster or 
a symptomatic malunion, for which a corrective osteotomy was performed. Overall, 
significantly more patients in the non-operative treated group had a complication 
than in the operative treated group (25 versus 16 patients, p=0.02).

Economic evaluation

The economic evaluation estimated the costs, cost-effectiveness and cost-utility 
of operative treatment (volar plate fixation) versus non-operative treatment 
(plaster immobilisation) from a societal perspective in the Netherlands for up to 
12 months after randomization . The health outcome for the cost-effectiveness 
was the DASH score at 12 months. The DASH questionnaire is a validated 30-item 
self-report questionnaire that assessed the ability of a patient to perform certain 
upper-extremity activities.15 The score ranges from zero to 100, with higher scores 
indicating severe disability. The health outcome of the cost-utility was the quality-
adjusted life-years (QALYs) at 12 months. The quality of life was assessed using the 
EuroQol five dimensions (EQ-5D-3L) questionnaire, at six weeks, three months, 
six months and at 12 months. The EQ-5D-3L was presented as a single score 
using standard Dutch tariff values for each of the given time points. This single 
score represented the overall quality of life at the corresponding time point and 
is multiplied by the time spent to generate QALYs, using the area under the curve 
method. One QALY equates to one year in perfect health. 

In addition, incremental cost effectiveness ratios (ICER) were calculated by dividing 
the mean difference in costs between the two groups by the mean difference 
in QALYs and DASH score, respectively. The ICER represents the additional 
costs per QALY or DASH score gained, and indicates the trade-off between total 
costs and effectiveness when choosing between volar plate fixation and plaster 
immobilisation. As a rule, the National Institute for Health and Clinical Excellence 
(NICE) considers an intervention to be cost-effective if it costs less than €22000 to 
€34000 (£20000 to £30000) per QALY.16 In the Netherlands, an intervention which 
costs more than €30000 per QALY is considered not cost effective. This is also 
called the willingness to pay. 
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Considering that not all patients had a paid job at the time of randomization or 
during follow-up, an additional subgroup analysis was performed on total costs, 
owing to absence of paid work.  In addition, a subgroup analysis was performed 
on age. Patients aged 60 years and younger and patients above 60 years were 
used as two subgroups for this analysis according to the stratification during 
randomization.

Resource utilization and unit costs

Healthcare utilization and use of other resources for each patient were documented 
prospectively using cost diaries at six weeks, three months, six months and 12 
months.17 For the six weeks questionnaire, the recall period was since start of 
treatment. For the other time points, it was six weeks previously. Considering 
that patients were seen at the outpatient clinic alongside the regularly scheduled 
appointments, no study-related resource use or costs were taken into account. 
Since the analysis was taken from a societal perspective, direct medical costs, 
direct non-medical costs and indirect non-medical costs due to the distal radius 
fracture and the received treatment were taken into account. Direct medical 
costs included the unit costs for treatment, hospital admission to ward, diagnostic 
imaging (e.g. radiographs and CT-scans), outpatient clinic appointments, any 
additional consultations to general practitioner, physiotherapist, or other 
healthcare professionals, professional home care (e.g. household assistance, 
personal care or nursing), and subsequent treatment of complications. Direct non-
medical costs included out-of-pocket costs for travel expenses to and from the 
hospital, general practitioner, physiotherapist or other healthcare professionals, 
over-the-counter medication, care provided by family or paid help, and assistive 
devices (e.g. shower protection cast). 

Indirect non-medical costs originating from loss of production or lowered 
productivity due to immobilisation, pain or decreased function of the wrist, were 
included as well. Loss of productivity was determined using the Short Form - 
Health and Labour Questionnaire (SF-HLQ).18,19 The Human Capital Approach was 
used to estimate the duration of loss of productivity.20 This is based on the total 
expected loss of production for an individual worker during one year. In case of 
missing wages, the age-adjusted average hourly wage according to the SF-HLQ 
was used and extrapolated to 2016 using the consumer price index.21
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Estimates of unit costs were derived from different sources, including the Dutch 
guideline on unit costing in healthcare21, and the Hospital costs ledger from one 
academic and one non-academic hospital. The final unit costs were based on both 
the academic and non-academic hospital unit costs, in order to have representative 
costs for the Netherlands. All costs were expressed in euros (€) and extrapolated 
to 2016 using the consumer price index.21 Costs for the different procedures 
included costs for all instruments, personnel and overhead costs (Appendix 1).

Statistical analysis

Normally distributed baseline characteristics were presented as mean and 
standard deviation (SD), or as median and interquartile range [IQR] in case of 
a non-normal distribution. Categorical data were presented as number with 
percentage of the group. In order to calculate total costs per patient, resource use 
per patients were multiplied by unit costs. Resource use and costs per patients 
were reported for the two groups, as were the mean costs per patient.

Single imputation was used to complete the missing data for the EQ-5D-3L, using 
predictive mean matching based on the other time points, treatment and sex as 
predictors. Missing data for the EQ-5D-3L represented 3% of all observations. 
Due to the skewed distribution of the resource utilization, QALYs, DASH scores 
and ICERs, bias-corrected and accelerated bootstrapping was performed with 
1000 iterations to create 95% confidence intervals around the mean.22 A cost-
effectiveness plane was constructed to illustrate the difference between costs 
and effects between the two treatments. Since higher DASH scores indicate 
severe disability, we used the inverse DASH score for the cost-effectiveness plane 
regarding the DASH score. Furthermore, cost-effectiveness acceptability curves 
(CEACs) were presented to demonstrate the uncertainty in the ICER. These curves 
present the probability that a treatment is cost-effective in relation to the other 
intervention, in comparison with the willingness to pay.23

To determine the robustness of the results, a sensitivity analysis was performed 
by varying unit costs with plus and minus 20% for pertinent volumes of healthcare 
utilization. 

All analyses were performed according to the intention-to-treat principle. Analysis 
were done using SPSS version 24 (IBM, Armonk, New York, USA) and R version 
3.3.3 (R Foundation for Statistical Computing, Vienna, Austria).
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RESULTS

Between January 2013 and March 2016, 90 patients were randomly assigned 
to volar plate fixation (47 patients) or plater immobilisation (43 patients). One 
patient assigned to plaster immobilisation refused to complete the economic 
questionnaires and was excluded from the analysis. Baseline characteristics and 
the DASH score at 12 months are presented in Table 1. The trial was registered 
with Clinicaltrials.gov, number NCT02030496.

Table 1.  Baseline characteristics and outcomes of VIPER trial

Volar plate fixation
N = 47

Plaster immobilisation
N = 42

Age (years)* 59.0 [42.0 – 66.0] 59.5 [51.5 – 65.0]
Sex (F:M) 31:16 35:7
Fracture of dominant side (%) 30 (64%) 23 (55%)
DASH score at 12 months* 2.5 [0.0 – 12.7] 9.2 [1.7 – 18.3]
Complications 20 in 16 patients 33 in 25 patients

*Median [IQR]

The mean total QALY at 12 months was significantly higher in the operative group 
(0.759; 95% bcaCI 0.684 to 0.824) than in the non-operative group (0.596; 95% 
bcaCI 0.512 to 0.671), with a mean difference of 0.16 (95% bcaCI 0.059 to 0.266). 
The difference in QALYs gained for the operatively-treated group was equivalent 
to an extra 59 days in perfect health per year. The mean difference between the 
DASH score over 12 months was 6.15 (95% bcaCI 1.86 to 11.94), with lower scores 
in the operative group (6.61 (95% bcaCI 4.68 to 9.30 versus 12.76 (95% bcaCI 9.30 
to 17.76)), indicating better wrist function.

A summary of the resource utilization and total costs for the two treatment groups 
is displayed in Table 2. The total direct medical costs after 12 months were higher 
in the operative group (€179008.83 versus €124291.16). However, the direct 
non-medical costs (€2541.52 versus €3085.03) and indirect costs (€38219.39 
versus €80459.36) were lower in the operative group. Together, this resulted in 
total costs for the 12-month study period of €4676 (95% bcaCI 4227 to 5369) 
per patient in the operatively-treated group and €4948 (95% bcaCI 3933 to 6163) 
in the non-operatively-treated group (mean difference €273 (95% bcaCI -1587 to 
860 in favour of operatively-treated group).
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Table 2.  Resource utilization and costs for the two treatment groups in Euros

Volar plate fixation Plaster immobilisation

Volume Costs Volume Costs

Initial treatment 47 81443.48 42 9060.24
Additional treatment

ORIF 0 - 12 20794.08
Corrective osteotomy 0 - 6 10081.62
Pseudoarthrosis 1 2233.36 0 -
Wrist arthroscopy 0 - 1 1397.35
Implant removal 9 1472.22 2 327.16
Tendon transfer 3 2449.89 0 -
Tendon release 0 - 1 508.57
Pulley release 0 - 1 404.41
Carpal tunnel release 0 - 1 354.74
Plaster or splint application 0 - 3 102.36

Diagnostic imaging
Radiograph of wrist 256 13936.64 291 15842.04
Radiograph chest 2 111.08 0 -
CT-scan of wrist 6 866.58 7 1011.01
Ultrasound wrist 2 224.96 1 112.48
Ultrasound wrist with injection 0 - 1 540.05
Duplex ultrasound 1 185.06 0 -
Electromyography (EMG) 0 - 2 239.48
Bone densitometry (DEXA) 14 516.88 19 701.48

Outpatient and inpatient care
Outpatient appointments 360 24590.43 398 24481.85
ED consultation 8 2090.64 10 2613.30
Surgical ward admission 71 29014.15 34 13894.10

Primary and personal care
Primary care appointments 370 14448.46 345 13932.92
Home and personal care 110 5425.00 239 7891.92

Total direct medical costs 179008.83 124291.16
Out of pocket expenses N/A 804.29 N/A 1184.00
Travel expenses 719* 1737.23 738* 1901.03
Total direct non-medical costs 2541.52 3085.03
Lowered productivity N/A 12289.96 N/A 20841.16
Loss of productivity N/A 25929.43 N/A 59618.20
Total indirect costs 38219.39 80459.36
Total costs (12 months) 219769.74 207835.55
Mean costs per patient (95% bcaCI) 4676 (4227 to 5369) 4948 (3933 to 6163)
Mean difference (95% bcaCI) -273 (-1587 to 860)

*Travel days. ORIF: open reduction and internal fixation; N/A: not applicable; bcaCI: bias-
corrected and accelerated confidence interval
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Cost-effectiveness analysis

The cost-effectiveness between volar plate fixation and plaster immobilisation 
versus the difference in QALYs over 12 months was graphically presented in Figure 
1. The graph shows that all points are to the right of the y-axis, indicating that 
volar plate fixation produced more QALYs and consequently was more effective. 
Moreover, the point estimate is below the x-axis, indicating that volar plate fixation 
was also less costly. To treat one patient operatively instead of non-operatively, 
€273 was gained and 0.16 QALYs. The ICER was €1676 (95% bcaCI -13012 to 7440) 
per QALY, in favour of volar plate fixation. Figure 2 present the CEAC with a range 
of willingness to pay thresholds. At a willingness to pay threshold of €30000 per 
QALY, the probability of volar plate fixation to be cost-effective was 99.6%. In 
addition, volar plate fixation would still be cost-effective in 61.9% at a willingness 
to pay of €0.

Figure 1. Graph showing the cost-effectiveness between volar plate fixation and plaster 
immobilisation versus the difference in QALYs over 12 months, generated from bootstrapping. 
The black spot is the point estimate.
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The cost-effectiveness graph of volar plate fixation compared with plaster 
immobilisation versus the difference in DASH score over 12 months showed that 
volar plate fixation was more effective and also less expensive (Appendix 2). The 
ICER was €44.30 (95% bcaCI -338 to 277), indicating that volar plate fixation costs 
€44.30 less per one point in DASH score decrease (Appendix 3).

Subgroup analysis on paid job and age

In subgroup analysis on total costs, owing to absence of a paid job, a mean 
difference in total costs of €1386 (95% bcaCI -3448 to 432) in favour of volar plate 
fixation was found for patients with a paid job. For patients without a paid job, the 
difference in total costs was €937 (95% bcaCI -359 to 1760) in favour of patients 
treated non-operatively with plaster immobilisation. The QALYs over 12 months 
were higher in the operative group than in the non-operative group, for both 
patients with a paid job and without a paid job (mean difference 0.20 (95% bcaCI 
0.057 to 0.341) and 0.117 (95% bcaCI -0.028 to 0.274), respectively). However, the 
mean differences for the total cost and QALYs between the two groups were not 

Figure 2.  Graph showing the probability of cost-effectiveness per QALY gained at 12 
months versus several willingness to pay thresholds. The line at 30000 euros corresponds to 
the willingness to pay threshold in the Netherlands.
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Table 3.  Subgroup analysis on patients with and without a paid job

No paid job Paid job

Volar plate 
fixation

Plaster 
immobilisation

Difference Volar plate 
fixation

Plaster 
immobilisation

Difference

Costs$  
(95% bcaCI)

4200  
(3823 to 

4820)

3263  
(2655 to 4781)

937  
(-359 to 
1760)

5095  
(4342 to 

6321)

6481  
(4961 to 8526)

-1386  
(-3448 to 

432)
QALY  
(95% bcaCI)

0.686  
(0.603 to 

0.790)

0.570  
(0.455 to 

0.691)

0.117  
(-0.028 to 

0.274)

0.823  
(0.712 to 

0.906)

0.620  
(0.504 to 

0.725)

0.20 
(0.057 to 

0.341)
ICER$  
(95% bcaCI)

8041  
(-9816 to 948660)

-6851  
(-19.588 to 2468)

DASH  
(95% bcaCI)

11.83  
(8.23 to 
15.86)

14.80  
(8.39 to 28.71)

-2.98  
(-14.1 to 

4.69)

2.23  
(1.14 to 

4.75)

11.11  
(7.25 to 16.50)

-8.88  
(-14.3 to 

-4.59)
ICER$  
(95% 
bcaCI)*

315  
(-3496 to 2907)

-156  
(-351 to 76)

$Values are in Euros *For the ICER the DASH score was converted to number of DASH points 
decreased, since a lower DASH score reflects less disability. QALY: quality adjusted life years; 
ICER: incremental cost-effectiveness ratio; DASH: Disability of the Arm, Shoulder, and Hand 
Questionnaire; bcaCI: bias-corrected and accelerated confidence interval

significant. The ICER was €6851 (95% bcaCI -19588 to 2468) per QALY in favour of 
volar plate fixation, in patients with a paid job. For patients without a paid job, the 
ICER was €8041 (95% bcaCI -9816 to 948660) in favour of plaster immobilisation 
(Table 3).

The mean DASH scores were lower in the operative group than in the non-
operative group, for both patients with and without a paid job. However, these 
differences were not significant. The ICER per one point decrease in DASH score 
was €156 (95% bcaCI -351 to 76) in favour of volar plate fixation, in the group of 
patients who had a paid job, and €315 (95% bcaCI -3496 to 2907) in favour of 
plaster immobilisation for patients without a paid job (Table 3).

In subgroup analysis based on age, a mean difference in total costs of €795 (95% 
bcaCI -2887 to 899) in favour of volar plate fixation was found for patients younger 
than 60 years. For patients older than 60 years, the difference in total costs was 
€309 (95% bcaCI -1156 to 1534) in favour of patients treated non-operatively with 
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plaster immobilisation. The QALYs over 12 months were higher in the operative 
group than in the non-operative group, for both patients younger and older than 
60 years (mean difference 0.13 (95% bcaCI -0.008 to 0.227) and 0.207 (95% bcaCI 
0.049 to 0.353), respectively). However, the mean differences for the total cost 
and QALYs between the two groups were not significant. The ICER was €6205 
(95% bcaCI -45510 to 25764) per QALY in favour of volar plate fixation, in patients 
younger than 60 years, and €1489 (95% bcaCI -6729 to 13327) in favour of plaster 
immobilisation in patients older than 60 years (Table 4).

The mean DASH scores were lower in the operative group than in the non-
operative group, for both patients younger and older than 60 years. However, 
these differences were not significant. The ICER per one point decrease in DASH 
score was €122 (95% bcaCI -455 to 274) in favour of volar plate fixation for patients 
younger than 60 years, and €55.80 (95% bcaCI -698 to 1978) in favour of plaster 
immobilisation for patients older than 60 years (Table 4).

Table 4. Subgroup analysis on age

Patients aged ≤60 years Patients aged >60 years

Volar plate 
fixation

Plaster 
immobilisation

Difference Volar plate 
fixation

Plaster 
immobilisation

Difference

Costs$  
(95% bcaCI)

5041  
(4302 to 

6117)

5836  
(4370 to 7796)

-795  
(-2887 to 

899)

4183  
(3782 to 

4876)

3874  
(2808 to 5317)

309  
(-1156 

to1534)
QALY  
(95% bcaCI)

0.734  
(0.650 to 

0.837)

0.606  
(0.485 to 

0.719)

0.128  
(-0.008 to 

0.277)

0.792  
(0.695 to 

0.882)

0.585  
(0.463 to 

0.703)

0.207 
(0.049 to 

0.353)
ICER$  
(95% bcaCI)

-6205  
(-45510 to 25764)

1489  
(-6729 to 13327)

DASH  
(95% bcaCI)

4.35  
(2.40 to 

6.83)

10.87  
(7.10 to 16.61)

-6.52  
(-11.9 to 

-2.06)

9.82  
(5.79 to 
14.84)

15.36  
(9.65 to 28.46)

-5.54  
(-18.6 to 

1.22)
ICER$  
(95% 
bcaCI)*

-122  
(-455 to 274)

55.80  
(-698 to 1978)

$Values are in Euros *For the ICER the DASH score was converted to number of DASH points 
decreased, since a lower DASH score reflects less disability. QALY: quality adjusted life years; 
ICER: incremental cost-effectiveness ratio; DASH: Disability of the Arm, Shoulder, and Hand 
Questionnaire; bcaCI: bias-corrected and accelerated confidence interval
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Sensitivity analysis 

Within the sensitivity analysis undertaken, the ICER remained below the 
willingness to pay threshold for both a decrease and increase of 20% in costs. The 
ICER was €1341 (95% bcaCI -10409 to 5952) per QALY for a 20% decrease in costs, 
and €2011 (95% bcaCI -15614 to 8928) for a 20% increase in costs, both in favour 
of volar plate fixation (Appendix 4).

DISCUSSION

Volar plate fixation has lower mean costs per patient and significantly higher 
QALYs compared to plaster immobilisation, resulting in an ICER of €1676 per QALY 
gained. Consequently, volar plate fixation could be considered cost-effective as its 
ICER is lower than the willingness to pay threshold.

Due to the high incidence, distal radius fractures not only constitute to a substantial 
part of all treated fractures but also represent a considerable economic burden. 
The total healthcare costs for distal radius fractures not only consist of direct costs 
resulting from treatment, but productivity costs also contribute substantially to 
the total costs.3 In the present economic evaluation the direct costs were higher 
for operative treatment, mainly attributed to the cost of the operation. However, 
due to the high rate of subsequent surgeries in the plaster immobilisation group, 
the direct costs of plaster immobilisation comprised 69% of the direct costs of 
volar plate fixation. Additionally, the indirect costs contributed to a significant part 
of the total costs per patient, mainly in the non-operatively-treated group due to 
lowered productivity or loss of productivity. This resulted in higher mean costs per 
patient for plaster immobilisation compared to volar plate fixation. 

Moreover, in subgroup analysis on patients with a paid job, the ICER with respect 
to volar plate fixation was higher than in the total group (€6851 versus €1676 per 
QALY gained). Meaning that treating patients with a paid job operatively, costs 
€6851 less per QALY gained compared to non-operative treatment. In contrast, 
the ICER with respect to volar plate fixation for patients without a paid job was 
€8041. This difference could be attributed to the indirect costs, which were higher 
in patients with a paid job treated with plaster immobilisation. Although volar 
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plate fixation costs more than plaster immobilisation per QALY gained for patients 
without a paid job, volar plate fixation is still more effective.
In subgroup analysis based on age, we found an ICER for patient younger than 
60 years which was comparable to the ICER of patient with a paid job (€6205 
versus €6851 per QALY gained) , both in favour of volar plate fixation. However, 
the ICER in favour of plaster immobilisation for patient older than 60 years was 
lower compared to the ICER of patient without a paid job (€1489 versus €8041 per 
QALY gained). This difference can be attributed to the fact that the official age of 
retirement in the Netherlands is higher than 60 years. Consequently, eight of 39 
patients older than 60 years had a paid job at time of randomization.

Besides the better quality of life at 12 months in the operatively-treated group, 
patients treated with volar plate fixation also had better functional outcomes, 
indicated with lower mean DASH scores. This resulted in an ICER of €44.30, 
indicating that volar plate fixation costs €44.30 less per one point in DASH score 
decrease.

One of the limitations of this study is the uncertainty in the determination of 
the unit costs. Although the differences between hospitals are not substantial, 
unit costs can differ between hospitals mainly due to different overhead costs. 
However, the unit costs used in this economic evaluation were based on the unit 
costs of one academic and one non-academic hospital, which strengthens the 
external validity of this study. Moreover, since the economic evaluation is based 
on a randomised study, uncertainties in unit costs are equally divided between the 
operative and non-operative group. Lastly, we performed a sensitivity analysis by 
varying all unit costs with plus and minus 20%, to determine the robustness of our 
results. In the sensitivity analysis, volar plate fixation remained cost-effective and 
the ICER below the willingness to pay of €30000 under both assumptions. 
A final limitation is that the results of the health economic evaluation are based 
on the available 12-month data. Although guidelines recommend to follow-up on 
patients until 12 months after the initial treatment, it is possible that patients 
received additional treatment after 12 months (e.g. implant removal). However, 
these potential additional treatments will not contribute substantially to the total 
costs and will therefore likely not influence the results of this economic evaluation.

Previous cost analysis mainly focused on comparing the costs of different surgical 
techniques for distal radius fractures.24-26 These studies concluded that the choice 
of implants appears to influence the overall costs considerably. However, few 
studies have provided a comparative cost analysis of operative treatment versus 
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non-operative management. A previous decision model in elderly patients, 
based on reimbursement rates and data extracted from literature and patient 
surveys, showed that open reduction and internal fixation (ORIF) is a worthwhile 
alternative to plaster immobilisation, with an incremental cost-effectiveness ratio 
of 15330 dollars per quality adjusted life year (QALY) gained.13 In addition, another 
decision model, also based on retrospective data, showed that ORIF compared 
to non-operative treatment in patients with a mean age of 58 years results in 
0.08 more QALYs, which represents a difference of 29 days in perfect health.27 
However, both studies used retrospective data and did not take into account 
indirect costs due to loss of productivity. Moreover, both studies included all distal 
radius fractures, both extra- and intra-articular and displaced and non-displaced 
fractures. In contrast, this study provides a comprehensive assessment of the 
cost-effectiveness, taken into account both direct and indirect costs, of the two 
most undertaken treatments for displaced distal radius fractures.

In conclusion, in patients with an acceptably reduced extra-articular distal radius 
fracture, volar plate fixation is a cost-effective intervention in comparison to 
plaster immobilisation, especially in patients with a paid job. Besides the better 
functional results, volar plate fixation is less expensive and provides a better 
quality of life than plaster immobilisation. We therefore recommend a change in 
current practice in favour of volar plate fixation for patients with an acceptably 
reduced extra-articular distal radius fracture, especially for patients with a paid 
job.
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Appendix 1. Unit costs for resources used

Unit costs (€) Source
Initial procedure and additional treatment

Plaster immobilisation 215.72 HL
Open reduction and volar plate fixation 1732.84 HL
Corrective osteotomy 1680.27 HL
Pseudoarthrosis 2233.36 HL
Wrist arthroscopy 1397.35 HL
Implant removal 163.58 HL
Tendon transfer 816.63 HL
Tendon release 508.57 HL
Pulley release 404.41 HL
Carpal tunnel release 354.74 HL
Plaster or splint application 23.12 HL

Diagnostic imaging
Radiograph of wrist 54.44 HL
Radiograph chest 55.54 HL
CT-scan of wrist 144.43 HL
Ultrasound wrist 112.48 HL
Ultrasound wrist with injection 540.05 HL
Duplex ultrasound 185.06 HL
Electromyography (EMG) 119.74 HL
Bone densitometry (DEXA) 36.92 HL

Outpatient and inpatient care
Outpatient clinic appointment 73.66 DGUCH
Plaster room appointment 39.85 HL
ED consultation 261.33 DGUCH
Surgical ward admission 408.65 DGUCH

Primary and personal care
GP appointment 33.60 DGUCH
Physiotherapist appointment 33.60 DGUCH
Occupational therapist appointment 33.60 DGUCH
Company doctor appointment 150.00 OS
Alternative medicine appointment 33.60 DGUCH
Household service 20.18 DGUCH
Personal care 50.45 DGUCH
District nurse visit 73.66 DGUCH
Rehabilitation center admission 95.00 OS

Out of pocket expenses
Travel costs per km 0.19 DGUCH
Parking fee 3.00 DGUCH

ED: Emergency Department; GP: general practitioner; DGUCH: Dutch Guideline on Unit Costing 
in Healthcare; HL: Hospital Ledger Academic and Non-academic hospital; OS: other source
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Appendix 2. Graph showing the cost-effectiveness between volar 
plate fixation and plaster immobilisation versus the difference in 
DASH score over 12 months, generated from bootstrapping
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Appendix 3. Graph showing the probability of cost-effectiveness 
per point decrease in DASH score at 12 months versus several 
willingness to pay thresholds
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Appendix 4. Sensitivity analysis with varying unit costs

20% decrease in costs 20% increase of costs

Volar plate 
fixation

Plaster 
immobilisation

Difference Volar plate 
fixation

Plaster 
immobilisation

Difference

Costs$  
(95% bcaCI)

3741  
(3382 to 

4295)

3959  
(3146 to 4930)

-218  
(-1258 to 

688)

5611  
(5073 to 

6443)

5938  
(4719 to 7395)

-327  
(-1887 to 

1032)
QALY  
(95% bcaCI)

0.759  
(0.684 to 

0.824)

0.596  
(0.512 to 

0.671)

0.163 
(0.059 to 

0.266)

0.759  
(0.684 to 

0.824)

0.596  
(0.512 to 

0.671)

0.163 
(0.059 to 

0.266)
ICER$  
(95% bcaCI)

-1341  
(-10409 to 5952)

-2011  
(-15614 to 8928)

DASH  
(95% bcaCI)

6.61  
(4.68 to 

9.30)

12.76  
(9.30 to 17.76)

6.15  
(1.86 to 
11.94)

6.61  
(4.68 to 

9.30)

12.76  
(9.30 to 17.76)

6.15  
(1.86 to 
11.94)

ICER$  
(95% 
bcaCI)*

-35.4  
(-271 to 221)

-53.2  
(-406 to 332)

$Values are in Euros *For the ICER the DASH score was converted to number of DASH points 
decreased, since a lower DASH score reflects less disability. QALY: quality adjusted life years; 
ICER: incremental cost-effectiveness ratio; DASH: Disability of the Arm, Shoulder, and Hand 
Questionnaire; bcaCI: bias-corrected and accelerated confidence interval
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SUMMARY, IMPLICATIONS AND FUTURE PERSPECTIVES

Part I: Current distal radius fracture management

In Chapter 1 we conducted a survey among orthopaedic trauma surgeons to 
characterise current distal radius fracture management, including the variation in 
classification systems, thresholds for radiological parameters defining acceptable 
reduction, and indications for surgical treatment. A total of 46 surgeons and 
residents participated in the survey. Consensus was found for the AO/OTA 
classification as the preferred classification system, for the definition of an 
acceptable volar and dorsal angulation, radial inclination, radial height, and intra-
articular gap or step-off, and for non-operative treatment instead of operative 
treatment in patients with an acceptably-reduced extra- and intra-articular distal 
radius fractures, regardless of age. Moreover, operative treatment was preferred 
in patients younger than 75 years with a displaced distal radius fracture without 
an acceptable closed reduction. We concluded that there is consensus on the 
majority of aspects of distal radius fracture management. Nevertheless, the 
remaining variability in the definition of acceptable radiological thresholds and 
indications for surgical treatment reflects the area for improvement.

In Chapter 2 we performed a retrospective cohort study to examine the variation 
in surgical treatment of distal radius fractures in the Netherlands. Data on 95,754 
reimbursements for the treatment of distal radius fractures: 49,615 in 2012 and 
46,139 in 2013, were obtained. The percentage of patients treated operatively 
ranged from 0% to 23% per hospital. The number of operatively-treated patients 
was the highest in the university hospitals. Hospital type, mean age, percentage of 
females and patients over 65, average socioeconomic status and the total number 
of patients treated explained only 2.6% and 11.6% of the observed differences in 
the operatively-treated patients among hospitals in 2012 and 2013, respectively. 
Except for age, none of these variables was independently related with operative 
treatment. We concluded that there is substantial variation in the treatment of 
distal radius fractures in the Netherlands, which cannot entirely be explained 
by patient characteristics or the hospital type. It is suggested that surgeons’ 
preferences prevail and drive therapeutic decisions in patients with distal radius 
fractures. The observed variation in current distal radius fracture management, 
suggests the potential for an increase in quality and appropriateness of care for 
patients with a distal radius fracture.
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Part II: Clinical decision rules

In Chapter 3 we performed a before-and-after comparative cohort study to 
evaluate the effect of implementation of the Amsterdam Wrist Rules (AWR) at 
four different Emergency Departments, including all consecutive adult patients 
with acute wrist trauma. Patients were included using the AWR smartphone 
application. The absolute reduction in wrist radiographs after implementation 
of the AWR was 15%. One clinically irrelevant fracture was missed due to the 
recommendation of the AWR. Furthermore, non-fracture patients who required 
no wrist radiograph spent 34 minutes less at the Emergency Department 
compared with non-fracture patients who had a wrist radiograph. We concluded 
that implementation of the AWR safely reduces the amount of wrist radiographs 
in patients suspected of a distal radius fracture, and consequently reduces the 
length of stay in the Emergency Department.

In Chapter 4 we conducted an incremental cost analysis and budget impact analysis 
on the implementation of the AWR. A cost-minimisation analysis was performed, 
which addressed direct medical costs and nonmedical costs. Implementation of the 
AWR resulted in €203,511 cost savings annually in the Netherlands. If physicians 
adhered to the AWR in all cases, the cost savings increased to €610,248. We 
concluded that implementation of the AWR would result in considerable savings 
of healthcare expenditures.

To help predict which distal radius fracture will displace following reduction, a 
clinical prediction model has been developed by Mackenney et al. In Chapter 5 we 
performed a retrospective cohort study to externally validate this prediction model 
among 99 patients with a non-operatively-treated displaced distal radius fracture. 
The prediction model of Mackenney et al. predicted a greater than 70% chance 
of redisplacement for only three fractures, while actual redisplacement within 
two weeks occurred in 61 fractures (sensitivity 1.6%). The areau under the curve 
(AUC) of Mackenney’s prediction model was poor for the radiological thresholds 
according to Mackenney et al. (0.47; 95% CI: 0.36 – 0.59). We concluded that 
Mackenney’s prediction model is a poor predictor of fracture redisplacement in 
displaced distal radius fractures in our patient population.
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Part III: Functional outcome following a distal radius fracture

Approximately half of all distal radius fractures is accompanied by a fracture of 
the ulnar styloid process. In Chapter 6 we performed 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. A total of 2,243 patients were 
included; 1,196 patients with and 1,047 patients without an ulnar styloid fracture. 
A statistically significant, but clinically unimportant, mean difference of 3.40 (95% 
CI 1.33 – 5.48) points in the Disability of the Arm, Shoulder and Hand (DASH) score 
was found in favour of patients without an ulnar styloid fracture. No significant 
differences between patients with and without an ulnar styloid fracture were 
found in Patient-Rated Wrist Evaluation (PRWE) scores, and in the other secondary 
outcomes after one year of follow-up. In addition, no significant differences 
were found between ulnar styloid process base and nonbase fractures for either 
the DASH and the PRWE score. We concluded that patients with a distal radius 
fracture and a concomitant fracture of the ulnar styloid process have comparable 
functional outcomes compared to patients without a concomitant fracture of 
the ulnar styloid process after one year of follow-up. Moreover, the level of the 
ulnar styloid process fracture seems not to contribute to a difference in functional 
outcome.

Volar plate fixation for distal radius fractures usually demands detachment of 
the pronator quadratus muscle. Reinsertion of the pronator quadratus muscle 
could theoretically protect the volar flexor tendons by covering the hardware 
and may support pronation. However, controversy surrounds the merits of this 
repair. In Chapter 7 we described a comprehensive systematic review to assess 
the functional outcome of patients with a distal radius fracture treated with 
pronator quadratus repair versus no pronator quadratus repair following volar 
plate fixation. A total of 169 patients were included, of which 95 underwent 
pronator quadratus repair versus 74 patients with no pronator quadratus repair. 
At 12 months follow-up, no statistically significant differences in DASH scores and 
range of motion were observed. In addition, post-operative pain and complication 
rates were similar between both groups. We therefore concluded that there are 
no advantages of pronator quadratus repair after volar plate fixation.

One of the reasons of the increased use of volar plate fixation, is that it provides 
immediate stable fixation. Additionally, it is believed that an anatomic reduction 
is positively related to functional outcome. In Chapter 8 we performed a meta-
analysis to evaluate the association between radiological outcome and patient-
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reported outcome in adults with a displaced distal radius fracture. Secondly, 
we aimed to determine which specific radiological parameters were associated 
with patient-reported outcomes. A total of 1,961 patients with a distal radius 
fracture were included. A statistically significant, but clinically unimportant, mean 
difference in patient-reported outcome of 4.15 points (95% CI 0.26 – 8.04) in 
favour of an acceptable radiological reduction was found. Moreover, a significant 
mean difference in patient-reported outcomes of 5.38 points (95% CI 1.69 – 9.07) 
in favour of an acceptable dorsal angulation and 6.72 points (95% CI 2.16 – 11.29) 
in favour of an acceptable ulnar variance were found. However, the differences 
were small and therefore not clinically important. Nonetheless, since radiological 
reduction is not the only factor influencing functional outcome, future studies 
should focus on finding specific predictors of patient-reported outcomes.

One of the most important complications of non-operatively-treated displaced 
distal radius fractures is a symptomatic malunion. In Chapter 9 we performed a 
prospective cohort study to assess the long-term functional outcomes of corrective 
osteotomies for symptomatic distal radius malunions. Additionally, we aimed to 
determine if there were any differences in graft versus no graft usage. A total of 48 
consecutive patients who underwent a corrective osteotomy of the distal radius 
were included, with a median time to follow-up of 27 months. The median DASH 
and PRWE score were 10.0 (IQR 5.8 – 23.3) and 18.5 (IQR 6.5 – 37.0), respectively. 
Except for pronation and supination, range of motion and grip strength of the 
injured wrist were significantly less compared to the uninjured side. VAS pain 
scores decreased significantly from 6.5 preoperatively to 1.0 postoperatively. 
There were no significant differences in functional outcome between graft and 
no graft usage. We therefore concluded that corrective osteotomy is an effective 
method of treating patients with a symptomatic distal radius malunion, with good 
long-term functional results.

To determine functional outcome following a distal radius fracture, it is important 
to take into account patient-reported outcome measures such as the DASH and 
PRWE scores. In Chapter 10 we performed a cross-sectional study in the normal 
population to determine the normative data for the PRWE questionnaire. In 
addition, we determined if there were any factors influencing this normative 
data. A total of 1,042 participants were included. The median PRWE score 
was 0 (IQR 0-8.5) and the mean score 7.7 (SD 15.0). Women had significantly 
higher scores compared to men, and younger individuals had significantly 
lower scores. In addition, participants with a history of wrist or hand fracture or 
surgery, and participants who were unfit for work had significantly higher scores. 
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Socioeconomic status was not correlated with the PRWE score. Presenting the 
results of a treatment for wrist or hand injuries in the light of normative data is 
far more representative and revealing then only presenting outcome scores. From 
this study we can conclude that the normative value for the PRWE is 7.7. With this 
value we can interpret the results of clinical studies, moreover it can also guide us 
in evaluating the results of our treatment.

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

Although, secondary displacement following closed reduction and plaster 
immobilisation has been reported in up to 60% of fractures, international 
guidelines still recommend non-operative treatment for acceptably reduced 
displaced distal radius fractures. In Chapter 11 we performed a retrospective 
cohort study to determine the functional outcome of acceptably reduced distal 
radius fractures, treated non-operatively. Additionally, we determined the rate of 
subsequent surgeries due to secondary displacement. A total of 116 adult patients 
with an acceptably reduced non-operatively-treated distal radius fracture were 
included. After 12 months, the median DASH score was 15 (IQR 5.8-28). Forty-
six patients (40%) had subsequently underwent surgery, either due to secondary 
displacement or a symptomatic malunion. Younger patients were more likely to 
undergo subsequent surgery. We concluded that non-operative treatment of 
acceptably reduced distal radius fractures leads to acceptable functional outcomes 
after 12 months, however, at the expense of 40% subsequent surgeries.

This high rate of subsequent surgeries, raises concerns on treating patients with a 
displaced distal radius fracture non-operatively. To give a definitive answer to this 
unresolved question for both intra-articular and extra-articular displaced distal 
radius fracture, we conducted two separate multicentre randomised controlled 
studies: one focusing on intra-articular displaced distal radius fractures (VIPAR 
trial), and the second one focussing on extra-articular displaced distal radius 
fractures (VIPER trial). In Chapter 12 the design of the VIPAR trial has been 
described. The VIPAR trial is currently running in 21 hospitals and recently the 
number of inclusions has been reached. 
In Chapter 13 we described the results of the VIPER trial. Upon acceptable closed 
reduction, 90 adults with an extra-articular distal radius fracture between 18 and 
75 years were randomly assigned to volar plate fixation (47 patients) or plaster 
immobilisation (43 patients). At 12 months, functional outcome was significantly 
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better in the operative group, indicated by lower DASH and PRWE scores (DASH 
score: 2.5 (0.0 – 12.7) versus 9.2 (1.7 – 17.7); p=0.02, PRWE score: 4.0 (0.0 – 
12.6) versus 10.0 (3.0–27.0); p=0.02). In addition, the physical quality of life was 
significantly better in patients undergoing volar plate fixation (54.4 (IQR 49.7 
– 58.8) versus 46.3 (IQR 41.1 – 54.7); p<0.001). Twelve (28%) non-operatively 
treated patients had fracture redisplacement within six weeks and underwent 
open reduction and internal fixation, and six patients (14%) had a symptomatic 
malunion for which a corrective osteotomy was performed. We concluded that 
patients from 18 to 75 years with an acceptably reduced extra-articular distal radius 
fracture treated with open reduction and volar plate fixation have better functional 
outcomes after 12 months when compared with non-operatively treated patients. 
Additionally, 42% of non-operatively treated patients had subsequent surgery. 
These findings suggest that operative treatment is the preferred treatment for 
patient s with displaced extra-articular distal radius fractures.

Besides the functional advantages of volar plate fixation, the direct costs of 
operative treatment are higher compared with non-operative treatment. However, 
plaster immobilisation could result in lowered productivity or even absenteeism 
from work, which contributes to the high healthcare costs due to wrist injuries. 
Therefore, in Chapter 14 we performed a health economic evaluation from the 
VIPER trial. The mean total cost per patient were lower in the operative group 
than in the non-operatively-treated group (mean difference €273 (95% bcaCI 
-1587 to 860)). In addition, the mean total quality adjusted life year (QALY) at 12 
months was significantly higher in the operative group than in the non-operative 
group (mean difference of 0.16 (95% bcaCI 0.059 to 0.266)). The incremental 
cost-effectiveness ratio (ICER) was €1676 (95% bcaCI -13012 to 7440) per QALY, 
in favour of volar plate fixation. In subgroup analysis on patients having a paid 
job, the ICER was €6851 (95% bcaCI -19588 to 2468) per QALY, in favour of volar 
plate fixation. We concluded that in patients with a displaced extra-articular distal 
radius fracture, volar plate fixation is a cost-effective intervention, especially in 
patients with a paid job. 

Implications

The implications of this thesis will be presented as a case example. A 57-year 
old male falls on the outstretched wrist during sports. He visits the Emergency 
Department of a large teaching hospital in an urban area in the Netherlands. 
On this Emergency Department the AWR are implemented into clinical practice 
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because its saves time and costs, and the chance of missing a clinically relevant 
fracture is low (Chapter 3 and 4). The AWR smartphone application recommends 
to make a wrist radiograph, which shows a displaced extra-articular distal radius 
fracture with a concomitant ulnar styloid process fracture. The distal radius 
fracture is reduced by closed means with an acceptable reduction. In case of 
an acceptable closed reduction, the current national guideline advocates non-
operative treatment with plaster immobilisation. However, the patient asks his 
surgeon if he can have an operation because he would like to go back to work 
and playing sports as soon as possible. Although the VIPER study shows that 
operatively-treated patients with an acceptably reduced extra-articular distal 
radius fracture have a faster functional recovery and better functional outcomes 
after one year than non-operatively-treated patients (Chapter 13), the current 
guideline is the gold standard and the patient is subsequently treated with plaster 
immobilisation. The fracture of the ulnar styloid process is left untreated since we 
know that this concomitant fracture does not result in worse functional outcomes 
(Chapter 6). After one week the patient undergoes another wrist radiograph, 
in order to confirm if the fracture is still adequately reduced. The chance of 
redisplacement of the displaced distal radius fractures during conservative 
treatment is up to 60%, and up to 40% of patients undergo subsequent surgery 
(Chapter 11). Moreover, a specially designed calculator is unable to accurately 
predict which fractures have a high probability of secondary displacement and 
consequently should be considered for surgical treatment (Chapter 5).

The radiograph at the outpatient clinic shows redisplacement of the fracture and 
the patient and surgeon decide to go for open reduction and volar plate fixation. 
During this procedure the pronator quadratus is detached to accurately reduce 
and internally fixate the plate on the distal radius. Reinsertion of the pronator 
quadratus is not performed since it has been shown that there are no advantages 
of pronator quadratus repair (Chapter 7). Would the fracture have been left 
untreated at the first outpatient clinic appointment, this may have resulted in a 
symptomatic malunion. Malunions can be treated with a corrective osteotomy. 
This procedure shows acceptable functional results in the long-term with a PRWE 
score of 18.5 (Chapter 9). However, this score remains higher than the mean 
PRWE score of the normal population which is 7.7 points (Chapter 10).

After the surgery, the patient asks what he can expect of his wrist function after 
one year.  Operatively-treated patients with an acceptably reduced extra-articular 
distal radius fracture have better patient-reported outcomes compared to non-
operatively-treated patients, with a PRWE score of 4 versus 10 points, respectively. 
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Nonetheless, patients treated non-operatively and who undergo subsequent 
surgery have worse functional outcomes than patients treated operatively initially 
after one year, with a PRWE score of 13 versus 4 points, respectively (Chapter 13). 

Later that year the surgeon gets a call from a health insurance company. The 
employee tells him that there is substantial practice variation in the Netherlands 
and that his practice is an outlier since he treats a large number of patients 
with a displaced extra-articular distal radius fracture operatively (Chapter 2). 
The surgeon replies that treating a patient with a displaced extra-articular distal 
radius fracture operatively, costs €1676 less per QALY gained compared to non-
operative treatment.  Moreover, for patients with a paid job operative treatment 
costs €6851 less per QALY gained compared to non-operative treatment. In other 
words, volar plate fixation is a cost-effective intervention, especially in patients 
with a paid job (Chapter 14).

Future perspectives

In the current AWR implementation study patients were included by emergency 
physicians and surgical residents. However, in most hospitals patients are first 
evaluated by an Emergency Department triage nurse. Therefore, the next step will 
be to evaluate the implementation of the AWR when used by the ED triage nurses. 
We expect to have the results of this implementation study by the end of 2018.

Second, we are still not able to identify those patients who are at risk of losing 
reduction after a reduced distal radius fracture. Therefore, future research should 
aim on developing new prediction models to predict the chances of redisplacement 
to support shared decision making between physicians and patients.
Furthermore, in the absence of a well-defined and validated definition of what 
constitutes an acceptable reduction, international guidelines use different 
radiological thresholds. Future research should aim on finding specific thresholds 
for radiological parameters which correlate with patient-reported functional 
outcome. 

Third, the substantial variation in treatment of patients with a distal radius fracture 
in the Netherlands is difficult to explain. To minimize this treatment variation, 
scientific evidence should be provided. Especially for patients with a displaced 
intra-articular distal radius fracture no clear consensus exists. The inclusion of 
the VIPAR (Internal plate fixation versus plaster in complete articular distal radius 
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fractures) has recently been completed. We should await the results of this trial 
to conclude if patients with an acceptably reduced intra-articular distal radius 
fracture should be treated operatively or non-operatively. Moreover, for elderly 
patients with an unacceptable reduction the DART trial is currently recruiting 
patients to determine if these patients should be offered surgery or can be treated 
non-operatively.

Lastly, despite the better outcome after surgical treatment, health insurance 
companies might limit the indications for which they reimburse surgical treatment. 
This is mainly based on the higher direct costs for operative treatment instead 
of non-operative treatment. However, indirect costs due to loss of productivity 
should also be considered when evaluating the total costs for treatment. Therefore, 
health insurance companies should take this into account when deciding about 
reimbursement for distal radius fractures treatment. Future research on distal 
radius fracture treatment should therefore not only determine which treatment 
leads to the best functional outcome, but should also take into account health 
economic evaluations that consider both direct and indirect costs. This will provide 
necessary information for future distal radius fracture management.
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SAMENVATTING, IMPLICATIES EN 
TOEKOMSTPERSPECTIEVEN

Deel I: Huidig beleid voor distale radius fracturen

In Hoofdstuk 1 hebben we een enquête verricht onder orthopedische 
traumachirurgen om het huidige beleid omtrent distale radius fracturen te 
karakteriseren, waaronder de variatie in classificaties, afkapwaarden voor 
radiologische parameters die acceptabele repositie definiëren en indicaties voor 
chirurgische behandeling. Een totaal van 46 chirurgen en arts-assistenten namen 
deel aan de enquête. Consensus werd gevonden voor de AO/OTA-classificatie als 
de meest gebruikte classificatie, voor de definitie van een acceptabele volaire en 
dorsale kanteling, inclinatie, radiaire lengte en intra-articulaire gap of step-off, en 
voor conservatieve behandeling in plaats van operatieve behandeling bij patiënten 
met een acceptabel gereponeerde extra- en intra-articulaire distale radiusfractuur, 
ongeacht de leeftijd. Bovendien had operatieve behandeling de voorkeur bij 
patiënten jonger dan 75 jaar met een gedisloceerde distale radiusfractuur zonder 
een acceptabele stand na repositie. We concludeerden dat er consensus is over 
de meeste aspecten van het huidige beleid voor distale radius fracturen. Echter, 
er zijn nog geen eenduidige afkapwaarden voor de radiologische parameters, die 
acceptabele repositie definiëren, en verder onderzoek zal zich moeten buigen 
over de indicaties voor chirurgische behandeling. 

In Hoofdstuk 2 hebben we een retrospectieve cohortstudie uitgevoerd om de 
variatie in chirurgische behandeling van distale radiusfracturen in Nederland 
te onderzoeken. Gegevens over 95.754 vergoedingen voor de behandeling van 
distale radiusfracturen: 49.615 in 2012 en 46.39 in 2013 werden verkregen. 
Het percentage patiënten dat operatief werd behandeld varieerde van 0% 
tot 23% per ziekenhuis. Het aantal operatief behandelde patiënten was het 
hoogst in de universitaire ziekenhuizen. Het type ziekenhuis, de gemiddelde 
leeftijd, het percentage vrouwen en patiënten ouder dan 65, de gemiddelde 
sociaaleconomische status en het totaal aantal behandelde patiënten verklaarden 
in 2012 en 2013 slechts 2,6% en 11,6% van de waargenomen verschillen in het 
aantal operatief behandelde patiënten tussen de ziekenhuizen. Behoudens 
leeftijd was geen van deze variabelen onafhankelijk gecorreleerd aan de keuze 
voor operatieve behandeling. We concludeerden dat er een aanzienlijke variatie is 
in de behandeling van distale radius fracturen in Nederland, wat niet volledig kan 
worden verklaard door patiëntkarakteristieken of het type ziekenhuis. Met name 
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de voorkeuren van de chirurg blijken de overhand te hebben in de besluitvorming 
om patiënten met een distale radius fractuur wel of niet te opereren. De 
waargenomen variatie in het huidige beleid voor distale radius fracturen, laat zien 
dat er nog ruimte is voor verbetering ten aanzien van de kwaliteit van de zorg voor 
patiënten met een distale radius fractuur.

Deel II: Klinische beslisregels

In Hoofdstuk 3 hebben we een voor-en-na vergelijkende prospectieve cohortstudie 
uitgevoerd om het effect van implementatie van de Amsterdam Wrist Rules (AWR) 
op vier verschillende spoedeisende hulpen te evalueren. Alle opeenvolgende 
volwassen patiënten met een acuut trauma van de pols werden geïncludeerd. 
Patiënten werden geïncludeerd met behulp van de AWR smartphone applicatie. 
De absolute reductie in röntgenfoto’s van de pols na implementatie van de AWR 
was 15%. Eén klinisch irrelevante distale radius fractuur werd gemist door de 
aanbeveling van de AWR. Bovendien verbleven patiënten zonder distale radius 
fractuur die geen röntgenfoto van de pols kregen, 34 minuten korter op de 
spoedeisende hulp vergeleken met patiënten zonder distale radius fractuur die 
wel een röntgenfoto van de pols kregen. We concludeerden dat implementatie 
van de AWR op een veilige wijze het aantal röntgenfoto’s van de pols reduceert bij 
patiënten die worden verdacht van een distale radius fractuur, en bovendien zorgt 
voor een kortere verblijftijd op de spoedeisende hulp.

In Hoofdstuk 4 hebben we een kostenanalyse en budgetimpact analyse verricht 
van de implementatie van de AWR. Er werd een kostenminimalisatieanalyse 
uitgevoerd, die betrekking had op directe medische kosten en niet-medische 
kosten. Implementatie van de AWR resulteerde in een kostenbesparingen van 
€203.511 per jaar in Nederland. Als artsen zich in alle gevallen aan het advies van 
de AWR hielden, nam de kostenbesparingen toe tot € 610.248. We concludeerden 
dat implementatie van de AWR zou kunnen resulteren in een aanzienlijke 
besparing van de uitgaven in de gezondheidszorg.

Om te helpen voorspellen welke distale radius fracturen na repositie zullen 
redisloceren, is een klinische predictiemodel ontwikkeld door Mackenney en 
collega’s. In Hoofdstuk 5 hebben we een retrospectieve cohortstudie uitgevoerd 
om dit predictiemodel extern te valideren bij 99 patiënten met een conservatief 
behandelde gedisloceerde distale radius fractuur. Het predictiemodel van 
Mackenney voorspelde dat slechts drie distale radius fracturen zouden 

308 

Samenvatting, implicaties en toekomstperspectieven



A

redisloceren, terwijl feitelijk 61 distale radius fracturen binnen twee weken 
redisloceerden (sensitiviteit 1,6%). De area under the curve (AUC) van het 
predictiemodel van Mackenney was 0,47 (95% CI: 0,36-0,59), een waarde die 
aangeeft dat het model slecht kan discrimineren tussen patiënten waar wel 
en geen secundaire dislocatie zal optreden. We concludeerden dat, in onze 
patiëntenpopulatie, het predictiemodel van Mackenney een slechte voorspeller 
is voor secundaire dislocatie in patiënten met een conservatief behandelde 
gedisloceerde distale radius fractuur.

Deel III: Functionele uitkomsten na een distale radius fractuur

Ongeveer de helft van alle distale radius fracturen gaat gepaard met een fractuur 
van het processus styloideus ulnae. In Hoofdstuk 6 hebben we een meta-analyse 
uitgevoerd om te onderzoeken wat de klinische relevantie is van een fractuur van 
het processus styloideus ulnae in patiënten met een distale radius fractuur. Een 
totaal van 2.243 patiënten werden geïncludeerd; 1196 patiënten met en 1047 
patiënten zonder een fractuur van het processus styloideus ulnae. Een statistisch 
significant, maar klinisch onbelangrijk, verschil van 3,40 (95% BI 1,33 - 5,48) 
punten op de DASH-score werd gevonden in het voordeel van patiënten zonder 
een fractuur van het processus styloideus ulnae. Er werden geen significante 
verschillen gevonden tussen patiënten met en zonder een processus styloideus 
ulnae fractuur in PRWE-scores en in de andere secundaire uitkomsten na één jaar 
follow-up. Bovendien werden er geen significante verschillen gevonden tussen 
een fractuur van de basis en een fractuur van de tip van het processus styloideus 
ulnae, voor zowel de DASH- als de PRWE-score. We concludeerden dat patiënten 
met een distale radiusfractuur en een bijkomende fractuur van het processus 
styloideus ulnae dezelfde functionele uitkomsten hebben als patiënten zonder 
een bijkomende fractuur van het processus styloideus ulnae na één jaar follow-
up. Bovendien lijkt het niveau van de fractuur van het processus styloideus ulnae 
fractuur niet bij te dragen tot een verschil in functionele uitkomsten.

Tijdens volaire plaat fixatie voor distale radius fracturen wordt doorgaans de 
pronator quadratus losgemaakt aan de laterale en distale zijde. Het opnieuw 
vasthechten van de pronator quadratus kan theoretisch de volaire flexorpezen 
beschermen, omdat de plaat wordt bedekt, en bovendien pronatie van de 
pols ondersteunen. Echter is het nut van het terug hechten van de pronator 
quadratus niet bewezen. In Hoofdstuk 7 hebben we een literatuuronderzoek 
uitgevoerd om de functionele uitkomsten te bepalen van patiënten met een 
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distale radius fractuur die behandeld werden met volaire plaat fixatie waarbij wel 
en niet de pronator quadratus opnieuw werd vastgehecht. Een totaal van 169 
patiënten werd geïncludeerd, waarvan bij 95 patiënten de pronator quadratus 
opnieuw werd vastgehecht en bij 74 patiënten niet. Na 12 maanden follow-up 
werden geen statistisch significante verschillen in DASH-score en functie van de 
pols waargenomen. Bovendien waren de postoperatieve pijn en complicaties 
vergelijkbaar tussen beide groepen. We concludeerden daarom dat er geen 
voordelen zijn van het herstel van de pronator quadratus na volaire plaat fixatie.

Een van de redenen voor de toename van het gebruik van volaire plaatfixatie, 
is dat het een onmiddellijk stabiele fixatie biedt. Bovendien wordt aangenomen 
dat een anatomische repositie gecorreleerd is aan functionele uitkomsten. In 
Hoofdstuk 8 hebben we een meta-analyse uitgevoerd om de associatie tussen 
radiologische uitkomsten en door de patiënt gerapporteerde functionele 
uitkomsten te evalueren bij volwassenen patiënten met een gedisloceerde distale 
radius fractuur. Ten tweede wilden we bepalen welke specifieke radiologische 
parameters geassocieerd waren met door de patiënt gerapporteerde functionele 
uitkomsten. Een totaal van 1.961 patiënten met een gedisloceerde distale 
radius fractuur werden geïncludeerd. Een statistisch significant, maar klinisch 
onbelangrijk, verschil in door de patiënt gerapporteerde functionele uitkomsten 
van 4,15 punten (95% CI 0,26 - 8,04) in het voordeel van een acceptabele 
radiologische repositie werd gevonden. Bovendien werd een significant verschil 
gevonden in door de patiënt gerapporteerde functionele uitkomsten van 5,38 
punten (95% CI 1,69 - 9,07) in het voordeel van een acceptabele dorsale kanteling 
en 6,72 punten (95% BI 2,16 - 11,29) in het voordeel van een acceptabele ulnaire 
variantie. De verschillen waren echter klein en daarom niet klinisch belangrijk. 
Desalniettemin is radiologische repositie niet de enige factor die de functionele 
uitkomst beïnvloedt, daarom zal toekomstig onderzoek zich moeten richten 
op het vinden van specifieke voorspellers van door patiënten gerapporteerde 
functionele uitkomsten.

Een van de belangrijkste complicaties van conservatief behandelde gedisloceerde 
distale radius fracturen is een symptomatische malunion. In Hoofdstuk 9 hebben 
we een prospectieve cohortstudie uitgevoerd om de functionele lange-termijn 
resultaten van correctie osteotomieën voor symptomatische distale radius 
malunions te bepalen. Daarnaast wilden we bepalen of er verschillen waren in 
het gebruik van een graft versus geen graft. In totaal werden 48 opeenvolgende 
patiënten die een correctie osteotomie van de distale radius ondergingen 
geïncludeerd. De mediane tijd tot follow-up was 27 maanden. De mediane DASH- 
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en PRWE-score waren respectievelijk 10,0 (IQR 5,8 - 23,3) en 18,5 (IQR 6.5 - 37.0). 
Met uitzondering van pronatie en supinatie, waren de functie en de knijpkracht van 
de aangedane pols aanzienlijk minder in vergelijking met de niet-aangedane pols. 
VAS-pijnscores daalden significant van 6,5 preoperatief naar 1,0 postoperatief. 
Er waren geen significante verschillen in functionele uitkomsten tussen het 
gebruik van wel en geen graft. We concludeerden daarom dat een correctie 
osteotomie een effectieve methode is voor de behandeling van patiënten met 
een symptomatische distale radius malunion, met goede functionele uitkomsten 
op de lange termijn.

Om de functionele uitkomsten na een distale radius fractuur te bepalen, is 
het belangrijk om rekening te houden met door de patiënt gerapporteerde 
uitkomstmaten zoals de DASH- en PRWE -scores. In Hoofdstuk 10 hebben we 
een cross-sectioneel onderzoek uitgevoerd in de normale populatie om de 
normaalwaarden voor de PRWE-vragenlijst te bepalen. Daarnaast hebben we 
vastgesteld of er factoren zijn die de normaalwaarden van de PRWE-vragenlijst 
beïnvloeden. In totaal werden 1.042 deelnemers geïncludeerd. De mediane 
PRWE-score was 0 (IQR 0-8,5) en de gemiddelde score 7,7 (SD 15,0). Vrouwen 
hadden significant hogere scores in vergelijking met mannen en jongere personen 
hadden significant lagere scores. Bovendien hadden deelnemers met een 
voorgeschiedenis van pols- of handfracturen of chirurgie van de hand of pols, en 
deelnemers die arbeidsongeschikt waren significant hogere PRWE-scores. Socio-
economische status was niet gecorreleerd aan de PRWE-score. Het presenteren 
van de resultaten van een behandeling voor pols- of handletsels in het licht 
van normaalwaarden is veel representatiever dan alleen het presenteren van 
uitkomstscores. Uit deze studie kunnen we concluderen dat de normaalwaarde 
voor de PRWE 7,7 is. Met deze normaalwaarde kunnen we de resultaten van 
klinische onderzoeken interpreteren, en bovendien kan het ons ook helpen bij het 
evalueren van onze behandeling.

Deel IV: Moeten we patiënten met een gedisloceerde distale radius 
fractuur operatief behandelen?

Ondanks dat secundaire dislocatie wordt gezien in tot 60% van de gereponeerde en 
conservatief behandelde distale radius fracturen, bevelen internationale richtlijnen 
nog steeds conservatieve behandeling aan voor acceptabel gereponeerde distale 
radius fracturen. In Hoofdstuk 11 hebben we een retrospectieve cohortstudie 
uitgevoerd om de functionele uitkomsten van conservatief behandelde distale 
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radius fracturen met een acceptabele stand na repositie te bepalen. Daarnaast 
hebben we gekeken hoeveel patiënten er alsnog geopereerd moesten worden als 
gevolg van secundaire dislocatie. In totaal werden 116 volwassen patiënten met 
een conservatief behandelde distale radius fractuur met een acceptabele stand 
na repositie geïncludeerd. Na 12 maanden was de mediane DASH-score 15 (IQR 
5,8-28). Zesenveertig patiënten (40%) werden alsnog geopereerd, hetzij als gevolg 
van secundaire dislocatie waarvoor open repositie en plaatfixatie werd verricht 
of door een symptomatische malunion waarvoor een correctie osteotomie werd 
gedaan. Jongere patiënten hadden meer kans om alsnog geopereerd te worden. 
We concludeerden dat conservatieve behandeling van distale radius fracturen met 
een acceptabele stand na repositie na 12 maanden tot acceptabele functionele 
uitkomsten leidt, echter moet 40% van de patiënten alsnog worden geopereerd.

Het hoge percentage patiënten die alsnog moeten worden geopereerd, roept 
vragen op over de conservatieve behandeling van patiënten met een gedisloceerde 
distale radius fractuur. Om een    antwoord te geven op de vraag hoe patiënten met 
intra-articulaire en extra-articulaire gedisloceerde distale radius fracturen moeten 
worden behandeld (operatief dan wel conservatief), hebben we twee afzonderlijke 
multicenter gerandomiseerd gecontroleerde onderzoeken uitgevoerd: één gericht 
op de intra-articulaire gedisloceerde distale radiusfracturen (VIPAR studie), en 
de tweede gericht op de extra-articulaire gedisloceerde distale radiusfracturen 
(VIPER studie). In Hoofdstuk 12 is het ontwerp van de VIPAR studie beschreven. 
De VIPAR studie loopt momenteel in 21 ziekenhuizen en recent is de inclusie van 
patiënten voltooid.
In Hoofdstuk 13 hebben we de resultaten van de VIPER studie beschreven. 
Na acceptabele repositie werden 90 volwassenen met een extra-articulaire 
distale radiusfractuur tussen 18 en 75 jaar willekeurig toegewezen aan volaire 
plaatfixatie (47 patiënten) of gipsimmobilisatie (43 patiënten). Na 12 maanden 
waren de functionele uitkomsten significant beter in de operatieve groep dan 
in de conservatieve groep, weergegeven door lagere DASH- en PRWE-scores 
(DASH-score: 2,5 (0,0 - 12,7) versus 9,2 (1,7 - 17,7); p=0,02, PRWE-score: 4,0 
(0,0 - 12.6) versus 10.0 (3.0-27.0), p=0.02). Bovendien was de fysieke kwaliteit 
van leven significant beter bij patiënten die geopereerd werden (PCS: 54,4 (IQR 
49,7 - 58,8) versus 46,5 (IQR 41.1 - 54.7); p<0.001). Twaalf (28%) conservatief 
behandelde patiënten hadden binnen zes weken een secundaire dislocatie en 
ondergingen open repositie en volaire plaatfixatie, en zes patiënten (14%) hadden 
een symptomatische malunion waarvoor een correctie osteotomie werd verricht. 
We concludeerden dat patiënten van 18 tot en met 75 jaar met een acceptabel 
reponeerde extra-articulaire distale radiusfractuur behandeld met open repositie 
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en volaire plaatfixatie betere functionele uitkomsten hebben na 12 maanden in 
vergelijking met conervatief behandelde patiënten. Bovendien werd 42% van 
de conservatief behandelde patiënten alsnog geopereerd. Deze bevindingen 
suggereren dat operatieve behandeling de aangewezen behandeling is voor 
gedisloceerde extra-articulaire distale radius fracturen.

Ondanks de betere functionele resultaten van volaire plaatfixatie voor 
gedisloceerde extra-articulaire distale radiusfracturen, zijn de directe 
kosten van operatieve behandeling hoger in vergelijking met conservatieve 
behandeling. Gipsimmobilisatie kan echter leiden tot productiviteitsverlies of 
zelfs arbeidsverzuim, wat bijdraagt   aan de hoge kosten in de gezondheidszorg 
als gevolg van distale radius fracturen. Daarom hebben we in Hoofdstuk 14 
een economische evaluatie uitgevoerd van de VIPER studie. De gemiddelde 
totale kosten per patiënt waren lager in de operatieve groep dan in conservatief 
behandelde groep (verschil €273 (95% bcaCI -1587 tot 860)). Bovendien waren 
de quality adjusted life years (QALYs) na 12 maanden significant hoger in de 
operatieve groep dan in de conservatieve groep (verschil van 0,16 (95% bcaCI 
0,059 tot 0,266)). De kosten-batenverhouding bedroeg €1676 (95% bcaCI -13012 
tot 7440) per QALY, in het voordeel van volaire plaatfixatie. In subgroep analyse 
van patiënten met een betaalde baan, bedroeg de kosten-batenverhouding €6851 
(95% bcaCI -19588 tot 2468) per QALY, in het voordeel van volaire plaatfixatie. We 
concludeerden dat bij patiënten met een gedisloceerde extra-articulaire distale 
radius fractuur, volaire plaatfixatie een kosteneffectieve interventie is, vooral bij 
patiënten met betaald werk.

Implicaties

De implicaties van dit proefschrift zullen worden gepresenteerd als een casus. 
Een 57-jarige man valt tijdens het sporten op de uitgestrekte pols. Hij bezoekt 
de spoedeisende hulp van een groot opleidingsziekenhuis in een stedelijk gebied 
in Nederland. Op deze spoedeisende hulp worden de AWR toegepast omdat 
het tijd en kosten bespaart, en de kans op het missen van een klinisch relevante 
fractuur laag is (Hoofdstuk 3 en 4). De AWR smartphone applicatie geeft het 
advies om een röntgenfoto van de pols te maken. Op de röntgenfoto wordt 
een gedisloceerde extra-articulaire distale radius fractuur met een bijkomende 
fractuur van het processus styloideus ulnae gezien. De distale radius fractuur 
wordt gereponeerd met een acceptabele stand als eindresultaat. Op dit moment 
adviseert de huidige nationale richtlijn dat alle gedisloceerde distale radius 
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fracturen met een acceptabele stand na repositie dienen te worden behandeld 
met gipsimmobilisatie. De patiënt vraagt   echter aan zijn behandelend chirurg of 
hij geopereerd kan worden omdat hij graag zo snel mogelijk weer aan het werk wil 
gaan en wil sporten. Hoewel de VIPER studie aantoont dat operatief behandelde 
patiënten met een acceptabel gereponeerde extra-articulaire distale radius 
fractuur een sneller functioneel herstel hebben en na één jaar betere functionele 
resultaten hebben dan conservatief behandelde patiënten (Hoofdstuk 13), is de 
huidige richtlijn de gouden standaard en daarom wordt de patiënt vervolgens 
behandeld met gipsimmobilisatie. De fractuur van het processus styloideus ulnae 
blijft onbehandeld omdat we weten dat deze bijkomende fractuur niet resulteert 
in slechtere functionele uitkomsten (Hoofdstuk 6). Na een week wordt er opnieuw 
een röntgenfoto van de pols gemaakt om te bevestigen of de stand van de fractuur 
nog steeds acceptabel is. De kans op secundaire dislocatie tijdens conservatieve 
behandeling is tot 60%, en ongeveer 40% van de conservatief behandelde 
patiënten moet alsnog worden geopereerd (Hoofdstuk 11). Bovendien is een 
speciaal ontworpen predictiemodel niet in staat om nauwkeurig te voorspellen 
welke distale radius fracturen een hoge kans hebben op secundaire dislocatie, en 
waarbij operatieve behandeling overwogen moet worden (Hoofdstuk 5). 

De röntgenfoto toont een secundaire dislocatie van de fractuur en de patiënt en 
de chirurg besluiten om alsnog operatief te behandelen middels open repositie 
en volaire plaatfixatie. Tijdens deze procedure wordt de pronator quadratus 
losgemaakt om de volaire plaat op de distale radius te kunnen plaatsen en fixeren. 
Het opnieuw vasthechten van de pronator quadratus wordt niet uitgevoerd, 
omdat is aangetoond dat er geen voordelen zijn van het hechten van de pronator 
quadratus na volaire plaatfixatie (Hoofdstuk 7). Zou de fractuur onbehandeld zijn 
gebleven op de eerste afspraak op de polikliniek, dan zou dit tot een symptomatische 
malunion kunnen hebben geleid. Malunions kunnen worden behandeld met een 
correctie osteotomie. Deze procedure toont acceptabele functionele resultaten 
op de lange termijn met een PRWE-score van 18,5 (Hoofdstuk 9). Deze score blijft 
echter hoger dan de gemiddelde PRWE-score van de normale populatie die 7,7 
punten bedraagt   (Hoofdstuk 10).

Na de operatie vraagt   de patiënt wat hij na één jaar van zijn polsfunctie kan 
verwachten. Operatief behandelde patiënten met een acceptabel gereponeerde 
extra-articulaire distale radiusfractuur hebben betere functionele uitkomsten 
vergeleken met conservatief behandelde patiënten, met een PRWE-score van 
respectievelijk 4 versus 10 punten. Bovendien hebben patiënten die conservatief 
behandeld worden maar alsnog geopereerd moeten worden slechter functionele 
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uitkomsten na één jaar dan patiënten die meteen geopereerd worden, met een 
PRWE-score van respectievelijk 13 versus 4 punten (Hoofdstuk 13).

Later dat jaar krijgt de chirurg een telefoontje van een zorgverzekeraar. De 
werknemer vertelt hem dat er in Nederland een aanzienlijke variatie is in de 
behandeling van patiënten met een distale radius fractuur, en dat de chirurg 
een groot aantal patiënten met een gedisloceerde extra-articulaire distale radius 
fractuur operatief behandelt (Hoofdstuk 2). De chirurg antwoordt dat operatieve 
behandeling van een patiënt met een extra-articulaire distale radiusfractuur 
met acceptabele stand na repositie €1676 minder kost per gewonnen QALY dan 
conservatieve behandeling. Bovendien kost voor patiënten met een betaalde 
baan, operatieve behandeling €6851 minder per gewonnen QALY in vergelijking 
met conservatieve behandeling. Met andere woorden, volaire plaatfixatie is een 
kosteneffectieve interventie, vooral bij patiënten met betaald werk (Hoofdstuk 14).

Toekomstperspectieven

In de huidige AWR implementatiestudie werd de AWR toegepast door 
spoedeisende hulp artsen en arts-assistenten. In de meeste ziekenhuizen worden 
patiënten echter eerst beoordeeld door een triageverpleegkundige. Daarom zal de 
volgende stap zijn om de AWR te implementeren door de triageverpleegkundigen 
op de spoedeisende hulp. Naar verwachting zullen de resultaten van deze 
implementatiestudie eind 2018 beschikbaar zijn. 

Ten tweede zijn we nog steeds niet in staat om te identificeren welke patiënten 
het risico lopen op een secundaire dislocatie van een gereponeerde distale radius 
fractuur. Daarom moet toekomstig onderzoek zich richten op het ontwikkelen van 
nieuwe predictiemodellen die de kans op secundaire dislocatie voorspellen, ter 
ondersteuning van gedeelde besluitvorming tussen artsen en patiënten. Bovendien 
gebruiken internationale richtlijnen, bij afwezigheid van een eenduidige definitie 
van wat een acceptabele repositie is, verschillende radiologische afkapwaarden. 
Toekomstig onderzoek zal zich moeten richten op het vinden van specifieke 
afkapwaarden voor de verschillende radiologische parameters die correleren met 
de door de patiënt gerapporteerde functionele uitkomsten.

Ten derde is de aanzienlijke variatie in de behandeling van patiënten met een 
distale radius fractuur een fenomeen dat lastig is uit te leggen. Om deze variatie te 
verminderen, is meer wetenschappelijk bewijs nodig. Vooral voor patiënten met 

315 

Samenvatting, implicaties en toekomstperspectieven



A

een gedisloceerde intra-articulaire distale radiusfractuur bestaat er geen duidelijke 
consensus. De inclusie van patiënten in de VIPAR studie (volaire plaatfixatie versus 
gips in intra-articulaire distale radius fracturen) is recent voltooid. We moeten 
echter wachten op de resultaten van deze studie om te kunnen concluderen of 
patiënten met een intra-articulaire distale radius fractuur met een acceptabele 
stand na repositie operatief of conservatief moeten worden behandeld. Bovendien 
is voor oudere patiënten met een distale radius fractuur en een inacceptabele 
stand na repositie de DART studie opgezet. Deze studie includeert momenteel 
patiënten en zal uiteindelijk antwoord geven op de vraag of oudere patiënten 
met een distale radius fractuur met een inacceptabele stand na repositie moeten 
worden geopereerd of niet.

Tot slot, ondanks de betere functionele uitkomsten na chirurgische behandeling, 
zouden zorgverzekeraars de indicaties waarvoor ze chirurgische behandeling 
vergoeden kunnen beperken. Dit is voornamelijk gebaseerd op de hogere directe 
kosten voor operatieve behandeling vergeleken met conservatieve behandeling. 
Indirecte kosten als gevolg van productiviteitsverlies moeten echter ook worden 
meegenomen bij de evaluatie van de totale kosten van de behandeling. Daarom 
moeten zorgverzekeraars hier rekening mee houden bij het nemen van een 
beslissing over vergoedingen ten aanzien van de behandeling van distale radius 
fracturen. Bovendien dient toekomstig onderzoek naar de behandeling van distale 
radius fracturen daarom niet alleen te bepalen welke behandeling leidt tot de 
beste functionele uitkomsten, maar zal er ook gekeken moeten worden naar de 
kosteneffectiviteit van de behandeling waarbij zowel directe als indirecte kosten 
in overweging dienen te worden genomen. Dit zal relevante informatie opleveren 
voor toekomstig beleid omtrent distale radius fracturen.
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DANKWOORD

Terugkijkend naar de afgelopen jaren, hebben er veel mensen direct en indirect 
bijgedragen aan de totstandkoming van dit proefschrift. De afgelopen vier jaar zijn 
in vogelvlucht voorbij gegaan, mede dankzij enkele inspirerende en bijzondere 
personen op de werkvloer maar ook daarbuiten. Een aantal van deze personen 
zou ik dan ook graag in het bijzonder willen bedanken.

Beste Prof. dr. Goslings, beste Carel, dank voor de kans die je me hebt gegeven 
om fulltime onderzoek te komen doen op de Trauma Unit. Jouw enthousiasme en 
nauwkeurigheid in zowel de wetenschap als in de kliniek zijn inspirerend. Tijdens 
onze korte, maar zeer efficiënte wekelijkse besprekingen wist jij altijd richting te 
geven waar nodig. Dank dat jij er was om het proces te bewaken en me op alle 
momenten scherp te houden met een uiteindelijk doel in zicht: het proefschrift. 
Dank ook dat je er voor mij was op andere (belangrijke) momenten buiten het 
AMC. Ik bewonder je keuze om na zo veel jaren je toegewijd te hebben aan de 
wetenschap, je nu weer kiest voor de patiëntenzorg. Ik zie het als een voorrecht 
dat ik nu samen met je mag werken in (het) OLVG en hoop in de toekomst nog veel 
van je te mogen leren en met je te mogen samenwerken.

Beste dr. Schep, beste Niels, ouwe, jouw enthousiasme over de hand en pols is 
aanstekelijk. Ik vind het bewonderingswaardig hoe jij mensen weet te grijpen met 
je enthousiasme en kennis, en ben dan ook altijd trots om jou mijn copromotor 
te mogen noemen. Promoveren onder jouw hoede was een feest. Ook al was je 
na een half jaar al naar Rotterdam vertrokken en werden mijn zelfredzaamheid en 
oplossingsvermogen meerder malen op de proef gesteld, jij wist altijd precies de 
vinger op de zere plek te leggen. Ik houd van je directheid, welke zich ook uit in je 
korte mailtjes zonder leestekens. Af en toe een bericht dat ik iets goed had gedaan, 
maar ook zo nu en dan een boze email omdat er weer wat ‘Frank de Boertjes’ in mijn 
manuscript verstopt zaten (je weet ook dat ik dat alleen maar deed om jou scherp 
te houden). Mijn dank is zeer groot dat ik onder jouw hoede dit proefschrift heb 
mogen schrijven en ik hoop dat ik in de komende jaren nog veel met je mag blijven 
samenwerken, zowel wetenschappelijk als ook hopelijk ooit een keer in de kliniek.

Beste leden van de promotiecommissie, dr. Schepers, Prof. dr. Eygendaal, Prof.
dr. Schipper, Prof. dr. Verhofstad, Prof. dr. Van Rijn, Prof. dr. Coert en dr. Strackee, 
hartelijk dank dat u zitting wilt nemen in de promotiecommissie en veel dank voor 
het beoordelen van mijn proefschrift.
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Secretaresses van G4, Ingrid, Els, Indra, Joke, maar in het bijzonder Jacq! Jij bent 
echt een topper. Wat zouden we moeten zonder jou..?!

Dank aan alle patiënten die deel hebben genomen aan de onderzoeken van dit 
proefschrift, in het bijzonder de VIPER en VIPAR studie.

Dank aan alle chirurgen, spoedeisende hulp artsen en arts-assistenten van alle 
deelnemende ziekenhuizen van de Amsterdam Wrist Rules, en de VIPER en VIPAR 
studie voor het includeren van patiënten voor deze studies. Zonder jullie waren 
deze studies nooit in dit proefschrift verschenen.

De Trauma Unit; Vincent, Tim, Rolf, Peter, Jens en Jan, maar ook (inmiddels) oud-
fellows Frank, Annebeth, Ivar en Mark, dank voor al jullie (wetenschappelijk) input 
tijdens de Trauma Unit researchbespreking of tijdens een koffie op het Voetenplein, 
en de mooie momenten, voornamelijk aan de bar, op de vele congressen samen.

De traumaresearch-buddies; Mo, Ballie, Kaij, RJ, Manouk, Siem, Birnie, Fay en 
Caroline. Dank voor alle gezelligheid, wijze adviezen, en mooie momenten op de 
vele meetings en congressen samen. Mo, dank dat je mij de kans heb gegeven je 
onderzoek over te nemen. Volgens mij hebben we het tot een mooi einde gebracht. 
Caroline, heel veel succes het met afmaken van de VIPAR en de RADAR studie, ze 
zijn in goede handen bij jou. Nieuwe aanwinst Dorien, veel succes met het vervolg 
van de Amsterdam Wrist Rules. Siempre, vanaf maatjes in het Flevo, naar trauma-
maatjes, en wie weet waar in de toekomst nog meer. Ons onderzoek heeft ons 
samen op wat mooie plekken gebracht. Ik vind het bewonderingswaardig dat jij je 
proefschrift nog af hebt gekregen na al die uren dumpert. Jij mag over 3 weken!

Alle G4-onderzoekers; dank voor de ruim drie jaar dat ik met jullie op G4 heb mogen 
vertoeven. De vele koffies op het Voetenplein, lunches en borrels op vrijdag, de 
skiweekenden en assistenten-onderzoekersweekenden, en natuurlijk Sinterklaas-
avonden waren een mooie afleiding tijdens het schrijven van dit proefschrift.

In het bijzonder wil ik bedanken de steeds minder-mannige gang. Zoals de naam 
het al zegt, vertoeven er inmiddels meer vrouwen in deze ‘cubicle-lane’ dan 
mannen. Het was elke dag een plezier om naar mijn werk te gaan omdat ik wist 
jullie daar te kunnen aantreffen. De deuren stonden altijd open, er werden vele 
grappen gemaakt en wijsheden gedeeld. Hoewel we elkaar inmiddels niet meer 
dagelijks zien, blijven we gelukkig wel contact houden buiten het ziekenhuis om. 
Jasper, RJ, Wern, Siem, Fleur en Lot, dank voor jullie vriendschap.
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Lieve Manouk, Margriet, Jony en Q. Jullie waren collega’s, maar zijn inmiddels al 
lang meer dan dat. 

Lieve Lot, ik ben trots op je dat je naar je gevoel hebt geluisterd en zo’n dappere 
beslissing hebt durven te nemen. Nog even en jouw boekje is ook af, en dan door 
naar het volgende avontuur!

Jan, ‘founding partner’, dank dat jij bijna 2 jaar met mij je kamer hebt willen delen. 
Het was een mooie tijd.

Alle chirurgen en (oud-)assistenten van het Maasstad Ziekenhuis. Dank dat jullie 
mij als 020-er welkom hebben laten voelen in 010. Dank ook voor de mooie 
avonden tijdens onder andere de skivakantie en het Heerendiner.

Alle chirurgen en (oud-)assistenten uit het Flevoziekenhuis; dank voor de mooie, 
leerzame maar met name ook erg leuke tijd. Beste dr. In ’t Hof, Klaas, dank dat jij 
mij op het hockeyveld hebt overgehaald om te komen werken in Almere. 

Alle chirurgen en assistenten van (het) OLVG; dank dat ik na mijn onderzoek bij 
jullie opnieuw aan de slag mocht. Er zijn pas vier maanden verstreken, maar het 
voelt nu toch al als thuiskomen. De goede sfeer in de groep zorgt er mede voor 
dat ik elke dag met veel plezier naar mijn werk fiets. Dr. Gerhards, beste Michael, 
dank voor het vertrouwen vanaf het eerste moment.

Vriendinnen van DIS ’05. Ook al hebben onze levens de afgelopen jaren serieuze 
vormen aangenomen, gelukkig blijven we elkaar nog vaak genoeg zien voor een 
borrel en een goed gesprek. Dank voor al meer dan 13 jaar vriendschap.

(Oud-)Teamgenootjes van Hurley D3, dank voor de ontspanning buiten het werk. 
In het bijzonder Bet, Julie, Carlijn, Wieke en Juliette, jullie zijn extreem sportief en 
ambitieus, en alles wat jullie doen gaat samen met veel plezier. Dank voor jullie 
adviezen, steun op belangrijke momenten, sportieve uitdagingen, vriendschap en 
met name goede grappen.

Lieve alleroudste vriendinnetjes Myrthe, Niki, en Sophie. Dank voor jullie trouwe 
vriendschap. Op naar de volgende 20 jaar?
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Boston love, Annemarie, Felice, Hanneke en Lotte, sinds Boston zijn we 
onafscheidelijk. Wat was het half jaar dat we samen hebben doorgebracht een 
inspirerende periode en bouwsteen voor onze vriendschap. Jullie zijn allen 
extreem ambitieus, kiezen allemaal je eigen pad en zijn super succesvol in wat 
jullie doen. Dank voor al jullie steun op bepaalde momenten, goede adviezen en 
voornamelijk onvoorwaardelijke vriendschap.

Laffe wormen, Marijke, Joep, Paul en Pim, nu ik dit zo schrijf bedenk ik me dat 
deze naam (helaas) voor altijd vereeuwigd zal blijven. Dank voor de intellectuele 
uitdagingen waar jullie me telkens weer aan bloot stellen.

Lieve schoonfamilie, dank voor jullie interesse en alle heerlijke Brabantse 
worstenbroodjes. Nu Frans nog.

Mijn paranimfen; Thom, mijn kleine grote broer. Ik ben ontzettend trots op jouw 
doorzettingsvermogen en jouw drive om het beste uit het leven te halen en te 
doen wat je leuk vindt. Daarnaast ben je goudeerlijk en schroom je niet om kritisch 
te zijn op de keuzes die ik maak. Onze band is sinds we allebei in Amsterdam zijn 
gaan wonen heel erg gegroeid, met als hoogtepunt onze trip naar IJsland. Ik ben 
je heel erg dankbaar dat je deze dag naast mij wilt staan.

Cris, liefste vriendin, al meer dan 13 jaar hebben wij zo’n hechte vriendschap dat 
wij alles met elkaar delen. Leuke momenten, maar ook zwaardere momenten, 
jouw onvoorwaardelijke steun en oprechtheid zorgen dat ik altijd bij jou terecht 
kan. Ik vind het mooi om te zien hoe jij in elke situatie wel weer het positieve kan 
zien en ben trots op je hoe jij je baan als ondernemer en drukke gezinsleven met 
elkaar combineert. Ik vind het heel bijzonder dat je deze dag naast mij wilt staan.

Lieve papa en mama, wat zou ik zonder jullie moeten beginnen? Jullie 
onvoorwaardelijke steun en vertrouwen hebben er voor gezorgd dat ik hier nu sta. 
Altijd stonden jullie voor Thom en mij klaar. Of het nou was om elke week op en 
neer te rijden naar de districtstraining, of de kansen die jullie mij hebben gegeven 
om mijn hockey met studie te kunnen combineren of naar Bosten te gaan, niks 
was te gek. Ik ben jullie erg dankbaar voor de aanmoedigingen en steun die ik mijn 
hele leven heb gehad om te doen en te kiezen wat goed voelde. Jullie waren mijn 
grootste fan tijdens de afronding van dit proefschrift, en ik ben dan nu ook super 
trots om aan jullie te kunnen laten zien wat het geworden is.
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Lieve Frans, met jouw positieve en ontspannen houding in het leven dwing jij 
mij af en toe om even stil te blijven staan en met name te ontspannen. Met 
jouw flauwe grappen probeer je aan elke situatie een positieve (en soms ook 
onbedoeld ongemakkelijke) draai te geven. Ik ben je erg dankbaar voor al je steun 
het afgelopen jaar, voor dit proefschrift maar ook daar buiten, en ik kijk uit naar 
de toekomst samen met jou.
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