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General introduction and outline 
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Chapter 1

Distal radius fractures are one of the most common fractures in the emergency department. 
Of all diagnosed fractures, approximately 17% is a distal radius fracture. One third of 
these fractures are non-displaced (1-4). The highest rates of distal radius fractures occur 
in patients with the age between 75 and 84 years old. In the age range above 60 years, 
these fractures are more commonly seen in female patients with a ratio of 2.3 (2). With 
regards to treatment, non-operative treatment with cast immobilization is the treatment 
of choice in the majority of the patients with non-displaced or minimal displaced distal 
radius fractures (5, 6).

In recent years, there has been an increased interest in surgical treatment of distal 
radius fractures, caused by upcoming minimal invasive surgical treatment techniques 
such as volar locking plate surgery. Also, recent literature has mainly focused on treatment 
options for unstable distal radius fractures for which several treatment modalities, mainly 
surgical options, have been advocated (7, 8). As a consequence, in the literature little 
attention has been paid to the treatment of stable distal radius fractures. This thesis will 
therefore focus on clinical decision-making and treatment of non-operative treated distal 
radius fractures.

During the introduction of this thesis, a short explanation of the anatomy and 
classification systems for distal radius fractures will be discussed, radiographic parameters 
and how to diagnose a distal radius fracture will be described and finally the treatment 
for stable distal radius fractures will be discussed. At the end of this chapter, the outline 
of this thesis can be found.

Anatomy
The wrist consists of the distal radius and ulna, eight carpal bones, the bases of five 
metacarpal bones, more than 20 radiocarpal, intercarpal and carpometacarpal joints and 
serves as a bridge between the hand and forearm. It plays a significant role in flexion/
extension, ulnar and radial deviation of the wrist and pro- and supination of the arm (9).

The anatomy of the hand consists of 27 bones, including eight carpal bones, five 
metacarpals and 14 phalanges, see figure 1. The carpal bones are part of the anatomy of 
the wrist and therefore this thesis will only focus on the anatomy of the carpal bones. The 
carpal bones can be described as seven true bones and one sesamoid bone, the pisiforme, 
figure 1. The scaphoid, lunate, triquetrum, pisiform are part of the proximal row of the 
carpal bones. The trapezium, trapezoid, capitate and the hamate are part of the distal row 
of the carpal bones. The radiocarpal, midcarpal and carpometacarpal joints are formed 
by these rows. The stability of the carpal bones relies on ligaments and articular surface 
anatomy of the wrist (10). Due to this relation of carpal bones, ligaments and articular 
surface, ligament injuries after a wrist injury can lead to carpal instability and wrist pain (10).
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Figure 1 Anatomy of the hand and wrist, (10).

Figure 2 Different views of the distal part of the radius.>

The distal radius is part of the wrist and articulates with the scaphoid bone via the scaphoid 
fossa, the lunate bone via the lunate fossa and the distal ulna via the sigmoid notch, see 
figure 1 and 2. It is responsible for 80% of the axial load and is supplied by the radial, ulnar 
and anterior and posterior interosseous arteries and branches from the radial and ulnar 
artery, see figure 3 (11).

1
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Figure 3 Arterial supply of the wrist. (Sabotta used as example).

The distal radius can be divided in three columns: the radial, intermediate and ulnar column. 
The radial column (anterior and lateral surface) includes the radial styloid and scaphoid 
fossa. It provides attachment sites for the brachioradialis tendon, long radiolunate ligament 
and radioscaphocapitate ligament. The radial column prevents radial carpal translation 
and functions as a load bearing platform for activities using the wrist in ulnar deviation. 
It also provides a more uniform distribution of load across the scaphoid and lunate facets 
by creating radial length to the carpus. The intermediate column (anterior and posterior 
surface) includes the lunate fossa and transmits load from the carpus to the forearm. The 
ulnar (medial surface) column includes the triangular fibrocartilage complex, distal ulna 
and the distal radial ulnar joint. The ulnar column plays an essential role in wrist and 
forearm motion function and the stability of the distal radial ulnar joint (12).

Function
Wrist and forearm function are complex which has led to the development of several 
theoretical concepts during the last years. First, the “row” theory which organizes the 
carpal rows into a proximal and distal row. The wrist flexion and extension occur between 
the two rows at the midcarpal joint and ulnar and radial deviation occurs through the 
articulation of the scaphoid with the radius at the radiocarpal joint (13, 14). Second, the 
“column” theory organizes the carpal bones into a radial, central and ulnar column. Wrist 
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flexion and extension then occurs through the central column. Ulnar and radial deviation 
occurs by rotations of the radial and ulnar column around the central column (14). See 
figure 4.

Figure 4 Wrist and forearm function theories, (14). 

In addition to these two theories, a third theory proposes that during radial and ulnar 
deviation there is also a degree of flexing and extending of some of the carpal bones. 
During radial deviation the scaphoid and lunate bones are flexing and extending during 
ulnar deviation of the wrist. In other words, during a path from wrist radial-extension 
to ulnar-flexion, nearly all wrist motion occurs at the midcarpal joint. This direction of 
coupled motion is referred to as the dart thrower’s path (13, 15, 16). See also figure 5. The 
dart thrower’s path is one of the most important theories. Crisco and colleagues showed 
that the mechanical axis of the wrist is oriented along the dart-thrower’s plane (17). Several 
other studies showed that this is one of the fundamentals of wrist function and motions 
such as throwing, hammering and many other occupational and household activities (18, 19).

Besides these three theories, pro- and supination may also influence the course of 
motion and carpal and wrist kinematics. The distal radial ulnar joint ensures pronation and 
supination. The radius revolves around a nearly fixed ulna through the distal radial ulnar 
joint (20). Kane and colleagues showed that pronation and supination forearm positioning 
does not influence range of motion of the wrist (20). However, pronation and supination 
does affect radioulnar, radiocarpal and ulnarcarpal ligamentous tension and lengths. These 
ligaments provide stability to the carpal bones, especially to the distal radial ulnar joint 
and therefore wrist stability (21, 22).

1
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Figure 5 Different functions of the wrist (14).

However, as mentioned earlier, wrist and forearm function and kinematics are complex. 
There are many factors that can influence wrist kinematics as for example pain, ipsilateral 
joint involvement, and systemic disease. Wrist kinematics and its function is multifaceted 
and it is therefore important to understand the kinematics and function of the wrist for 
understanding the influence of pathologies after an injury of the wrist on the function (14).

Classification of distal radius fractures
Several classification systems have been made for distal radius fractures. The earliest 
classifications included eponyms as, for example, Colles, Smith and Barton fractures. 
During the last 70 years, there have been at least 15 classifications for adult distal radius 
fractures. Shehovych and colleagues reviewed these classification systems and ordered 
them in a timeline, see figure 6 (23).

Figure 6 Timeline for distal radius fracture classification systems (23).

There are seven classification systems which are often used and seen as the main 
classification systems. These are the Gartland and Werley, Olders, Frykman, Melone, 
Arbeitsgemeinschaft für Osteosynthesefragen (AO), Mayo, Fernandez and Universal 
classification. For this thesis we used the AO classification, one of the most frequently 
used classification systems for distal radius fractures, see figure 7 (23).
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Figure 7 The Müller AO Classification of distal radius fracture. Copyright by AO Foundation, Switzerland.

The AO classification was developed in 1986 by the Swiss Association for the Study of 
Internal Fixation. The 23 (as visible in figure 7) AO classification stands for the forearm and 
distal part of the forearm. The A stands for extra articular fractures, B for partly articular 
and often shear fractures and the C for intra-articular fractures. The AO classification 
is often used in research with a moderate agreement for interobserver reliability and 
reproducibility (kappa > 0.6) (24).

Radiographic parameters
Radiographic evaluation of a distal radius fracture should include posterior-anterior 
(PA), lateral and oblique views. For the PA view several radiographic parameters can be 
measured. Radial height is the difference in axial length between the tip of the radial 
styloid and the central reference point (a reference point midway between the volar and 
dorsal ulnar corners of the radius). The ulnarward inclination of the articular surface is 
the angle between the long axis of the radial shaft and the central reference point. The 
ulnarward inclination is often referred to as radial inclination. The ulnar variance can be 
measured using the PA view, which is the difference in axial length between the ulnar 
corner of the distal radius or central reference point and the most distal extent of the ulnar 
head, see figure 8 and 9 (25).

Figure 8 Anterior - posterior view 1 (25)  Figure 9 Anterior - posterior view 2 (25)

1
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Using the lateral view, the AP distance and angulation of the articular surface can be 
measured. The AP distance is the distance between the apex of the dorsal rim and the 
apex of the volar rim of the lunate facet (25). The angulation of articular surface is the 
angle formed between a perpendicular to the longitudinal axis of the radial shaft and a 
line formed by connecting the apex of the volar and dorsal rim, see figure 10 and 11 (25).

Figure 10 Lateral view 1 (25)   Figure 11 Lateral view 2 (25)

To classify a fracture and most importantly to diagnose if a fracture is stable or not and 
intra-articular or not, the lateral, PA and oblique views need to be used. For example, the 
lateral views are necessary to look for dorsal or volar angulation and PA views are often 
used for intra-articular involvement and impaction/shortening of the fracture. For research, 
all measurements are necessary. In actual practice, we sometimes measure angulation of 
the fracture, but especially intra-articular involvement, angulation, and radial height are 
deemed important.

An example of normal values for these radiographic parameters were provided by Medoff 
and colleagues. For the AP view the radial inclination average is 23-24°, radial height was 
11-12 mm and ulnar variance was -0.6 mm. For the lateral view, the average for PA distance 
was 19.1 mm and for volar tilt 11.2° (25).

A computer tomography (CT) scan is often only performed when the fracture is intra-
articular and needing an operation for anatomical repair. As this thesis is about the 
conservative treatment of distal radius fractures, CT scan will not be further explained.

Diagnostic and radiographic evaluation
Although wrist fractures are very common, diagnostics and treatment for wrist fractures 
is not always based on evidence or guidelines. For example, 39% of patients with wrist 
trauma have a fracture but almost all of these wrist trauma patients are referred for 
radiography (26-28). There are no clear clinical criteria that indicate when a patient requires 
a radiograph. Walenkamp and colleagues therefore derived and validated a clinical 
decision rule for wrist fractures, the Amsterdam Wrist Rule (29). The Amsterdam Wrist Rule 
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has a sensitivity of 98% and negative predictive value of 90%. During an implementation 
study for the Amsterdam Wrist Rule, it was shown that the absolute reduction in number 
of performed radiographs for wrist injuries was 15% (30).

After a patient is diagnosed with a distal radius fracture the following question is 
often asked: is the fracture stable and/or displaced or not? What classifies a distal radius 
fracture as minimal or non-displaced is not clearly described in most of the distal radius 
fracture guidelines or literature. The following criteria can be found for minimally displaced 
distal radius fractures: volar tilt ranging from -5° to 20° and/or ulnar variance < 2 mm 
(3). However, most of the studies on treatment or diagnosis for distal radius fractures 
do not define minimal or non-displaced fractures. This is supported by the notion that 
it is also unclear what degree of malalignment of a distal radius fracture benefits from 
reduction (31, 32). In addition to the question for when to reduce a distal radius fracture, we 
need to know when a fracture is unstable and needs an operation. Recent literature does 
describe predictors of unstable distal radius fractures. In 1989 five predictors of fracture 
instability were described by Lafontaine and colleagues (33). The five predictors were 
dorsal angulation exceeding 20 degrees at presentation, dorsal comminution, extension 
of the fracture into radiocarpal joint, an associated ulna fracture and age over 60 years 
(33). Walenkamp and colleagues recently conducted a systematic review on predictors for 
secondary displacement (unstable distal radius fractures) and found that patients above 
the age of 60-65 years old, female gender and dorsal comminution were associated with 
secondary displacement (34).

If patients eventually receive closed reduction, it is important to know when the 
reduction is adequately performed and whether the change of secondary displacement 
is limited. Several criteria have been advocated and are predominantly based on expert 
opinion. Adequacy of alignment means that a surgeon feels non-operative treatment 
is an option. Various definitions of acceptable alignment are provided in publications 
and national guidelines (7, 35-37). The following criteria are often described: less than 
10-15 degrees dorsal angulation of the articular surface on the lateral radiograph, less 
than 2-millimeter articular step or gap, and less than 3 millimeters of ulnar variance (7, 38, 
39). Mulders and colleagues surveyed a small subset of European surgeons at an annual 
meeting using an audience survey tool and found that more than half the participants 
agreed on the following thresholds for acceptable reduction: radial inclination greater than 
15 degrees, radial height greater than 5 mm, dorsal angulation no more than 10 degrees, 
volar angulation no more than 15 degrees, and intra-articular gap or step off less than 2 
mm (40). There was no consensus on ulnar variance. These criteria are consistent with the 
criteria described by the American Association of Orthopaedic Surgery and the Dutch 
Guideline for Distal radius fractures (7, 37).

Treatment and post-traumatic pain
As mentioned earlier, there are few studies that have investigated treatment options for 
non-operatively treated distal radius fractures. Due to the lack of evidence, and as a result 

1
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wide practice variation, a good treatment modality for non-reduced distal radius fractures 
is important.

Recent studies have shown that a long period of immobilization can lead to more post-
traumatic pain by increasing disuse and kinesiophobia (41-43). These studies also show that 
early mobilization after a period of plaster cast reduces the incidence of post-traumatic 
pain including complex regional pain syndrome (CRPS).
CRPS is described as a post-traumatic pain syndrome combined with an autonomic disorder 
(44, 45). The diagnosis is based on a combination of symptoms reported by the patient and 
signs observed during physical examination by the physician. CRPS-1 can be diagnosed 
after three months, the normal healing time for most fractures (45). The validated Budapest 
criteria are internationally accepted in clinical practice and research for diagnosing CRPS 
(46). The treatment and perspectives on treatment for CRPS have changed the last couple 
of years (47). National and international guidelines showed that drug treatment in patients 
with chronic CRPS had limited effects (48). After the introduction of several more cognitive 
and behavioral treatment methods, such as pain exposure in physical therapy (PEPT) and 
exposure in vivo, it appeared that disuse and kinesiophobia played an important role in 
the maintenance of CRPS (4, 43, 49, 50).

For distal radius fractures there is a Dutch guideline which dates from 2010 (7). The 
advice given for stable distal radius fracture, is treatment with cast or brace for one 
to three weeks. Despite this advice, the usual care often consists of a longer period of 
immobilization for these kinds of fractures. There are local protocols that proclaim four-
six weeks of plaster cast treatment. There are several studies from the nineties showing 
that plaster cast treatment for a stable distal radius fracture for one week is safe and 
effective. However, the evidence for one week of immobilization for non-reduced distal 
radius fractures is low (51, 52). A systematic review on duration of cast immobilization for 
distal radius fractures from 2018 showed that six out of 12 studies looked at non-displaced 
distal radius fractures. The systematic review found that an immobilization period of three 
weeks or less is equally as effective as longer immobilization on the stability of the fracture 
and might be associated with better functional outcome (53). Not only the stability of the 
fracture is important, but functionality and time to return to work or activities after an 
injury are often the most important aspect of fracture treatment for patients.

Outline of thesis
One of the most common fractures seen in the emergency department (ED) is a wrist 
fracture. Nearly 17% of all fractures seen in the ED are distal radius fractures (1, 3). 
Diagnostical tests and treatment options are changing fast due to growing interest in 
research for distal radius fractures. This thesis aims to improve diagnosis, clinical decision-
making and treatment for non-operative treated distal radius fractures.
In part I, this thesis focuses on the daily practice and diagnostics for distal radius fractures. 
Can we reliably recommend when to reduce a fracture? In other words, when does a 
fracture benefit from reduction? This is discussed in chapter 2. Additionally, if a fracture is 
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reduced, when can we say a fracture is adequately reduced and does not need operative 
treatment? Chapter 3 will focus on adequacy of the performed reduction.
Patients who are treated non-operatively are often immobilized for several weeks. 
However, long immobilization periods tend to give more pain complaints due to disuse. 
For example, the study of Terkelsen et al. showed that participants who did not have a 
fracture but received plaster cast for four weeks scored positive for Complex Regional Pain 
Syndrome (CRPS) like symptoms (42). The main focus of part II of this thesis is therefore 
post-traumatic pain. Chapter 4 and 5 investigate the incidence of CRPS after a distal 
radius fracture while using a home exercise program. The latest incidence of CRPS in the 
Netherlands is provided in Chapter 6.
The length of the immobilization period for distal radius fractures may be associated 
with the incidence of post-traumatic pain. The Dutch guideline states that non-displaced 
distal radius fractures may be treated with plaster cast for one to three weeks (7). Part III 
focuses on investigating if one week of plaster cast is feasible for non-reduced distal radius 
fractures. Chapter 7 describes the results from the multicenter randomized feasibility 
study. Future perspectives and the protocol for a national study are provided in chapter 8.
At the end of this thesis there is a discussion section with future perspectives (Chapter 9) 
and a general summary written in English (Chapter 10) and Dutch (Chapter 11).

1
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ABSTRACT

Background and purpose 
It is unclear what degree of malalignment of a fracture of the distal radius benefits from 
reduction. This study addressed the following questions: (1) What is the interobserver 
reliability of surgeons concerning the recommendation for a reduction for dorsally 
displaced distal radius fractures? (2) Do expert-based criteria for reduction improve 
reliability or not?

Methods
Two surveys were sent to a group of international hand and fracture surgeons. On the first 
survey, 80 surgeons viewed radiographs of 95 dorsally displaced (0° to 25°) fractures of the 
distal radius. The second survey randomized 68 participants to either receive or not receive 
expert-based criteria for when to reduce a fracture and then viewed 20 radiographs of 
fractures with dorsal angulation between 5° and 15°. All participants needed to indicate 
whether they would advise a reduction or not.

Results 
In the first study, the interrater reliability of advising a reduction was fair (kappa 0.31). 
Multivariable linear regression analyses indicated that each additional degree of dorsal 
angulation increased the chance of recommending a reduction by 3%. In the second study, 
reading criteria for reduction did not increase interobserver reliability for recommending 
a reduction.

Interpretation
There is notable variation in recommendations for reduction that is not accounted for 
by surgeon or patient factors and is not diminished by exposure to expert-based criteria. 
Surgeons should be aware of their biases and develop strategies to inform patients and 
share the decision regarding whether to reduce a fracture of the distal radius.
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INTRODUCTION

Many aspects of distal radius fracture (DRF) management are debated (1, 2). For example, 
it is unclear what degree of malalignment of a DRF benefits from reduction (3, 4). Some 
guidelines address criteria for the adequacy of a reduction, but less is written about 
recommendations for when to reduce a fracture. The Clinical Practice Guideline from the 
American Academy of Orthopedic Surgeons and the Dutch guideline do not address when 
to reduce a fracture (5, 6).

The international distal radius fracture study group suggested the following criteria for 
offering a reduction: dorsal tilt of the articular surface on the lateral radiograph of more 
than 10°, intra-articular displacement of more than 2 mm, ulnar positive variance of more 
than 5 mm, and ulnar-ward inclination of the articular surface on the posteroanterior 
radiograph less than 15° (7). However, these recommendations are based on little data.

In a survey study in the Netherlands, there was limited inter-surgeon agreement on 
recommendations for treatment after reduction of a fracture of the distal radius after 
introducing a national guideline (8). Understanding the sources of practice variation is the 
first step towards reducing unhelpful and unwarranted variation. Unwarranted practice 
variation indicates the need to optimize the balance of benefits and harms, while limiting 
unhelpful use of resources (9, 10).

In order to learn from variation, the first step is to know what drives it. This study 
addresses the interobserver reliability of surgeons recommending a reduction of a DRF, 
and whether reading expert-based criteria before advising a reduction has an effect 
on the reliability of advising a reduction. The following questions were addressed: (1) 
what is the interobserver reliability of the recommendation to reduce a DRF? (2) Is there 
a difference in interobserver reliability based on surgeon characteristics, fracture types, 
and patient characteristics? (3) What radiographic factors and patient characteristics are 
independently associated with recommending a reduction? And finally (4), do expert-
based criteria increase interobserver reliability?

METHODS

Study design
The first survey addressed recommendation for reducing a DRF. The second tested the 
influence of expert-based criteria for recommending a reduction for a DRF. Surveys were 
created and distributed through SurveyMonkey (Palo Alto, CA, USA).

Participants
Members (surgeons) of the Science of Variation Group (SOVG) were invited to participate 
in the first study and two months later they were then invited to participate in the 
second study. The SOVG is an international collaboration of orthopedic, plastic, and 
fracture surgeons that studies variation in the definition, interpretation, classification, 

2
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and treatment of human illness (https://sites.google.com/site/ scienceofvariationgroup/
home). Only a subset participates regularly in the surveys, and even regular participants 
respond to surveys only in their region of expertise, so it is not possible to measure a 
meaningful response rate. For these studies we invited surgeons who are specialized in 
upper extremity and hand surgery.

Recommendations for reduction
For the survey regarding recommendations for reduction, we selected 95 consecutive 
radiographs from patients with a DRF treated in the Radboudumc, Nijmegen and 
Massachusetts General Hospital, in the first six months of 2018. Inclusion criteria for the 
radiographs were: patients aged between 18 and 90 years old; fracture classification AO 
Types A and C; fractures with a dorsal angulation of the articular surface on the lateral 
radiograph close to threshold for acceptable alignment (between 0° and 25°), and 
good-quality radiographs (as measured by EB according to standardized methods) (11). 
Radiographs were classified by EB and checked by DR. The goal was to study the full 
spectrum of dorsal angulation, we included 23 radiographs (25%) with dorsal angulation 
between 0° and 5°, 48 radiographs (50%) between 6° and 15° dorsal angulation, and 24 
radiographs (25%) between 16° and 25° of dorsal angulation. For each fracture a postero- 
anterior and lateral radiograph was presented. Radiographs at both institutions were taken 
according to similar positioning guidelines.

Table 1 Surgeon and clinical characteristics, study A. Values are count unless otherwise specified.

Surgeon characteristics (n = 80)

Men

Continent of practice

 United states

 Europe

  Other

Years of practice

  0-5

 6-10

 11-20

 21-30

Supervising trainees

Main specialty

 Hand and Wrist

 Shoulder and Elbow

 Other

72

51

17

12

28

17

25

10

64

62

15

3
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Table 1 Continued.

Clinical characteristics (n = 95)

Agea

Men

AO classification

  23-A

  23-B

  23-C

Dorsal angulationa

AP distancea

Radial heighta

Ulnar- ward inclinationa

Ulnar variancea

61 (14)

18

39

0

56

11 (6.6)

21 (2.5)

7.4 (2.5)

12 (4.7)

-0.1 (2.)

a Mean (SD)

When studying interobserver variability, the study’s power is determined by the number 
of observers and the number of images. After a certain number of raters, power no longer 
increases; power can then only increase by rating more images. To make sure every rater 
did not have to review 95 radiographs we divided our 95 radiographs into 4 sets of 23 or 24 
radiographs. Every participant was randomized to one of the four survey sets with 23 to 24 
radiographs. Members of the SOVG were randomized to 1 of the 4 surveys each with 23 or 
24 fractures. All observers were asked to indicate whether they would advise a reduction 
of a fracture of the distal radius. Every set of radiographs was accompanied by patient 
age and gender. Information on the criteria for selecting the radiographs was not added.
80 surgeons completed the survey, 72 were men and the majority resided in Europe 
(n = 17) and North America (n = 51) (Table 1). 62 Surgeons were hand and wrist surgeons. 
Most of the surgeons supervised trainees (Table 1).

Using a sample size calculation for Fleiss kappa, it was calculated that a minimum of 94 
images would lead to a kappa of 0.60 with a 95% confidence interval of 0.10 (half width), 
alpha set at 0.05 and 20 raters, assuming a proportion of 0.50 positive ratings for the 
recommendation for reduction study. 80 observers were needed because the available 
radiographs were divided into four sets.

Influence of expert-based criteria on recommendations for a reduction
For the study addressing the influence of expert-based criteria on recommendation for a 
reduction, 20 consecutive radiographs between November 2017 and February 2018 from 
patients with a DRF treated in the Radboudumc, Nijmegen were selected. Inclusion criteria 
for the radiographs were: patients aged between 18 and 90 years old, fracture classification 
AO types A and C fractures, fractures with a dorsal angulation near the threshold of 
acceptable alignment (dorsal angulation of 5° to 15°), and good- quality radiographs. 

2
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Radiographs were measured and classified by (EB) and checked by a hand surgeon (DR). 
We included 5 radiographs with dorsal angulation between 5° and 7.5°, 10 radiographs 
between 7.6° and 12.5° and 5 radiographs between 12.6° and 15°. All radiographs included 
a postero-anterior and lateral view of the fractured distal radius.

The criteria for when to reduce a DRF were expert-based as there are no validated criteria 
for indication of a reduction after a DRF. The expert-based criteria were chosen by a 
panel of three trauma surgeons specialized in the upper extremity, and are based on the 
AAOS criteria for adequacy of DRF alignment. These criteria are: dorsal tilt of more than 
10°, ulnar positive variance of more than 3 mm, radial inclination of less than 15°, intra-
articular displacement if the fracture is intra-articular. To investigate the influence of the 
expert-based criteria, the raters were randomized into 2 groups. Both groups received a 
survey with 20 sets of radiographs. One group also received the expert-based criteria for 
reduction. All observers were asked to indicate whether they would advise reduction of a 
DRF. Every set of radiographs was accompanied by patient age and sex.

68 surgeons completed the survey, 63 were men and the majority were resided in Europe 
(n = 13) and North America (n= 43) (Table 2). 53 surgeons were hand and wrist surgeons. 
Most of the surgeons supervised trainees (Table 2).

Assuming we needed a similar number of observers for the second study (influence of 
expert-based criteria on recommendation for reduction), 20 sets of radiographs would 
allow us to determine kappa with a 95% confidence interval of 0.18 (half width).

Table 2 Surgeon characteristics, study B. Values are count.

Total

n = 68

Without guideline

n=38

With guideline

n=30

p-value

Men

Continent of practice 

 United States

  Europe

 Other

Years in practice

  0–5

 6–10

 11–20

 21–30

Supervising trainees’ 

Main specialty

 Hand and wrist 

 Shoulder and elbow 

 Other

63

43

13

12

17

16

25

10

56

53

13

2

35

21

9

8

10

11

11

6

30

28

9

1

28

22

4

4

7

5

14

4

26

25

4

1

1.0

0.3

0.5

0.5

0.6
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Statistics
Continuous variables are described with means, standard deviations and categorical 
variables with absolute numbers.

Table 3 Interobserver agreement (95% confidence interval) on recommending reduction.

Factor Kappa (95% CI)

Surgeon variables
 Overall 0.31 (0.23–0.39)
 Sex
  Female 0.49 (0.29–0.69)
  Male 0.30 (0.22–0.37)
 Continent of practice
  USA 0.28 (0.19–0.37)
  Europe 0.37 (0.27–0.47)
  Other 0.45 (0.29–0.62)
 Years of practice:
  0–5 0.36 (0.25–0.48)
  6–10 0.28 (0.16–0.40)
  11–20 0.20 (0.12–0.27)
  21–30 0.36 (0.18–0.54)
 Supervising trainees
  Yes 0.30 (0.22–0.37)
  No 0.45 (0.32–0.59)
 Main specialty
  Hand and wrist  0.29 (0.21–0.37) a

  Shoulder and elbow  0.42 (0.28–0.56)
  Other  0.76 (0.42–1.10) a

 Set
  Set 1 0.28 (0.20–0.39)
  Set 2 0.32 (0.12–0.52)
  Set 3 0.31 (0.20–0.42)
  Set 4 0.24 (0.11–0.36)
Patient variables
 Sex
  Female 0.31 (0.22–0.41)
  Male 0.27 (0.14–0.40)
 Age
  18–60 0.32 (0.21–0.43)
  > 60 0.28 (0.18–0.38)
 AO Classification
  23-A 0.40 (0.26–0.53)
  23-C 0.21 (0.15–0.28)
 Dorsal angulation (°)
  0–5 0.14 (0.04–0.24)
  6–15 0.22 (0.12–0.32)

2
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Table 3. Continued.

Factor Kappa (95% CI)

  16–25 0.12 (0.06–0.18)
 AP distance (mm)
  16–21 0.38 (0.27–0.50)
  22–29 0.21 (0.14–0.29)
 Radial height (mm):
  1–7.4 0.25 (0.12–0.37)
  7.5–13 0.32 (0.21–0.42)
 Radial inclination (°)
  1–11.6 0.25 (0.14–0.37)
  > 11.6–23.6 0.31 (0.23–0.39)
 Ulnar variance (mm)
  –4.5 to –0.8 0.34 (0.23–0.45)
  > –0.8–5.4 0.26 (0.18–0.34)

a Statistically significant difference.

The Fleiss kappa was used to assess the reliability (i.e., interobserver agreement) of advising 
a reduction for the DRF. Non-overlapping 95% confidence intervals were regarded as a 
significant difference. The 95% confidence intervals were determined by bootstrapping 
(number of resamples: 1,000). Kappa values were interpreted using the classification of 
categorical data by Landis and Koch: a value of 0.01 to 0.20 indicates slight agreement; 
0.21 to 0.40 fair agreement; 0.41 to 0.60 moderate agreement; 0.61 to 0.80 substantial 
agreement; and 0.81 to 0.99 near perfect agreement.

To determine factors associated with the likelihood of reduction we divided the 
proportion of recommended reductions by the total number of recommendations for 
each radiograph. We created a multivariable linear regression model with the likelihood 
of reduction as the dependent variable and the radiographic factors and patient 
characteristics as the independent variables.

RESULTS

Interobserver reliability for recommending a reduction
Recommendation for reduction had fair interobserver reliability (kappa 0.3, 95% CI 0.2–0.4). 
Surgeon characteristics, age and sex of the patient, and fracture characteristics had no 
influence on the interobserver reliability (Table 3).

Factors associated with recommending reduction
Multivariable linear regression analyses indicated that each additional degree of dorsal 
angulation increased the chance of recommending a reduction by 3% (beta 0.03, CI 0.02–
0.03, p-value < 0.001) (Table 4). Dorsal angulation explained 37% of the variation in the 
likelihood of recommending a reduction (semi-partial R2 0.4).
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Table 5 Interobserver agreement of recommending reduction

Group Kappa

(95% Confidence interval)

Combined 0.45 (0.31 to 0.59)
Without expert-based criteria 0.43 (0.26 to 0.59)
With expert based criteria 0.47 (0.33 to 0.61)

Influence of expert-based criteria
Expert-based criteria for reduction did not increase the interobserver reliability for 
recommending a reduction (no criteria kappa 0.4, CI 0.3–0.6 vs. criteria 0.5, CI 0.3–0.6) 
(Table 5).
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DISCUSSION

Surgeon biases, habits, and preferences contribute to variations in care. In the face of 
limited evidence, attitudes and beliefs concerning the indications for treatment are 
important reasons for surgical variation. Reducing unwarranted practice variation could 
lead to a reduction in avoidable morbidity and unhelpful use of resources (9). This study 
addressed the interobserver reliability of surgeons recommending a reduction of a DRF 
and the influence of reading expert-based criteria on these recommendations. This study 
was not intended to determine a threshold for when to reduce a distal radius fracture.

We acknowledge some limitations for the study. First, only 68 surgeons completed the 
influence of expert-based criteria study and therefore might have been underpowered. 
We were close to our estimate, and power analysis for reliability studies is imperfect. 
Therefore, we do not think this had much influence on the study. Second members 
of the SOVG are more likely to work in an academic setting than the average surgeon, 
which could decrease generalizability. Third, the SOVG group does not measure intra-
observer reliability because it is always greater than interobserver reliability. Fourth, our 
use of dorsal angulation (rather than ulnar variance or other criteria) as selection criteria, 
might have influenced the regression analysis. A similar study with different radiographic 
parameters as selection criteria might have slightly different results. Fifth, measurements 
of the radiographic parameters were performed by one researcher and checked by the 
senior surgeon. Measurements are somewhat imprecise, but it is unlikely that there was any 
systematic bias and the random variations probably had little influence on the statistics. 
Sixth, we did not ask the observers whether they would advise surgery or not. There may 
be a subset for which surgical considerations would alter recommendations for reduction, 
but that subset is likely to be small. Finally, there are important differences between a 
survey and actual practice. For example, the radiographs were accompanied only by age 
and sex. In actual practice more factors are important to determine whether a fracture 
needs reduction, for example patient occupation and hand dominance. In our opinion the 
relative simplification would be expected to reduce variability.

The fair interobserver reliability on whether to reduce a DRF or not (kappa 0.31, CI 
0.23–0.39) is consistent with prior studies demonstrating notable variation and limited 
reliability in surgeon recommendations. The study by Tosti et al. (2014) found that the 
interobserver agreement for recommending treatment of little finger metacarpal neck 
fractures was fair (12). Until we have a better evidence base on whether to reduce a fracture 
or not, it may be worthwhile to invest in tools such as decision aids to help patients weigh 
the advantages and disadvantages and participate in the decision.

The observation that each additional degree of dorsal angulation increased the chance 
of recommending a reduction by 3% is consistent with our observation that surgeons 
often use dorsal angulation as the most important feature to decide on whether to 
recommend reduction of a fracture. This is consistent with studies suggesting that dorsal 
angulation is one form of deformity after fracture that affects function. This has been 
measured with patient reported outcome measures (PROMs) such as the Disability of the 
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Shoulder and Hand (DASH) score (13-16). In a prior study similar to ours, radiographic 
parameters accounted for about half of the variation in treatment recommendations 
(17). Other studies also show that patient factors such as male sex and age and fewer 
comorbidities did not explain any more of the variation in the treatment recommendation 
than radiographic factors alone (3, 18). The observation that expert-based criteria did not 
influence the interobserver reliability for recommending a reduction is consistent with 
prior reliability studies. For instance, exposure of observers to a description of staging 
of wrist arthritis related to scaphoid nonunion did not improve reliability of staging (19). 
This study and the study of Christensen et al. (1981) proposed that the interpretation of 
radiographs with a particular pathology involves the learned concept for what is normal 
and not normal (20). This means that surgeons see what they already know or believe. 
Using additional guidance or knowledge could be less effective than expected due to 
the influence of cognitive biases, such as anchoring and familiarity (19, 20). For instance, 
one study found that personality features influence treatment recommendations; a 
higher pioneer score (associated with innovation and creativity) was associated with a 
higher rate of recommendation for surgery (21). This surgeon-characteristic influence on 
recommendation for treatment could have influenced the potential additional value of 
the expert-based criteria and may also be an explanation for observer variation. Further 
research should be conducted to investigate whether the expert-based criteria and 
especially dorsal angulation could increase the reliability among young residents and 
eventually limit practice variation.

In conclusion, limited interobserver reliability contributes to practice variation. There was 
notable variation in recommendations for reduction that was not accounted for by surgeon 
or patient factors and was not diminished by exposure to expert criteria. Dorsal angulation 
was the main driver for recommending a reduction, reflecting the fact that surgeons may 
focus on a few, relatively simplistic factors in making recommendations. The ability to learn 
from practice variation is hindered by notable variability that is, to date, unaccounted for 
by measured factors. Future studies might address surgeon cognitive bias and heuristics 
and the best methods for nudging people (patients and surgeons) toward evidence and 
what matters most to patients. In addition, future studies should assess the importance 
of the effect of dorsal angulation on deciding when to reduce a DRF and the influence on 
patient-reported outcome after DRF.

2
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ABSTRACT

Background
 Alignment adequate to offer nonoperative treatment after reduction of a distal radial 
fracture is a matter of opinion. This study addressed factors associated with interobserver 
reliability of satisfaction with alignment after the reduction of a distal radial fracture.

Methods
A survey was sent to members of the Science of Variation Group. The participants were 
divided into four groups that each rated 24 sets of radiographs of adult patients with a distal 
radial fracture before and after manipulative reduction, and cast or splint immobilization. 
This resulted in a total of 96 fractures rated by 111 participants. Observers indicated whether 
they were satisfied with the reduction or not. Meaning that nonoperative treatment was 
an option, or not, meaning that they recommend surgery. The Fleiss kappa was used to 
measure reliability.

Results
There was fair reliability of satisfaction with reduction of a distal radial fracture (kappa, 
0.34 [95% confidence interval (CI), 0.28 to 0.41]). No surgeon factors were associated with 
variations in reliability. Multivariable linear regression analysis indicated that every degree 
decrease in dorsal angulation of the distal part of the radius on the lateral radiograph 
increased satisfaction by a mean of 1% (beta, 20.01 [95% CI, 20.02 to 20.006]; p = 0.001); 
each millimeter decrease in the anterior-to-posterior distance between the dorsal and 
volar articular margins on the lateral radiograph increased satisfaction by 3% (beta, 20.03 
[95% CI, –0.04 to 20.005]; p = 0.014), and each millimeter decrease in ulnar positive variance 
increased satisfaction by 6% (beta, 20.06 [95% CI, 20.08 to 20.03]; p < 0.001), accounting 
for 44% of the observed variation.

Conclusions
Surgeons are influenced by radiographic deformity, but do not agree on adequate 
alignment after reduction of a distal radial fracture.

Clinical Relevance
Greater involvement of patients in decisions with regard to acceptable deformity has the 
potential to decrease treatment variation.
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INTRODUCTION

Adequacy of alignment means that a surgeon believes that nonoperative treatment is 
an option. Various definitions of adequate alignment are provided in publications and 
national guidelines, based predominantly on expert opinion (1-3). The following criteria 
are often described: <10° to <15° dorsal angulation of the articular surface on the lateral 
radiograph, <2- mm articular step or gap, and <3 mm of ulnar variance (1, 4, 5). Mulders et 
al. surveyed a small subset of European surgeons at an annual meeting using an audience 
survey tool and found that more than half of the participants agreed on the following 
thresholds for acceptable reduction: radial inclination >15°, radial height >5 mm, dorsal 
angulation no more than 10°, volar angulation no more than 15°, and intra-articular gap 
or step-off <2 mm (6). There was no consensus on ulnar variance.

Additionally, patient and surgeon characteristics can influence opinions about what 
constitutes an acceptable reduction. For instance, one study found that younger surgeons 
are, in general, more likely to perform a surgical procedure for a distal radial fracture than 
their more senior colleagues (7). Unwarranted practice variation could affect health-care 
costs and may reflect inappropriate con- sideration of patient values and preferences (8).

Improved knowledge of the sources of variation in the management of distal radial 
fractures can help to limit this practice variation.

This study addresses the following questions: What is the interobserver variability of being 
satisfied with a reduction of a distal radial fracture? Is there a difference in interobserver 
variability based on surgeon and patient characteristics? What radiographic factors and 
patient characteristics are independently associated with adequate alignment after 
reduction? What reasons do surgeons provide for their opinions about alignment?

MATERIAL AND METHODS

Study Design and Setting
This survey study was approved by our institutional review board (number 2017-11-0100). 
We selected 96 consecutive adequate-quality radiographs of a displaced AO Type A or C 
(9) distal radial fracture in adult patients (age of ‡18 years) treated with closed reduction 
and cast or splint immobilization. This treatment was performed at the Radboud University 
Medical Center (Nijmegen, the Netherlands), and at Massachusetts General Hospital 
(Boston, Massachusetts, United States), between January and September 2018. All of 
the fractures were reduced using the technique favored by the treating physician. After 
reduction, patients were immobilized with a splint or cast. Displacement was defined as 
a fracture benefiting from manipulative reduction as defined by the treating physician. 
A good-quality radiograph included posteroanterior and lateral projection within 5° 
rotation and was not obstructed by plaster, with adequate image contrast for quantitative 
measurements. Among 323 consecutive patients from one hospital, 237 were excluded 

3
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because they did not have radiographs from both before and after reduction or the 
radiograph quality was inadequate. From the other hospital, 10 patients were included 
and 10 patients were excluded.

Radiographs with different dorsal angulation at the initial displacement were included. 
The following measurements were performed on the lateral radiograph using OsiriX Lite 
(Pixmeo SARL): postero- anterior distance, the distance between the apex of the dorsal rim 
and the apex of the volar rim of the lunate facet, and the angulation of the articular surface. 
On the postero-anterior radiograph, the following were measured: the radial height, the 
difference in axial length between the tip of the radial styloid and the central reference 
point (a reference point midway between the volar and dorsal ulnar corners of the radius), 
the ulnarward inclination of the articular surface (often referred to as radial inclination), 
and the ulnar variance (9). The classification and measurements of the radiographs were 
done by one researcher (E.Z.B.) and were checked by the senior author (D.R.).

In studies of interobserver variability, power is limited by the number of observers and 
the number of images or radiographs. The power does not increase after a certain number 
of observers; the power can only increase by rating more images. To efficiently use the 
number of available raters to increase power, the 96 radiographs were divided into four 
sets of 24 (four images of the wrist: pre- and post-reduction with anteroposterior view and 
lateral view), thereby increasing the number of images rated (Fig. 1).

Patient age and sex were included with each set of radiographs. Surveys were created 
and distributed through SurveyMonkey, an online survey tool.

Figure 1 Division of surgeons into four different groups reviewing 24 sets of radiographs each.

Participants
Members of the Science of Variation Group (SOVG) were sent an invitation to participate 
in this study. The SOVG is an international collaboration of several hundred orthopaedic, 
trauma, and plastic surgeons and residents predominantly from Europe and North America. 
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The SOVG studies variation in the definition, interpretation, classification, and treatment 
of human illness. Measuring a meaningful response rate was not possible, as only a subset 
participated regularly in the surveys. For this study, we invited surgeons who specialized 
in fracture management and upper-extremity and hand surgery.

Procedure
The members of the SOVG who participated in the study were randomized to one of the 
four groups, each with 24 fractures (Fig. 1). Observers were asked to indicate whether they 
were satisfied with the reduction of a displaced distal radial fracture, meaning that they 
believed that nonoperative treatment was an option based on the alignment achieved 
and the quality of the visible cast or splint. After every fracture, the observers were asked 
for comments indicating why they were or were not satisfied with the reduction.

Surgeon Characteristics
In this study, 111 surgeons completed the survey, with 102 men (92%) and the majority 
of respondents residing in Europe (39%) or North America (37%) (Table 1). Most of the 
surgeons subspecialized in fracture surgery (45%) or hand and wrist surgery (35%). Ninety-
six surgeons (86%) supervised trainees.

Table 1 Characteristics of Surgeons, Patients, and Fractures

Variables Total

Surgeon characteristics
No. of participants 111

 Men* 102 (92%)
Continent of practice*
 North America 41 (37%)
 Europe 43 (39%)
 Other 26 (23%)
 Missing data 1 (1%)
Years in practice*
 0 to 5 yr 27 (25%)
 6 to 10 yr 20 (18%)
 11 to 20 yr 38 (35%)
 21 to 30 yr 24 (22%)
 Missing data 2 (2%)
Supervising trainees* 96
(86%) Main specialty*
 Hand and wrist 39 (35%)
 Shoulder and elbow 14 (13%)
 Fracture surgery 50 (45%)
 Other 6 (5%)
 Missing data 2 (2%)

3
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Table 1 Continued.

Variables Total

Clinical and radiographic characteristics
No. of patients 96
Age† (yr) 60.2 ± 18.7
Men* 19 (20%)
AO classification*
 A 19 (20%)
 B 0 (0%)
 C 62 (65%)
Dorsal angulation† (deg) 3.9 ± 6.7
Anteroposterior distance† (mm) 20.7 ± 2.4
Radial height† (mm) 7.4 ± 2.5
Radial inclination† (deg) 11.8 ± 4.3
Ulnar variance† (mm) 20.26 ± 2.2

*The values are given as the number of participants, with the percentage in parentheses. †The values are 

given as the mean and the standard deviation.

Text Response
The reasons for being satisfied with the reduction or not were categorized by two 
investigators (E.Z.B. and D.R.). Consensus on the categories was reached by discussion 
after independently analyzing and assigning themes on a subset of 50 reasons.

Statistical Analysis
Continuous variables were described using means and standard deviations, and categorical 
variables were described using absolute numbers with percentages.

We used the Fleiss kappa to assess the reliability (i.e., interobserver agreement) for 
satisfaction with a reduction for the distal radial fracture of all raters who rated a radiograph. 
We determined 95% confidence intervals (CIs) by nonparametric bootstrapping (with 
replacement, n = 1,000). We regarded nonoverlapping 95% CIs as a significant difference. 
The 95% CIs were determined by bootstrapping (number of resamples: 1,000). Kappa 
values were interpreted using the classification of categorical data by Landis and Koch 
(10): values of 0.01 to 0.20 indicate slight agreement; 0.21 to 0.40, fair agreement; 0.41 
to 0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and 0.81 to 0.99, near 
perfect agreement.

To determine factors associated with the likelihood of being satisfied, we divided the 
proportion of the satisfied raters by the total number of ratings for each radiograph. We 
created a multivariable linear regression model with the likelihood of being satisfied with 
reduction as the dependent variable. Because of the adequate sample size, we included 
all clinical and radiographic variables in our model. We found that radial height and 
ulnarward inclination were correlated (r = 0.84; p < 0.001), which can lead to collinearity, 
a phenomenon affecting beta coefficients and 95% CIs. A sensitivity analysis excluding 
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radial height in 1 model and excluding ulnarward inclination in another model did not 
change the overall results. We therefore reported the full model with both radial height 
and ulnarward inclination.

Sample Size Calculation
Using a sample size calculation for the Fleiss kappa, we calculated that a minimum of 94 
images would allow us to find a kappa of 0.60 with a 95% CI of 0.50 to 0.70, alpha set at 
0.05, and 20 raters, assuming a proportion of 0.50 for positive ratings. Because we divided 
the available radiographs into 4 sets, we would need a total of at least 80 observers.

Table 2 Interobserver Agreement of Recommendations Regarding the Adequacy of Reduction

Variable Kappa*

Surgeon variables
Overall 0.34   (0.28 to 0.41)
Sex
 Female 0.28   (0.07 to 0.49)
 Male 0.34    (0.28 to 0.41)
Continent of practice
 North America 0.34  (0.26 to 0.41)
 Europe 0.35  (0.27 to 0.43)
 Other 0.36  (0.27 to 0.45)
Years of practice
 0 to 5 yr 0.39  (0.29 to 0.49)
 6 to 10 yr 0.38  (0.27 to 0.49)
 11 to 20 yr 0.35 (0.27 to 0.44)
 21 to 30 yr 0.31 (0.23 to 0.39)
Supervising trainees
 Yes 0.34 (0.27 to 0.40)
 No 0.41 (0.28 to 0.53)
Main specialty
 Hand and wrist 0.32 (0.24 to 0.39)
 Shoulder and elbow 0.35 (0.22 to 0.48)
 Orthopaedic trauma 0.36 (0.28 to 0.43)
 Other 0.50 (0.30 to 0.69)
Radiograph set
 Set 1 0.37 (0.23 to 0.51)
 Set 2 0.39 (0.25 to 0.53)
 Set 3 0.27 (0.15 to 0.39)
 Set 4 0.32 (0.22 to 0.42)
Patient variables
Sex
 Female 0.33 (0.26 to 0.40)
 Male 0.39 (0.25 to 0.54)

3
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Table 2 Continued.

Variable Kappa*

Age
 18 to 62 yr 0.34 (0.26 to 0.43)
 >62 yr 0.34 (0.24 to 0.43)
AO classification
 A 0.35 (0.24 to 0.46)
 C 0.33 (0.25 to 0.40)
Dorsal angulation
 213.7° to 3.5° 0.33 (0.25 to 0.40)
 3.6° to 27.2° 0.27 (0.19 to 0.36)
Anteroposterior distance
 15.3 to 20.4 mm 0.35 (0.25 to 0.44)
 20.5 to 27.1 mm 0.29 (0.19 to 0.40)
Radial height
 21.64 to 7.0 mm 0.28 (0.18 to 0.37)
 7.1 to 13.8 mm 0.34 (0.25 to 0.44)
Radial inclination
 1.5° to 11.3° 0.33 (0.23 to 0.42)
 11.4° to 23.6° 0.34 (0.25 to 0.43)
Ulnar variance
 25.22 to 20.53 mm 0.33 (0.22 to 0.43)
 20.52 to 6.2 mm 0.26 (0.18 to 0.35)

*The values are given as the kappa, with the 95% CI in parentheses.

RESULTS

Interobserver Reliability for Satisfaction with a Reduction
There was fair agreement on satisfaction with reduction (kappa, 0.34 [95% CI, 0.28 to 0.41]). 
There were no differences in reliability by surgeon or patient characteristics (Table 2).

Factors Associated with Satisfaction with Reduction
Multivariable linear regression analysis indicated that every degree decrease in dorsal 
angulation increased satisfaction by a n of 1% (beta, 20.01 [95% CI, 20.02 to 20.006]; 
p = 0.001), each millimeter decrease in the distance between the volar and dorsal articular 
margins on the lateral radiograph (anteroposterior distance) increased satisfaction by 3% 
(beta, 20.03 [95% CI, –0.04 to 20.005]; p = 0.014), and each millimeter decrease in ulnar 
positive variance increased satisfaction by 6% (beta, 20.06 [95% CI, 20.08 to 20.03]; p < 
0.001) (Table 3). The adjusted R2 for the entire model was 0.44.
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Reasons for Satisfaction with a Reduction
A total of 2,661 comments were provided: 1,240 explained a determination of adequate 
alignment after reduction and 1,421 explained a determination of inadequate alignment 
after reduction. The vast majority of these comments referred to radiographic alignment. 
72 of the adequate alignment comments (5.8%) addressed factors other than radiographic 
appearance, including the observation that older patients might be more likely to find 
deformity manageable. Among the comments with regard to inadequate alignment, 127 
(8.9%) addressed factors other than radiographic appearance, including younger age, 
nerve issues, and expected benefit from going straight to the surgical procedure.

Table 3 Multivariable Linear Regression Analyses of Factors Associated with Surgeon Recommendations 

Regarding the Adequacy of Reduction After Distal Radial Fracture*

Retained Variables Coefficient† Standard Error P Value

Age 20.001 (20.004 to 0.002) 0.001 0.688
Men 20.05 (20.18 to 0.08) 0.07 0.465
AO classification
 A Reference
 C 20.09 (20.19 to 0.006) 0.05 0.065
Dorsal angulation 20.01 (20.02 to 20.006) 0.004 0.001‡
Anteroposterior distance 20.03 (20.04 to 20.005) 0.01 0.014‡
Radial height 0.01 (20.03 to 0.05) 0.02 0.58
Radial inclination 0.004 (20.02 to 0.02) 0.01 0.708
Ulnar variance 20.06 (20.08 to 20.03) 0.01 <0.001‡

*The dependent variable was recommending reduction. The semi-partial adjusted R2 of only the significant 

variables is 0.44. †The values are given as the coefficient, with the 95% CI in parentheses. ‡Significant.

DISCUSSION

The lack of consensus and evidence-driven thresholds; unreliability of diagnosis, 
classification, and characterization; and surgeon beliefs can contribute to practice variation. 
Publications and national guidelines describe various criteria for acceptable reduction (1, 
2, 5, 11). To reduce unwarranted practice variation in distal radial fracture management, 
we first need to know what factors contribute to it. This current study addressed the 
interobserver variability of being satisfied with a reduction of a distal radial fracture. It 
will be difficult to study the influence of various treatment strategies on outcome if we 
cannot first agree on which patients can be given the option of nonoperative treatment.

There were some limitations in this study. First, members of the SOVG work mostly in 
academic settings, which may have limited generalizability. However, in our prior studies, 
practice setting had a limited influence on variation. Second, we provided no information 
on the reduction technique and immobilization. During actual practice, surgeons may gain 
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information from performing the reduction with a cast or splint immobilization. Third, 
surgeons were provided with anonymized patient characteristics such as age and sex, 
which could have biased the study results. However, this information would also be known 
during clinical practice, and supplying this information therefore more closely resembles 
actual clinical practice. Fourth, some potentially important factors such as limb dominance, 
activity level, infirmity, work demands, and tendon or nerve injury were not considered. 
Our intention was to keep the scenarios relatively simple to isolate the variations based 
largely on the interpretation of radiographs. Future studies can address whether there is 
greater agreement for subsets of patients such as people with relatively high or relatively 
low functional demands. Fifth, for this study, we used a binary scale to measure satisfaction 
with reduction instead of a visual analog scale or 11-point ordinal scale. We did this for 
simplicity and to emulate clinical practice, where surgeons either do or do not believe 
that they can offer nonoperative treatment. Future studies might consider willingness for 
offering non-operative treatment on a continuum. Finally, we did not offer radiographic 
measurements before and after reduction. We wanted to recreate daily practice and allow 
surgeons to assess the radiographs according to their own method. In addition, Neuhaus 
et al. showed that agreement on treatment improved after giving surgeons radiographs 
instead of just measurements (12).

The observed fair reliability of categorical satisfaction with a reduction after a distal 
radial fracture (kappa, 0.34 [95% CI, 0.28 to 0.41]) documents 1 potential source of the 
notable variation in the management of distal radial fractures (4, 13, 14). A survey of 
emergency department clinicians in the United Kingdom (who reduce most of the distal 
radial fractures in that setting) found limited awareness of anatomical parameters and 
criteria for adequate reduction, especially among the younger doctors, indicating that 
some of the variation might be decreased via education (13). McDonald et al. found that 
the education of the medical staff with regard to fracture classification, fracture reduction, 
cast application, and molding reduced the operation rate for distal radial fractures (14). 
However, our results indicated that factors associated with greater expertise or experience 
are associated with less agreement on whether a reduction is adequate, as surgeons with 
the most years in practice (21 to 30 years), supervising trainees, and having hand and 
wrist specialization had the lowest interobserver agreement. This suggests that there is 
not a single correct way to treat most distal radial fractures and that such decisions may 
be highly preference sensitive.

The findings that each additional degree in dorsal angulation increased satisfaction by 
a mean of 1%, each millimeter decrease in anteroposterior distance increased satisfaction 
by 3%, and each millimeter decrease in ulnar variance increased satisfaction by 6% (Table 
III), accounting for 44% of the observed variation, indicate that clinicians are using these 
parameters, although they may not agree on a threshold for what is acceptable. Notable 
initial dorsal angulation, intra-articular involvement, and ulnar variance are also associated 
with a loss of reduction after manipulation and cast or splint immobilization (15-18). In 
addition, there is evidence that radial shortening of >2 mm, loss of dorsal angulation of 
>10°, radial inclination of 5°, and intra-articular step-off of >2 mm may be associated with 
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greater symptoms and limitations, especially among younger adults (19, 20). Although, 
these associations are inconsistent and relatively limited. The lack of consensus thresholds 
for acceptable deformity and the limited association of deformity with symptoms and 
function emphasize the importance of patient preference in decision making.
The observation that surgeons describe adequate alignment, age as a surrogate for 
functional demands, and concerns about neuropathy as factors that they considered in 
the judgment of the adequacy of reduction suggests that there may be some agreement 
on the categories, but not on the thresholds. Several studies have noted the association 
between radiographic parameters, symptoms, and function in patients older than 60 years 
of age (4, 21). However, there may be inadequate assessment of infirmity and activity level, 
and the relationship between alignment and function seems limited at any age. There 
are important drawbacks for chronological age thresholds, and they may not be useful. 
Alignment might be more relevant to younger patients, where symptoms and limitation 
might correlate more with anatomical reduction (22), but more research is needed. What 
is clear from this study is that at least some surgeons believe that chronological age is 
important in decision-making.

In conclusion, the outcome of this study is that surgeons are influenced by deformity, 
but disagree on the final assessment of whether nonoperative treatment is an option. 
The factors that may contribute to limited agreement include measurement imprecision, 
variable interpretation and estimations of anatomical landmarks, interpretation of the 
evidence that alignment affects symptoms and capability, and beliefs about the chance 
of harms and benefits with operative intervention. In the spirit of the Choosing Wisely 
campaign (https://www.choosingwisely.org/) and other patient empowerment endeavors, 
patients can request, and surgeons should be prepared, to discuss or present in a shared 
decision-making process using other means such as a decision aid discussing the potential 
harms and potential benefits of operative and nonoperative treatments for reduced 
fractures at the margin of commonly discussed threshold criteria for adequate alignment.

3
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ABSTRACT

Prevention of CRPS-1, a post-traumatic pain syndrome, after a distal radius fracture is 
important as this syndrome might lead to chronic pain and serious disabilities. In several 
studies, it was shown that CRPS-1 can be cured with exercise and graded activities.

In a prospective cohort study, a home exercise program with progressive loading 
exercises was applied immediately after cast removal in patients with a distal radius 
fracture. After three months, patients were interviewed by telephone using the subjective 
Budapest diagnostic criteria for CRPS-1.

In our study, 56 patients were included and 9 patients (16%) scored positive on the 
subjective diagnostic criteria. None of the 9 patients was diagnosed with CRPS-1.

This study indicates that a home exercise program after conservative treatment of 
distal radius fracture is a safe and effective option to prevent CRPS-1. A larger study is 
needed to prove the preventive power of this home exercise program.

Emilyboersma-def.indd   56 08-10-21   09:57



57

CRPS: Prevention of CRPS 

INTRODUCTION

Complex regional pain syndrome type 1 (CRPS-1), formally known as reflex sympathetic 
dystrophy (RSD), may occur after trauma and is characterized by excessive pain (allodynia 
and/or hyperalgesia), oedema, changes in skin blood flow or abnormal sudomotor activity 
(2). The incidence of CRPS-1 after a distal radius fracture varies from 1% to 37% (2,6,10,22), 
and approximately 75% of CRPS-1 patients experience serious disabilities related to 
general activities (74.2%), mood (74.2%), work (74.2%) and recreational activities (77.4%) 
(5). The diagnosis of CRPS-1 is difficult as there is no diagnostic ‘gold standard’ and the 
pathophysiology is unclear due to the low specificity of diagnosis. There are hardly any 
studies with a sufficient evidence level to make recommendations for treatments for CRPS-
1. Therefore, treatment is based on symptom management. There is a strong need for 
a method to prevent CRPS-1, as it can occur after trauma, can potentially cause chronic 
disability, and has limited available treatment options.

Vitamin C is currently used as an effective prevention for CRPS-1 after a wrist fracture 
(1,12,17,23). However, a recent publication by Evaniew et al. indicated that it is doubtful 
whether vitamin C has a significant effect on the prevention of CRPS-1 (4).

Recent studies have indicated that disuse and kinesiofobia might play a role in the 
development of CRPS-1 and chronic muscluloskeletal pain syndromes (3,14,20). For 
example, pain exposure in physical therapy (PEPT treatment), which is a countermeasure 
of disuse and kinesiofobia, has been proven to be effective in the treatment of acute 
and chronic CRPS-1 (14). This result raised the question whether management of disuse 
and kinesiofobia could be used to prevent CRPS-1. Rehabilitation using a home exercise 
program is a validated method after a distal radius fracture (11,13,18). The aim of this 
pilot study is to explore whether a home exercise program aiming to reduce disuse and 
kinesofobia after trauma can prevent CRPS-1. Our hypothesis is that a home exercise 
program, with a fixed schedule of progressive loading exercises, can prevent CRPS-1.

PATIENTS AND METHODS

The trial was designed as a proof-of-concept cohort study and was performed between 
December 2012 and November 2014 in the Radboudumc, Nijmegen, the Netherlands. 
81 Patients were available to participate in the study. The local ethical committee of the 
Radboudumc approved the study (NL2014-1361).

After removal of the plaster cast, all patients with a distal radius fracture were 
consecutively screened by one investigator for the inclusion and exclusion criteria (Table 
1). The inclusion criteria were conservative treatment of a distal radius fracture and an age 
of 18 years or older. Patients predisposed to unreliably answering questions regarding the 
subjective diagnostic Budapest criteria due to dementia were excluded. The Orthopaedic 
Trauma Association (OTA) system was used for the classification of the distal radius fracture.

4
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Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Above eighteen years old Dementia

Distal radius fracture type*

Conservative treatment

Instruction leaflet provided

* OTA classification

Abbreviations: OTA; Orthopaedic Trauma Association

After removal of the plaster cast, patients were taught how to exercise their fingers, 
forearm, and wrist. They were allowed to resume normal activities, gradually increasing 
the amount of weight and force based on fracture healing explained by a leaflet (Figure 
1). The instructions notified the patients of the importance of using and strengthening 
the arm and/or wrist for proper healing of the fracture as well as optimize arm hand 
function. The patients were strictly instructed to perform all exercises at home on a daily 
basis for a 6-week period without involvement of a physiotherapist. Three months after 
the distal radius fracture, the patients were interviewed by the attending (independent) 
physician over the telephone. Compliance with the exercise program was evaluated by 
telephone interview using the question: “Have you been performing all the exercises from 
the instruction leaflet.” Moreover, the interview included a scoring of the subjective items 
of the Budapest diagnostic criteria for CRPS-1 (Figure 2) (8). Patients scored positive when 
they answered ‘yes’ on the first question and when they answered ‘yes’ on one or more 
of the other questions. Patients scoring positive on the subjective items of the Budapest 
criteria for CRPS-1 were invited to visit the specialized CRPS-outpatient clinic of our center. 
During the consultation at the outpatient clinic, an x-ray of the wrist was performed and 
the objective Budapest criteria were assessed (Table 2). Variables that could potentially 
be associated with the occurrence of pain and CRPS-1 were obtained from the patient’s 
medical file (Table 3).
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Table 2 Budapest diagnostic criteria for complex regional pain syndrome (Harden et al., 2013)

Continuing pain, which is disproportionate 

to any inciting event

yes/no

Must report at least one symptom in three 

of the four following categories (subjective)

yes/no

Sensory: Reports of hyperalgesia and/or 

allodynia

+ -

Vasomotor: Reports of temperature 

asymmetry and/or skin color changes and/

or skin color asymmetry

+ -

Sudomotor/Edema: Reports of edema 

and/or sweating changes and/or sweating 

asymmetry

+ -

Motor/Trophic: Reports of decreased range of 

motion and/or motor dysfunction (weakness, 

tremor, dystonia) and/or trophic changes 

(hair, nail, skin)

+ -

Must display at least one sign* at time of 

evaluation in two or more of the following 

categories (objective)

yes/no

Sensory: Evidence of hyperalgesia (to 

pinprick) and/or allodynia (to light touch 

and/or deep somatic pressure and/or joint 

movement)

+ -

Vasomotor: Evidence of temperature 

asymmetry and/or skin color changes and/

or asymmetry

+ -

Sudomotor/Edema: Evidence of edema 

and/or sweating changes and/or sweating 

asymmetry

+ -

Motor/Trophic: Evidence of decreased 

range of motion and/or motor dysfunction 

(weakness, tremor, dystonia) and/or trophic 

changes (hair, nail, skin)

+ -

There is no other diagnosis that better 

explains the signs and symptoms

yes/no

Diagnosis CRPS-1 yes/no

* A sign is counted only if it is observed at time of diagnosis.

Abbreviation: CRPS-1; complex regional pain syndrome type 1

4
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Table 3 Variables used for analysis

Variables

Age

Classification of the fracture (OTA classification)

Gender

Side of fracture

Complaints during cast period

Positive score on the subjective criteria of the Budapest criteria

CRPS-1

Abbreviation: CRPS-1; complex regional pain syndrome type 1: OTA; Orthopaedic Trauma Association.

Statistical analysis was performed with SPSS version 20.0 (IBM Amsterdam, The Netherlands) 
and SAS (Huizen, The Netherlands). The primary outcome was defined as having CRPS-1 
diagnosed on the CRPS-outpatient clinic. The secondary outcome was scoring positive 
on the subjective Budapest diagnostic criteria. The incidence of CRPS-1 was calculated 
by the number of patients with CRPS-1 divided by the total number of patients. The 95% 
confidence interval was calculated from the CRPS-1 incidence. The results and confidence 
intervals were compared with incidence numbers and confidence intervals of CRPS-1 after 
a distal radius fracture treated with plaster cast immobilization in the literature.

Figure 1 Example of a page from the instruction leaflet (English version). In this leaflet the home exercise 

program is explained. Patients need to perform the exercises every day and the exercises are intensified 

over the three months.
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Figure 2 The subjective items of the Budapest criteria are shown. These items were used to score the 

patients during the telephone interview. The items are translated to English. 

4

Emilyboersma-def.indd   61 08-10-21   09:57



62

Chapter 4

RESULTS

Table 4 Patient characteristics

Characteristics Patients n = 56

Gender, n (%)

  Female 43 (76.8)

  Male 13 (23.2)

Age, mean (SD) 58.13 (18.2)

Fractures n = 57

Side fracture, n (%)

  Left 33 (57.9)

  Right 24 (42.1)

Fracture type, n (%)*

  23 A 17 (29.8)

  23 B 16 (28.1)

  23 C 24 (42.1)

Complaints cast, n (%)**

  Yes 12 (21.1)

  No 45 (78.9)

* Fracture classification by OTA classification

** Complaints during treatment with plaster cast

Abbreviation: SD; standard deviation: OTA; Orthopaedic Trauma Association.

Between December 2012 and November 2014, 56 of the 81 available patients were enrolled 
in this proof-of-concept study with 57 fractures (one patient had a bilateral fracture). 
Twenty-five patients were excluded based on the exclusion criteria or because they could 
not be reached by telephone (n=4). Sixteen patients were called at the end of the study, 
and 40 patients were called on time, i.e., after three months. The baseline characteristics 
of the included patients are shown in Table 4. The average age was 58 years, and 76.8% of 
the patients were female. Of the 57 fractures, 33 (57.9%) were on the left side. Seventeen 
patients had a type 23A fracture (29.8%), 16 had a type 23B fracture (28.1%), and 24 had a 
type 23C fracture (42.1%). During the plaster cast immobilization period, 12 (21.1%) patients 
complained of pain. The compliance with the exercise program was 100%. Nine patients 
(16%) scored positive on the subjective Budapest diagnostic criteria. None of the nine 
patients were diagnosed with CRPS-1 when the objective symptoms of the Budapest 
criteria were assessed, resulting in an incidence of 0% (95% CI of 0.00%-6.38%) (Table 5).
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Table 5 Incidence CRPS-1

fractures n = 57

CRPS-symptoms, n (%)*

 Yes 9 (15.8)

  No 48 (84.2)

CRPS-1, n (%)

 Yes 0 (0)

  No 57 (100)

DISCUSSION

This proof-of-concept study found that a home exercise program was safe and potentially 
effective in preventing CRPS-1 after distal radius fracture. Our incidence of 0% (0.00%-
0.06%) is different from other studies. A comparable prevention study with vitamin C 
showed a CRPS-1 incidence of 7% (0.07%-14%) after distal radius fracture (22).

The difference in incidence between CRPS-1 prevention studies most likely depends 
on how CRPS-1 is determined. For example, CRSP-1 designation can depend on which 
diagnostic criteria, trauma type and prevention method are used. In the literature, 
incidence numbers in prevention studies vary between 1 and 37% (2,6,10,22). The vitamin 
C prevention study is a randomized trial comparing vitamin C with placebo, which resulted 
in reducing the incidence of CRPS-1 from 22% (18%-32%) to 7% (0.07%-14%) when using 
vitamin C (22). These incidence numbers might be biased because only the subjective 
Veldman criteria were used for the diagnosis of CRPS-1. It might be that incidence numbers 
in the vitamin C study could have been lower when objective criteria for CRPS-1 were used 
in the diagnostic process. Furthermore, a recent meta-analysis failed to demonstrate a 
statistically significant effect for vitamin C to prevent CRPS. Thus, the use of vitamin C for 
the prevention of CRPS-1 is doubtful (4).

The absence of CRPS-1 after a distal radius fracture treated with plaster and a home 
exercise program, is a promising finding. It helps elucidate the pathogenesis of nonspecific 
post traumatic pain disorders such as CRPS-1. Guo et al. showed in an animal study that cast 
immobilization, with or without a fracture, induces CRPS-1-like changes including increased 
hindlimb nociceptive sensitization, increased skin temperature, edema and inflammatory 
mediator expression. Early mobilization after fracture inhibited these changes (7). 
This animal study demonstrates that immobilization of a limb may cause pain and an 
inflammatory response, which are comparable to the typical CRPS-1 signs and symptoms. 
Experiments in healthy volunteers showed similar results: plaster immobilization of an 
extremity for four weeks caused transient changes in skin temperature, mechanosensitivity 
and thermosensitivity (19).

If disuse caused by immobilization plays a role in the development of CRPS-1 signs 
and symptoms, then treatment of disuse should restore these disuse related signs and 

4
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symptoms. In chronic musculoskeletal pain, disuse and pain avoidance behaviour are 
prominent behavioural characteristics (20). In 2009, pain exposure physical therapy (PEPT) 
was developed as a countermeasure for disuse and pain-avoidance behaviour. PEPT is 
based on the assumption that behavioural and psychological factors can exacerbate 
pain and dysfunction and might help to maintain the condition (CRPS-1) in some patients 
(3,14). If disuse caused by immobilization and pain avoidance behaviour is an important 
contributor in the development of CRPS-1, then the incidence of CRPS-1 should be higher in 
patients treated conservatively compared to patients treated operatively. Compared with 
operative treatment, conservative treatment often leads to a longer immobilization period 
of an extremity. In the randomized controlled trial of Zollingers’ study, it was found that 
the incidence of CRPS-1 after distal radius fracture was higher after conservative treatment 
(4.5%) compared to that after operative treatment (2.1%) (21).

Several limitations of this pilot study need to be acknowledged:
1.  This is a small study (n=56) of patients with a distal radius fracture. Larger studies are 

necessary to obtain more accurate incidence numbers. However, as a proof of concept 
these numbers are sufficient to test safety and feasibility.

2.  A telephone interview may result in an under- or overestimation of scoring positive 
for CRPS using the Budapest diagnostic criteria. Still, a telephone interview as a 
(screening) tool for CRPS-1 in patients with a wrist fracture is an accepted method, 
and little discrepancy was found between the telephone interview and in-person 
assessments (15,22). In our study, we did not rely solely on the subjective criteria; the 
diagnosis of CRPS-1 was confirmed by an objective assessment, which reduces the 
possibility of under- or overestimation.

3.  The patients who were treated in our hospital did not receive a prescription of vitamin 
C. It may be possible that patients used vitamin C on their own. Vitamin C is usually 
taken in a lower dose than the dose prescribed for CRPS-1 prevention; therefore, this 
issue will likely not influence our incidence data.

4.  The specificity of the CRPS-1 diagnosis remains a weak aspect. There is no gold 
standard for diagnosing CRPS-1, which limits the results. We used the CRPS-1 
diagnostic criteria based on the most recent CRPS diagnosis consensus meeting in 
Budapest (8). These criteria have the highest sensitivity (0.99) and specificity (0.68) 
and are generally accepted as first choice for diagnosing CRPS-1 in research projects 
(9,16). In addition, the Budapest criteria have been used in the CRPS-outpatient clinic 
in the Radboudumc for several years and are well known by the clinic’s physicians. 
Based on these advantages, we chose to use the Budapest criteria.
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CONCLUSION

A home exercise program focusing on the prevention of disuse after a plaster 
immobilization of a distal radius fracture is safe and a feasible concept in preventing CRPS-
1. Future studies are needed to prove the preventive power of this home exercise program 
compared to standard preventive measures.

4
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ABSTRACT

Background
The optimal treatment for a distal radius fracture (DRF) remains an ongoing discussion. 
This study observed whether early activity postinjury can lead to the prevention of type 
1 complex regional pain syndrome (CRPS-1).

Method
Patients who underwent non-operative treatment of a DRF were invited to participate in 
this study. Patients followed an exercise programme with progressive loading exercises 
at home immediately after cast removal. After a minimum of two months, patients were 
interviewed by telephone to determine the presence of disproportionate pain. If present, 
the patients were seen during a clinical consultation to determine if they had CRPS-1, using 
the Budapest diagnostic criteria.

Results
Of the 129 patients included in this study, 12 patients reported disproportionate pain, and 
none were diagnosed with CRPS-1. The incidence of CRPS-1 was zero in this study.

Conclusion
A more active treatment approach seems to lower the incidence of CRPS-1. A larger 
randomized study is necessary to strengthen the evidence.
Level of evidence: Three
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INTRODUCTION

Distal radius fractures (DRFs) are common and account for 16% of all fractures seen in 
emergency departments (EDs) (1). Fractures of the radius and ulna account for 44% of those 
fractures seen in the ED in all age groups (2). They are frequently associated with falls in 
older populations (3). The optimal treatment for DRF and the duration of immobilization are 
still subject of debate. Therefore, this study observed whether early activity postinjury can 
lead to prevention of type 1 complex regional pain syndrome (CRPS-1) (4-7), a syndrome 
that can lead to high health care costs and inability to work (8).

CRPS-1 is described as a post-traumatic pain syndrome combined with an autonomic 
disorder and includes excessive pain, oedema, changes in skin blood flow, abnormal 
sudomotor activity, sensory and motor disturbances and severe disability leading to mood 
changes, loss of work capacity and decreased participation in recreational activities (9, 10). 
The diagnosis is based on a combination of symptoms reported by the patients and signs 
observed during physical examination by the physician. CRPS-1 can be diagnosed after 
the normal healing time for most fractures, often three months (10).

According to the current literature, the incidence of CRPS-1 after non-operatively 
treated DRFs ranges between 1 and 37% (11-14). The difference in incidence can be 
explained by the lack of standardized and reproducible diagnostic criteria (15, 16). Harden 
et al. validated the criteria to diagnose CRPS-1 at three months after the fracture, the so-
called Budapest criteria, which are now internationally accepted in clinical practice and 
research. By using these criteria, it was shown that in many patients diagnosed primarily 
with CRPS-1, an underlying alternative diagnosis such as arthrosis, an avulsion fracture, 
malalignment, ulnar-sided wrist pain or cellulitis could be made (13).

Concerning the treatment for CRPS-1, the perspectives on treatment options have 
changed (17). National and international guidelines showed that drug treatment in 
patients with chronic CRPS-1 had limited effects (18). After the introduction of several 
more cognitive and behavioural treatment methods, such as pain exposure in physical 
therapy (PEPT) and exposure in vivo, it appeared that disuse and kinesiophobia played 
an important role in the maintenance of CRPS-1 (2, 19-21).

During a small proof-of-concept study, we tested the hypothesis that early mobilization 
and activation could prevent the appearance of CRPS-1. In a group of patients with non-
operatively treated DRFs, we introduced a home exercise programme immediately after 
cast removal. The incidence of CRPS-1 was studied using the Budapest diagnostic criteria. 
A total of 56 patients with 57 fractures were included, and nobody was diagnosed with 
CRPS-1 after 3 months. This proof-of-concept study showed that the incidence of CRPS-1 
may be positively influenced when early mobilization is stimulated.

The aim of this study was to observe the incidence of CRPS-1 in a larger group of 
patients with non-operatively treated DRFs combined with an early mobilization protocol 
post injury.

5
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MATERIAL AND METHODS

Study protocol
This clinical observation study was designed as a continuation of the proof-of-concept 
cohort study, which was started in December 2012. The study was performed between 
December 2012 and July 2017 in a level-one trauma centre in the Netherlands. The local 
ethical committee approved the study (NL2014-1361).

Participants
Adult patients (age ≥ 18 years) who were undergoing non-operative treatment for a 
distal radius fracture were asked to participate in this study by their physicians. Patients 
predisposed to unreliably answering questions due to intellectual or language problems 
were excluded. Patients who gave informed consent received, after-fracture reduction and 
plaster cast immobilization, an information leaflet with instructions for a home exercise 
programme and an explanation about the role of pain. Moreover, they were informed 
that they would be approached for a telephone interview after at least two-three months 
following the fracture. If necessary, patients were invited for a visit to the outpatient clinic.

Clinical treatment procedure
The Orthopaedic Trauma Association (OTA) system was used for the classification of the 
distal radius fractures. After removal of the plaster cast (after four to six weeks of plaster 
cast immobilization), patients were taught how to exercise their fingers, forearm, and wrist. 
They were allowed to resume normal activities, gradually increasing the amount of weight 
and force of the affected arm and wrist used. This was based on the expected course 
of fracture healing explained by the home exercise leaflet (Figure 1). The instructions 
informed the patients on the importance of using and safely strengthening the arm and/
or wrist for proper healing of the fracture as well as for optimizing arm-hand function. The 
patients were strictly instructed to perform all exercises on a daily basis at home as soon 
as possible for a six-week period.

Emilyboersma-def.indd   72 08-10-21   09:57



73

CRPS: Early activation after a DRF

Figure 1 Example of a page from the instruction leaflet (English version). In this leaflet the home exercise 

program is explained. Patients need to perform the exercises every day and the exercises are intensified 

over the three months.

Measurements
After a minimum of two months following the fracture, the patients were interviewed 
by the attending physician/researcher by telephone. Compliance with the exercise 
programme was evaluated through a telephone interview using the question: “Have you 
been performing all the exercises from the instruction leaflet?” The telephone interview 
focused on the presence of disproportionate pain. The subjective items of the Budapest 
diagnostic criteria for CRPS-1 were scored by the interviewer (10). Patients scored positively 
on the subjective items of the Budapest diagnostic criteria when they answered ‘yes’ on the 
first question and when they answered ‘yes’ on one or more of the other questions. These 
patients were invited to visit the specialized CRPS-1 outpatient clinic of Radboudumc. 

5
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During the consultation at the outpatient clinic, an experienced clinician tested the 
objective Budapest criteria (signs), and an x-ray of the wrist was performed to establish a 
diagnosis (Table 1).

Variables that could potentially be associated with the occurrence of pain and CRPS-1, 
e.g., age, sex, classification of the fracture (OTA classification), side of the fracture (left or 
right arm), and complaints during the cast period were obtained from the patient’s medical 
file and during the potential CRPS outpatient clinic visit.

Table 1 Budapest diagnostic criteria for complex regional pain syndrome

Continuing pain, which is 

disproportionate to any inciting event

yes/no

Must report at least one symptom in three 

of the four following categories (subjective)

yes/no

Sensory: Reports of hyperalgesia and/or allodynia + -

Vasomotor: Reports of temperature asymmetry 

and/or skin color changes and/or skin color 

asymmetry

+ -

Sudomotor/Edema: Reports of edema and/or 

sweating changes and/or sweating asymmetry

+ -

Motor/Trophic: Reports of decreased range of 

motion and/or motor dysfunction (weakness, 

tremor, dystonia) and/or trophic changes (hair, 

nail, skin)

+ -

Must display at least one sign* at time of 

evaluation in two or more of the following 

categories (objective)

yes/no

Sensory: Evidence of hyperalgesia (to pinprick) 

and/or allodynia (to light touch and/or deep 

somatic pressure and/or joint movement)

+ -

Vasomotor: Evidence of temperature asymmetry 

and/or skin color changes and/or asymmetry

+ -

Sudomotor/Edema: Evidence of edema and/or 

sweating changes and/or sweating asymmetry

+ -

Motor/Trophic: Evidence of decreased range of 

motion and/or motor dysfunction (weakness, 

tremor, dystonia) and/or trophic changes (hair, 

nail, skin)

+ -

There is no other diagnosis that better 

explains the signs and symptoms

yes/no

Diagnosis CRPS-1 yes/no

* A sign is counted only if it is observed at time of diagnosis.

Abbreviation: CRPS-1; complex regional pain syndrome type 1
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Sample size calculation
A priori power analysis indicated that a sample of 134 patients would provide 80% 
statistical power (b = 0.20; alpha = 0.05) to detect a difference in incidence of CRPS-1 of 
7%, 1% for the expected incidence of the study population and 8% for the incidence based 
on the mean incidence in the literature (11-13). To account for a 10% loss to follow-up, we 
aimed to enrol 148 patients.

Statistical analysis
The continuous variables were described using means and standard deviations. Categorical 
variables were described using absolute numbers with percentages. To assess differences 
in descriptive results between the included patients and the dropout patients, we used a 
chi-squared test for the dichotomous and nominal variables and a t-test for the continuous 
variable.

The primary outcome was defined as the incidence of CRPS-1 diagnosed at the CRPS-1 
outpatient clinic. The secondary outcomes were diagnoses other than CRPS-1 and the 
incidence of disproportionate pain. The incidence of CRPS-1 was calculated by the number 
of patients with CRPS-1 divided by the total number of patients. The 95% confidence 
interval was calculated from the CRPS-1 incidence. The results and confidence intervals 
in this study were compared with the incidences and confidence intervals reported in the 
literature of CRPS-1 after a distal radius fracture treated with plaster cast immobilization. 
A multivariate logistic regression analysis was performed to investigate whether different 
patient characteristics influenced the incidence of CRPS-1.

RESULTS

Patient characteristics
Of the 375 patients with a wrist fracture treated between December 2012 and July 2017, 
165 patients were eligible and willing to participate in the study (Figure 2).

Of these 165 patients, 36 (22%) could not be reached by telephone. Thus, a total of 
129 patients with 131 fractures (two patients had a bilateral fracture) were included in the 
study. Patients were called after a minimum of two months postinjury. The mean time 
for calling patients for a follow-up (time between removing the cast and first follow-up 
with telephone interview) was 14 months (range 2 to 36 months; median of 13 months). 
Twelve patients were seen at the outpatient clinic and all of them were seen three months 
postinjury.

5
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Figure 2 A flowchart for the process of the included patients and the excluded and dropout patients.

The baseline characteristics of the included patients are shown in Table 2. The mean age 
was 59 (SD 17.71), 77.5% of the patients were female. Of the 131 fractures, 75 (57.3%) were on 
the left side, 55 patients had a type A fracture (42%), 24 had a type B fracture (18.3%), and 
52 had a type C fracture (39.7%). During the plaster cast immobilization period, 22 (16.8%) 
patients complained of pain. According to the patients’ replies during the telephone 
interviews, compliance with the exercise programme was 100%.

The characteristics of the drop-out patients (i.e., patients who could not be reached by 
telephone) were not significantly different compared to the characteristics of the included 
patients, as shown in Table 2.

Table 2 Patient characteristics

Characteristics Patients, n =129

(Included Patients)

Patients, n = 36

(Drop-out patients)

P - value

Sex, n (%)

 Female 100 (77.5) 26 (72.2) 0.56

 Male 29 (22.5) 10 (27.8)

Age, years, mean (SD) 59.0 (17.71) 53.33 (24.5) 0.11

Fractures n = 131 Fractures n = 36

Side fracture, n (%)

 Left 75 (57.3) 21 (58.3) 0.91

 Right 56 (42.7) 15 (41.7)

Fracture type, n (%)*

 23 A 55 (42.0) 16 (45.7) 0.19

 23 B 24 (18.3) 1 (5.7)

 23 C 52 (39.7) 17 (48.6)
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Table 2 Continued.

Characteristics Patients, n =129

(Included Patients)

Patients, n = 36

(Drop-out patients)

P - value

Complaints cast, n (%)**

 Yes 22 (16.8) 6 (16.7) 0.99

 No 109 (83.2) 30 (83.3)

Patient characteristics for the included and drop-out patients.

* Fracture classification by Orthopaedic Trauma Association (OTA)

** Complaints during treatment with a plaster cast

Abbreviation: SD, standard deviation.

Incidence of CRPS-1
Of the 129 patients, 117 (89%) did not report disproportionate pain during the telephone 
interview. Twelve patients (9.2%) reported disproportionate pain and were positive for the 
subjective Budapest diagnostic criteria. During the outpatient visit, none of the twelve 
patients were diagnosed with CRPS-1 when the objective symptoms of the Budapest 
criteria were assessed, resulting in a CRPS-1 incidence of 0% (95% CI of 0.00 – 0.028).

Of the 12 patients who were seen in the outpatient clinic, two patients were diagnosed 
with arthrosis (one pre-existent hand arthrosis, one thumb arthrosis), five with malunion 
and one with carpal tunnel syndrome. In four patients, the pain was associated with 
stiffness in the hand and wrist. These 12 patients were called approximately five and a 
half months postinjury.

DISCUSSION

In this study, we observed no patients with CRPS-1 when using an active approach 
including a home exercise programme, started immediately after a non-operatively 
treated DRF. Twelve (9.2%) patients had disproportionate pain and scored positive on the 
subjective items of the Budapest diagnostic criteria during a telephone interview. None 
of these 12 patients were diagnosed with CRPS-1 during an outpatient visit more than 
three months postinjury. In eight patients, an underlying diagnosis could be found, while 
in four patients, the pain was associated with stiffness in the hand and wrist. Therefore, 
we agree with Teunis et al. that CRPS-1 is less common than expected. To eradicate the 
stigma on CRPS-1, it is advisable to describe the disproportionate pain and rule out possible 
existing disability (22).

CRPS-1 is characterized by excessive pain, oedema, changes in skin blood flow and 
abnormal sudomotor activity after excluding other more common causes of these 
signs and symptoms (10). Despite extensive research, the exact mechanism of the 

5
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pathophysiology of CRPS-1 remains unclear. Recent literature shows that CRPS-1 should 
be seen as a multifactorial disease after injury (upper or lower extremity injuries) (13, 19, 
22, 23). Since it is difficult to provide an effective treatment, it might be important to 
seek recent evidence for possible factors that are correlated with the onset and possible 
prevention of CRPS-1. Catastrophic thinking, cast tightness, lower level of education, 
disuse and higher pain intensity are examples of factors correlated with a higher incidence 
of CRPS-1 after wrist fractures(22, 24-26). Terkelsen et al. showed that even in healthy 
volunteers, immobilization of an upper extremity with a plaster cast for four weeks causes 
transient changes in skin temperature, mechanosensitivity and thermosensitivity (23). In 
line with the study of Terkelsen et al., it seems highly likely that immobility and disuse 
can be an important factor in the development of CRPS-1 (including disproportionate 
pain) after a DRF. One way to treat these symptoms and prevent disuse is PEPT. PEPT 
was developed as a countermeasure for disuse and pain-avoidance behaviour. It is based 
on the assumption that behavioural and psychological factors can exacerbate pain and 
dysfunction. It was shown to be a good and cost-effective treatment for patients with 
CRPS-1 in the upper or lower extremity (19, 27-30).

In addition to disuse, catastrophic thinking (i.e., negative beliefs about pain leading 
to an overprotective response) is another factor that can lead to disproportionate pain 
and CRPS-1 after a fracture. Catastrophic thinking has often been correlated with chronic 
pain, disuse and CRPS-1 (24). If it remains unnoticed, it can lead to fear, avoidance of 
activity and disuse, which in turn causes stiffness and skin changes (e.g., swelling, shiny 
skin, and changes in hair patterns) (26). In this study, we did not measure the tendency 
for catastrophic thinking. In future studies, this should be studied in the outpatient clinic 
by using the Pain Catastrophizing Scale-short form (PCS-4) (31). Patients who are prone 
to catastrophic thinking, as determined by the PCS-4, should receive extra follow-up and 
better explanations for their pain complaints, possibly combined with additional care by 
a physical therapist.

Finally, a wait-and-see policy is important. In our study, we observed that patients 
who had disproportionate pain were called after approximately five and a half months. In 
comparison with the mean of this study, which was 14 months, these patients were called 
quite early. It seems that symptoms of disproportionate pain and CRPS-1-like symptoms will 
disappear but require a longer period than three months. As mentioned in the validation 
of the Budapest diagnostic criteria, CRPS-1 can only be diagnosed three months postinjury 
(10). However, as seen in our study, after three months CRPS-1-like symptoms could still 
be present. Patients should, however, receive an adequate explanation for these pain 
complaints and instructions about how to address them.

Taken together, this study and previous literature show that by describing CRPS-1 as 
a normal variation of the healing process after a traumatic injury and treating these 
multifactorial symptoms with a treatment focused on physical symptoms, social and 
psychological factors, fewer people will suffer from the debilitating syndrome CRPS-1, 
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and more people will receive adequate treatment. Most importantly, the stigma associated 
with CRPS-1 and the severity of the disease it represents can be changed.

This study has several limitations. First, we eventually had a lower number of participants 
than suggested by the power analysis calculation: 129 patients and 131 fractures were 
available for the analysis instead of 134 patients and fractures. Second, a telephone 
interview may result in an under- or overestimation of CRPS-1 prevalence. However, a 
telephone interview as a screening tool for CRPS-1 in patients with a wrist fracture is an 
accepted method, and little discrepancy was found between the telephone interview 
and the in-person assessments (32, 33). Third, a selection and motivation bias might have 
influenced the results. Of the 375 patients, 165 were eligible for this study and enrolled. 
It could be the case that the most motivated patients agreed to participate in the current 
study. Fourth, 36 patients (22%) dropped out because we could not reach them for 
telephone interviews. The descriptive analysis of these drop-out patients was not different 
from the included patients; therefore, we do not expect this created bias. Fifth, the mean 
time for the follow-up interview was 14 months postinjury. As shown in this study, patients 
with disproportionate pain were diagnosed with an underlying alternative diagnosis or 
were associated with hand and wrist stiffness but eventually recovered without CRPS-1. 
Therefore, we think that contacting these patients after an average of 14 months will not 
have created bias. It also showed us that even after more than a year, disproportionate 
pain symptoms may disappear and patients can have good functional outcomes. Sixth, 
we measured 100% compliance with the home exercise programme. However, we do 
not know whether patients actually performed all the exercises and how strictly they 
adhered to the exercise programme (i.e., frequency, proper form). In addition, it is not clear 
what the exact influence was of the instructions and exercise program on the increase 
of early mobilization. Seventh, the specificity of the CRPS-1 diagnosis remains difficult. 
There is no gold standard for diagnosing CRPS-1, which limits the results. We used the 
CRPS-1 diagnostic criteria based on the most recent CRPS-1 diagnosis consensus meeting 
in Budapest (10). These criteria have the highest sensitivity (0.99) and specificity (0.68) and 
are generally accepted as the first choice for diagnosing CRPS-1 in research projects (10, 
12, 16). In addition, the Budapest criteria have been used in the CRPS-1-outpatient clinic 
at Radboudumc for several years and are well known by the clinic’s physicians. Based on 
these advantages, we chose to use the Budapest criteria.

CONCLUSION

The incidence of CRPS-1 after a non-operatively treated DRF was zero in this study. A 
more active treatment approach seems to lower the incidence of CRPS-1. We should stop 
stigmatizing CRPS-1 as a severe chronic disease that is debilitating, but consider it a post-
traumatic symptom that can be treated adequately. The symptoms, which can be seen 
after a traumatic injury, are common three months after a DRF and require multifactorial 
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treatment. We suggest the following steps. The first steps are informing the patient 
properly, managing the patient’s expectations for the upcoming year and preventing 
disuse with a prompt and active home exercise programme. If disproportionate pain is still 
present after three to five months, other causes should be excluded. When these are not 
found, we suggest that CRPS-1-like symptoms can be accepted for up to 12 months while 
keeping psychological aspects in mind. However, a prospective study with a standardized 
mobilization program is needed to investigate the exact influence of an active treatment 
approach.
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ABSTRACT

Background
Complex regional pain syndrome (CRPS) is a symptom-based diagnosis of which the 
reported incidence varies widely. The aim of this study was to assess the trend in the 
incidence of CRPS after a distal radius fracture and in general in the Netherlands from 
2014-2018.

Methods
The incidence of CRPS after a distal radius fracture was calculated by dividing the number 
of confirmed cases of CRPS after distal radius fracture by the total number of patients 
diagnosed with a distal radius fracture. Medical records of these patients were reviewed. 
Hospital-based data were used to establish a trend in incidence of CRPS in general. A 
Dutch national database was used to measure the trend in the incidence of CRPS in 
the Netherlands by calculating annual incidence rates: the number of new CRPS cases, 
collected from the national database, divided by the Dutch mid-year population.

Results
The incidence of CRPS after distal radius fracture over the whole study period was 0.36%. 
Hospital data showed an absolute decrease in CRPS cases from 520 in 2014 to 223 in 2018. 
National data confirmed this with a decrease in annual incidence from 23.2 (95%-CI 22.5 
– 23.9) per 100 000 person years in 2014 to 16.1 (95%-CI 15.5 – 16.7) per 100 000 person 
years in 2018.

Conclusion
A decreasing trend of CRPS is shown in this study. We hypothesize this to be the result 
of the changing approach towards CRPS and fracture management, with more focus on 
prevention and the psychological aspects of disproportionate posttraumatic pain.
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INTRODUCTION

Complex regional pain syndrome (CRPS), also known as posttraumatic dystrophy or 
Sudeck’s dystrophy, is an unexplained pain syndrome that can occur following a variety 
of events. CRPS most commonly occurs after a fracture (1, 2). It is characterized by 
disproportionate pain and accompanying autonomic and motor disturbances (3, 4). The 
reported incidence of CRPS varies widely between 5.5 per 100 000 person-years in the 
US and 26.2 per 100 000 person-years in the Netherlands (1, 2). CRPS, specifically after a 
distal radius fracture (DRF), is frequently studied and has a reported incidence between 
0.8 and 37% (5-8).

Over the years, many suspected pathophysiological causes have been proposed, but 
scientific evidence is scarce and of low quality (9, 10). Consequently, a gold standard for 
the diagnosis of CRPS could never be established. Currently, the Budapest criteria are 
the best validated and most common internationally used criteria (11). The subjectivity 
of these criteria has raised the question of whether CRPS is actually a disease on its own 
or more of a functional pain syndrome (4, 9, 12, 13). These doubts are supported by the 
remarkable similarity between these symptoms and symptoms due to immobilization and 
disuse (14-17). Recently, multiple studies have been performed regarding disuse and CRPS 
after DRF. Not only have these studies confirmed the similarity between disuse and CRPS 
in clinical symptoms but they have also identified similar processes in the central nervous 
system (18-20). Based on these recent insights, new prevention and treatment methods 
have been developed. Recent studies have shown that short immobilization and early 
exercise after DRF can prevent disuse (21, 22). Furthermore, graded motor imaging (GMI) 
and pain exposure physical therapy (PEPT) after DRF, both addressing also the cognitive 
and behavioral aspects of pain, have shown promising results in recent clinical trials (23, 
24). However, there are no recent data on the incidence of CRPS. In this study, we aimed 
to determine the 5-year trend in the incidence of CRPS after DRF in the Netherlands from 
hospital data. Second, we aimed to validate this by estimating the 5-year trend in the 
incidence of CRPS in the Netherlands from both population-based data and hospital data.

METHODS

Research design
This study was a retrospective multicenter study. The 5-year trend in the incidence of CRPS 
was determined using both a national registration of diagnosis treatment combination 
(DBC) codes and DBC codes from the registries of three trauma centers in the Netherlands, 
Radboudumc, Amsterdam UMC, location VUmc and Maastrich UMC. This study was 
approved by the medical ethics board of Radboudumc as well as the medical ethical 
boards of the other participating centers Amsterdam UMC and Maastricht UMC.

6
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Case definition and data accumulation
In the Netherlands, all patients seen and treated in a hospital (outpatient and inpatient) are 
registered using a DBC code. Every specialism has its own range of DBC codes. As a result, 
the same condition will be scored under a different DBC code when treated by a different 
specialist. Hospitals are reimbursed based on these DBC codes. These registrations are 
gathered in a national database, the DBC Information System (DIS). For this study, a 
combination of open (i.e., freely accessible) DIS data from the national database and data 
derived from the DBC registration of three trauma centers were used. The following DBC 
codes corresponding to CRPS were obtained by assessing the different clinical pathways in 
the participating centers and specialties involved: DBC 150 (anesthesiology), 296 (surgery) 
and 2110 (orthopedics). A newly opened DBC code for CRPS was interpreted as a suspected 
case of CRPS, since they are used for validated diagnoses as well as for patients who are 
seen by a specialist but who are eventually not diagnosed with CRPS. DBC 212 (surgery) 
and 3110 (orthopedics) were identified to correspond with a DRF.

For the calculation of the incidence of CRPS after DRF and for the estimation of the 
incidence of CRPS in general (based on hospital data), data from the DBC registration of 
the three participating trauma centers were used.

Two lists of patients were extracted from the hospital registrations: all persons of all 
ages for whom DBC 212 or 3110 was opened between January 2014 and December 2018 
and all persons of all ages for whom DBC 296, 150 or 2110 was opened between January 
2014 and June 2019. After extraction, every patient was assigned a unique research ID to 
ensure confidentiality. By comparing both lists, a selection of patients with the possible 
diagnosis of CRPS after a DRF was identified. For these patients, the diagnosis was validated 
by the treating physician by reviewing their medical records. In all hospitals the same 
criteria are used for diagnosing CRPS: the Budapest criteria. These criteria have not been 
changed over the study period. A diagnosis was considered confirmed when the Budapest 
criteria were fulfilled and the precipitating event was a DRF. Age and sex were extracted 
from the database to allow for subgroup analyses as well as assessment of the association 
of age and sex with the incidence of CRPS.

To determine the trend in the incidence of CRPS in general in the Netherlands, the 
number of newly opened DBC codes for CRPS for the years 2014 to 2018 was collected 
using open DIS data from the national database. Data on the mid-year population of the 
Netherlands were obtained from the Central Bureau for Statistics. For clarification of the 
process of data accumulation, see Figures. 1A, 1B and 2.
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Figure 1 The flowchart shows the process of data accumulation for and analysis of the trend in incidence 

of suspected CRPS in the Netherlands using population-based data (A) and hospital-based data (B). DIS 

CRPS = cases of suspected CRPS derived from DIS data.

Figure 2 The flowchart shows the process of data accumulation for and analysis of the trend in incidence 

of CRPS after DRF in the Netherlands.

Analysis
Data management and analysis were performed using Stata. Standard descriptive statistics 
were used to compare categorical variables (chi-square test) or means (Student’s t-test).
First, the incidence of CRPS after a DRF was calculated by counting the number of 
confirmed cases of CRPS after a DRF (numerator) and dividing this by the total number 
of patients diagnosed with a DRF (denominator). Likewise, this ratio was calculated for 
the separate years together with the corresponding 95% confidence intervals. The 95% 
confidence intervals were calculated using the Score system. We considered there to be 
a significant trend when there was no overlap in 95% confidence intervals. The mean 
age and proportion of females were calculated for the subsequent years along with 95% 
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confidence intervals. These were compared to determine whether these variables had 
changed over the years.

The trend in incidence of CRPS in general were derived from the hospital-based data 
by using the absolute numbers of newly opened DBC codes for CRPS as well as relative 
frequencies. The mean age and gender of patients suspected of having CRPS were 
compared between the years using the same method as described for CRPS after DRF.
The incidence rate of suspected CRPS in general in the Netherlands was calculated by 
dividing the number of newly opened DBC codes for CRPS, as extracted from national 
DIS data (numerator), by the Dutch mid-year population (denominator). Subsequently, the 
trend in the incidence of CRPS was assessed by describing the absolute number of newly 
opened DBC codes each year and by calculating the annual incidence rates of suspected 
CRPS along with their 95% confidence intervals. Additionally, to determine if there was a 
significant trend in incidence, a Poisson regression analysis was performed. The population 
was added as the offset value. To allow comparison with the incidence rate calculated 
by De Mos and colleagues, the standard morbidity ratio (SMR) was calculated using the 
indirect standardization method (standardizing according to age and gender) and using 
the study population of De Mos and colleagues as the standard population (1).

RESULTS

Hospital-based trend in incidence of CRPS after DRF
A total of 5488 patients with a DRF were included. There were 30 suspected cases of CRPS, 
and of these, 20 were confirmed after reviewing the medical records. The other 10 cases 
did not meet the Budapest criteria. The proportion of suspected cases that were confirmed 
after review of medical records was 0.67 (95%-CI 0.47 – 0.83).
Descriptive characteristics are displayed in Table 1. We found an incidence of CRPS after 
DRF of 0.36%. The difference in the incidence of CRPS after DRF between the three centers 
is shown in Table 2.

There was no significant difference in the annual incidence rates of CRPS after DRF 
(See Table 3). For patients with CRPS, there was no significant difference over the years in 
mean age (2014: 70 years, based on two patients, therefore the 95% CI was not calculated; 
2018 52.6 years, 95% CI 31.0-74.2) or proportion of females (2014: 0.5, 95% CI 0.01-0.99; 2018 
0.6, 95% CI 0.15-0.95). Additionally, for patients suspected of having CRPS, there was no 
significant difference over the years in mean age (2014 61.9 years, 95%-CI 54.4-69.4; 2018 
52.6 years, 95%-CI 31.0-74.2) or proportion of females (2014 0.8, 95%-CI 0.44-0.97; 2018 
0.6, 95%-CI 0.15-0.95).
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Table 1 Surgeon and clinical characteristics, study B

Surgeon variables Total

N=68

Without guideline

N=38

With guideline

N=30

P value

Men 63 (93) 35 (92) 28 (93) 1.00
Continent of practice
 United States 43 (63) 21 (55) 22 (73) 0.344
 Europe 13 (19) 9 (24) 4 (13)
 Other 12 (18) 8 (21) 4 (13)
Years in practice
 0-5 17 (25) 10 (26) 7 (23) 0.478
 6-10 16 (24) 11 (29) 5 (17)
 11-20 25 (37) 11 (29) 14 (47)
 21-30 10 (15) 6 (16) 4 (13)
Supervising trainees 56 (82) 30 (79) 26 (87) 0.528
Main specialty
 Hand and Wrist 53 (78) 28 (74) 25 (83) 0.605
 Shoulder and Elbow 13 (19) 9 (24) 4 (13)
 Other 2 (2.9) 1 (2.6) 1 (3.3)

Variables as number (percentage).

Table 2 Incidence of CRPS in the three participating centers

Center Incidence ratio (%) p-valuea

1 0.09

2 0.08 0.87

3 0.93 0.06

a. p-value compared to center 1.

Table 3 Annual incidence rates of CRPS after DRF

Year DRF cases CRPS cases Incidence (%) 95%-CI

2014 827 2 0.24 0.07 -0.88
2015 1062 5 0.47 0.20-1.10
2016 1210 8 0.66 0.34-1.30
2017 1181 0 0 -
2018 1208 5 0.41 0.18-0.97

Hospital-based trend in the incidence of CRPS in general in the Netherlands
Between 2014 and 2018, a total of 1737 new DBC codes for CRPS were opened in the 
participating centers. The annual numbers of newly opened DBC codes for CRPS are 
displayed in Figure 3. The centers included in this study comprised 10% of all the DBC 
codes for CRPS in the Netherlands between 2014 and 2018.

6
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Figure 3 The chart shows the trends in opened DBC codes for CRPS based on DIS data and hospital-based 

data.

The mean age of all suspected CRPS cases was 48.8 years (95%-CI 48.1-49.6). There was 
no significant difference between the age of males and females (males 49.7 95%-CI 48.2-
51.3; females 48.6 95%-CI 47.7-49.5). The mean age remained similar during the study 
period: 48.5 years in 2014 (95% CI 47.1-49.9) and 47.6 years in 2018 (95% CI 45.4-49.8). 
The distribution of age is shown in Figure 4. The proportion of females was 0.78 (95%-CI 
0.76-0.80), ranging from 0.75 in 2014 (95%-CI 0.71-0.79) to 0.78 in 2018 (95%-CI 0.72-0.83).

Figure 4 The chart shows the age distribution of patients suspected of having CRPS.

Population-based trend in the incidence of CRPS in general in the Netherlands
A total of 17114 new DBC codes for CRPS were opened in the Netherlands from 2014 to 
2018. The annual numbers of newly opened DBC codes for CRPS are displayed in Table 4.

The incidence rate of suspected CRPS over the whole study period was 20.1 (95%-CI 
19.8 – 20.4) per 100 000 person years. The trend in the annual incidence rates of suspected 
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CRPS is illustrated in Figure 5. The annual incidence decreased from 23.2 (95%-CI 22.5 – 
23.9) per 100 000 person years in 2014 to 16.1 (95%-CI 15.5 – 16.7) per 100 000 person years 
in 2018. The Poisson regression analysis showed a significant trend with a yearly decrease 
in incidence of 7.6% (p<0.001).

The SMR for the whole study period was 0.61 (95%-CI 0.60 – 0.61), meaning that we 
found an incidence rate of cases suspected for CRPS that was 0.61 times the incidence rate 
of confirmed CRPS cases found in the study of De Mos and colleagues (1). In other words, 
we found a 1.6-times lower incidence rate. After standardizing the annual incidence rates 
to the study population of De Mos and colleagues, the decreasing trend in incidence was 
sustained: 20.9 (95%-CI 20.2 – 21.5) per 100 000 person years in 2014 to 14.1 (95%-CI 13.6 
– 14.6) per 100 000 person years in 2018 (see Table 4).

Table 4 Crude and standardized incidence rates of CRPS according to calendar year

Year Mid-year populationa Cases Crude IR Standardized IRb SMRb

2014 16865007.5 3909 23.2 (22.5-23.9) 20.9 (20.2-21.5) 0.71 (0.69-0.73)
2015 16939923 3526 20.8 (20.1-21.5) 18.6 (18.0-19.2) 0.63 (0.61-0.65)
2016 17030313.5 3608 21.2 (20.5-21.9) 18.8 (18.2-19.4) 0.64 (0.62-0.66)
2017 17131295.5 3305 19.3 (18.7-20.0) 17.0 (16.4-17.6) 0.58 (0.56-0.60)
2018 17231623.5 2766 16.1 (15.5-16.7) 14.1 (13.6-14.6) 0.48 (0.46-0.50)
Total 85198163 17114 20.1 (19.8-20.4) 17.8 (17.6-18.1) 0.61 (0.60-0.61)

a. Using population numbers of the Central Bureau of Statistics (CBS).

b. Using the study population of De Mos and colleagues as the standard population

Figure 5 The graph shows the crude annual incidence rates of CRPS in the Netherlands with upper and 

lower 95% confidence intervals.
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DISCUSSION

The reported incidence of CRPS varies widely between 5.5 per 100 000 person-years in 
the US and 26.2 per 100 000 person-years in the Netherlands (1, 2). CRPS, especially after 
a distal radius fracture (DRF), is frequently studied and has a reported incidence between 
0.8 and 37% (5-7, 25). The current study provides data on the epidemiology of CRPS after 
a DRF and CRPS in general.

This study found that de incidence of CRPS after a DRF was 0.36%. This incidence is among 
the lowest incidences reported in literature, which vary between 0.8 and 36% (5-7, 26). 
There was no trend in the annual incidence rates of CRPS after DRF. However, proving 
a significant decrease in incidence of CRPS after DRF is very hard since the incidence is 
near 0% and therefore it would require a very large study population. Regarding CRPS in 
general, the hospital-based data showed a decrease in absolute number of cases suspected 
for CRPS. This is supported by the national data, which shows that the incidence of CRPS 
gradually decreased from 2014 to 2018 from 23.3 to 16.1 per 100 000 person years. Over the 
whole study period an incidence rate of 20.3 per 100 000 person years was found, which 
was 1.6 times lower than the incidence rate found by de Most et al. in 2007.

The changing approach towards CRPS, as described in recent literature, is a plausible 
explanation for the low incidence of CRPS after DRF and decreasing trend of incidence of 
CRPS in general found in this study (2, 9, 12). Over the last decade, a different perspective 
on the etiology of CRPS has been raised. There are suggestions that we should stop 
stigmatizing CRPS as a severe debilitating disease and rather describe it as a variation of the 
healing process (27,28). This view is supported by recent insights into the importance of the 
length of cast immobilization and prevention of disuse in the development of CRPS after 
a DRF (14-16). For example, Terkelsen and colleagues showed that four weeks of forearm 
immobilization causes symptoms very similar to those associated with CRPS. Furthermore, 
similarities are noted between CRPS, other pain syndromes and functional neurological 
disorders (FND), suggesting new points of engagement for prevention and therapy (13, 27, 
29). Linton and colleagues described how catastrophic thinking, an exaggerated negative 
orientation towards pain, leads to fear and disuse and is a marker of the development 
of long-term problems in patients with pain syndromes such as low back pain. This is 
consistent with findings by Teun and colleagues, who found that catastrophic thinking 
plays an important role in developing and maintaining symptoms of CRPS (27).

Based on these findings, a shift is seen in clinical practice and in recent research 
towards shorter cast immobilization for non-operative treated fractures of the distal 
radius. This study found an incidence of CRPS of 0.36% after a DRF. The low incidence 
in this study might be explained by the shift in treatment with shorter immobilization 
periods for DRF in the Netherlands. Shorter periods of immobilization might lead to even 
less disuse and posttraumatic pain. A recent systematic review of Delft and colleagues 
showed that for non-reduced DRF shorter cast immobilization leads to better or similar 
patient reported outcomes (30). Additionally to the length of immobilization, informing the 

Emilyboersma-def.indd   94 08-10-21   09:57



95

CRPS: Incidence of CRPS 

patient properly, managing the patient’s expectations and encouraging normal use of the 
limb, with for example an active home exercise program, is evenly so important to manage 
the psychological impact of a trauma and thereby prevent disuse and disproportionate 
pain (28). An active home exercise program is often based on the same principles as 
PEPT treatment, namely the assumption that behavioral and psychological factors can 
exacerbate pain and dysfunction (23, 31). Further research should be done to investigate 
whether short immobilization periods including home exercise programs for DRF, is safe 
and leads to less posttraumatic pain and better patient reported outcomes.

Another explanation for the decreasing incidence of CRPS found in this study, is having 
more scrutiny in the assessment of the differential diagnosis of CRPS. The diagnostic 
criteria state that ‘CRPS is excluded if another diagnosis can better explain the signs 
and symptoms’. This is best insured by a specialized multidisciplinary team, as recently 
stated by a task force of the European Pain Federation (32). It has been shown that, in the 
majority of the cases, these teams can make an alternative diagnosis through assessment of 
patients suspected of CRPS (33). In the Netherlands, there are six centers with such expert-
teams in CRPS, of which three were included in this study. Differences in interpretation of 
‘continuous and disproportionate pain’ can influence the incidence of CRPS as well. In our 
study, a difference was found between the incidence of CRPS after DRF in one center and 
that in the other two centers, most likely due to differences in definition. Previous studies 
have mentioned this as a possible influence on the incidence as well (1, 2, 34).

There are a number of limitations to this study, which were mainly inherent to the use 
of a retrospective administrative database. Regarding the incidence rate of CRPS, a possible 
weakness was the absence of a specific DBC for CRPS within rehabilitation medicine. As a 
result, we were unable to include cases that might have been diagnosed by a physiatrist, 
possibly resulting in an underestimation of the incidence rate of CRPS. Second, the use 
of only hospital-based data in this study might explain the low incidence rate found in 
this study. However, the general opinion is that CRPS should be diagnosed by an expert; 
therefore, hospital-based data should represent the incidence of CRPS more accurately. 
Moreover, we expect that any degree of underestimation is exceeded by the degree of 
overestimation due to the large proportion of suspected cases of CRPS included and the 
possibility that the same patient could be registered multiple times under different DBC 
codes for CRPS belonging to different specialties. Additionally, we expect that the degree 
of under- or overestimation is continuous over the years and thus does not influence the 
trend in the incidence of CRPS. Third, a limitation of the hospital-based data was that it only 
comprised data from three of the six trauma centers in the Netherlands with expertise in 
CRPS. Unfortunately, three centers declined participation in this study. However, the data 
from the three participating centers were so evident that we don’t think we would have 
found a much different trend in incidence, using the data of all six hospitals. Finally, the 
reliability of the diagnosis of CRPS in itself is a limitation. The criteria have been changing 
over the years and remain subjective as shown by the difference in diagnosis of CRPS 
between hospitals (6, 9, 35). As pointed out by Ring et al. pain is a continuous scale rather 
than a dichotomous outcome, and correlates better with the psychological aspects as 
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pointed out earlier than with measures of pathophysiology or impairment (4). This remains 
a limitation of all studies regarding CRPS and makes it difficult if not impossible to interpret 
and compare results of previous incidence studies. However, during the study period of 
this study these criteria have remained unchanged and there has been no change in policy 
regarding CRPS of the different hospitals. Therefore, we expect that its influence on the 
incidence is the same over the years and does not influence the trend in incidence of CRPS.

CONCLUSION

This study shows an incidence of CRPS after DRF which is among the lowest incidences 
reported in literature. The incidence of CRPS in general seems to decrease over the years. 
The changing clinical approach towards CRPS and fracture management, with more 
focus on prevention and the psychological aspects of posttraumatic pain, may explain 
the decrease in CRPS incidence. Future practice and research should focus on prevention 
and treatment of posttraumatic pain.
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ABSTRACT

Background
Distal radius fracture is a common fracture of which the incidence appears to be increasing 
worldwide. This pilot study investigated whether one week of plaster cast is feasible for 
non-reduced (stable fractures including non-displaced and displaced fractures) distal 
radius fractures.

Material and Methods
The study was a multicenter randomized clinical feasibility trial including patients from 
regional acute care providers. Patients with a non-reduced distal radius fracture were 
included in the study. Non reduced fractures meant intra- or extra-articular fractures and 
including non-displaced and minimal displaced fractures (dorsal angulation less than 
5-10 degrees, maximum radial shortening of 2 mm and maximum radial shift of 2 mm) 
not needing a reduction. 40 Patients were included and randomized. After one week of 
plaster cast patients were randomized to one of the two treatment groups: plaster cast 
removed (intervention group) versus four to five weeks of plaster cast (control group). 
Secondary displacement, functional outcome using the patient rated wrist evaluation 
score and disability of the arm, hand and shoulder questionnaire and pain using visual 
analogue score and PROMIS pain interference were measured after 6 weeks, three, six 
and twelve months.

Results
The analysis shows no significant differences between the two groups in having less pain, 
better function after six weeks and better overall patient satisfaction. No difference was 
shown in secondary displacement between the two groups (control 1 vs intervention 0).

Conclusion
One week of plaster cast treatment for non-reduced distal radius fracture is feasible, 
preferred by patients, with at least the same functional outcome and pain scores.
Level of evidence: According to the Oxford 2011 level of evidence, the level of evidence 
of this study is two.

Trial registration: Clinicaltrials, NCT03240471. Registered 18 July 2017.
https://clinicaltrials.gov/ct2/show/NCT03240471?cond=cast+off&draw=2&rank=1
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INTRODUCTION

Distal radius fracture (DRF) is a common fracture of which the incidence appears to increase 
worldwide (1, 2). Literature has mainly focused on treatment options for unstable DRF for 
which several treatment modalities have been advocated (3, 4). To date, there are only a few 
studies that have investigated the duration of immobilization for non-operatively treated, 
stable DRF’s. A systematic review from 2018 studied the duration of immobilization for 
these fractures. The study showed that an immobilization period of three weeks or less is 
equally effective compared to longer immobilization and might even be associated with 
better functional outcome (5).

In the Dutch DRF guideline (2010), the treatment advice for a non-reduced DRF is 
plaster cast or brace immobilization varying between one to three weeks (3). Despite this 
advice in the guideline and evidence from the literature (5), the usual length of plaster cast 
treatment for a stable or non-reduced DRF varies between four to six weeks. Recent studies 
have shown that a long period of immobilization can lead to more risk of post traumatic 
pain including complex regional pain syndrome (CRPS) (6-8).

Based on the literature and keeping the discomfort plaster cast can give to patients 
in mind, this study will give a first answer on whether plaster cast for one week is feasible 
for non-reduced DRF. This study will investigate whether one week of plaster cast 
immobilization is safe with at least the same complication rate, and will lead to better or the 
same functional results and pain scores as four-five weeks of plaster cast immobilization. 
In addition, the results of this study will be used to design a larger national study.

METHODS

Study design
The study was a multicenter randomized clinical feasibility trial and was performed from 
July 2017 until December 2019. Adult patients with a non-reduced DRF were included in 
the study. After one week of plaster cast immobilization, patients were randomized to 
one of the two treatment groups: four to five weeks of immobilization (control group) 
versus plaster cast removed (intervention group) (Figure 1). Outcomes were measured at 
baseline (one-week post trauma), week four to five, week six, and at three, six and twelve 
months post injury.

Patients were treated, included and randomized at Radboudumc, Rijnstate Hospital 
and Hospital Gelderse Vallei. These hospitals collaborate as regional acute care providers. 
We included and randomized 40 patients.

7
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Figure 1 Cast-OFF trial study design.

Participants
Patients with an acute non-reduced DRF who were diagnosed at the emergency 
department of the three participating hospitals were eligible for inclusion in the study. 
The inclusion criteria were females/males between the age of 18 and 75 years old with 
an isolated, non-reduced DRF. Non reduced fractures meant intra- or extra-articular 
fractures and including non-displaced and minimal displaced fractures (dorsal angulation 
less than 5-10 degrees, maximum radial shortening of 2 mm and maximum radial shift 
of 2 mm) not needing a reduction. Patients were to have a good understanding of the 
Dutch language. All patients who did not receive a reduction, decided by their treating 
emergency physician, were eligible for inclusion.

Procedure
In the emergency department, the treating physician explained the study and gave the 
patient the information letter and informed consent form. All patients were treated with a 
plaster splint for one week in slightly volar and ulnar deviation. After one week all patients 
were seen at the hospital outpatient clinic (plaster room). Patients who were eligible for the 
study and gave written informed consent were included and randomized for one of the 
two groups: change to circular plaster cast (control group) or splint removal (intervention 
group). The randomization was performed by using a randomization program from the 
Castor database which allowed for a blindly allocation of participants. All patients who 
participated in the study were asked baseline questions about demographic variables, 
pain and use of pain medication.

For the intervention group the splint was removed after one week at the outpatient 
clinic. Patients were offered to use an elastic tubular support bandage. After four to 
five weeks post injury these patients were seen a second time at the outpatient clinic. 
During this visit an examination of the wrist (Range Of Motion (ROM) and neurovascular 
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status of the hand and wrist) was performed. Additional questions were asked about the 
functioning of their arm, pain, use of pain medication and return to work for the last three 
to four weeks.

For the control group, usual care was performed: a visit to the outpatient clinic after one 
week for a plaster cast change to a circular cast following the Dutch guidelines. After four 
to five weeks post injury, these patients were seen for the second time at the outpatient 
clinic where the plaster cast was removed. The same examinations and questions were 
asked as for the intervention group.

For both groups, patients were given a home exercise program after removal of the 
plaster cast, with additional verbal instructions about the importance of using their arm 
and performing the exercises at home.

Follow up for all participants took place with questionnaires at six weeks and three, 
six and twelve months post injury. Questionnaires were sent to the patients via email and 
they were interviewed over telephone for extra follow up questions if necessary. Figure 
1 explains the study design.

Outcome measures
Patients were asked several questions during the outpatient clinic visits at one week and 
four to five weeks post injury, see Additional file 1 and Figure 2.

The follow-up period consisted of an outpatient clinic visit after four weeks, 
questionnaires sent at six weeks, three, six and twelve months post injury. The 
questionnaires were sent via email (Figure 2). The questionnaires included, the 
Patient Rated Wrist Evaluation score (PRWE), Disability of the Arm, Hand and Shoulder 
Questionnaire (DASH), PROMIS pain interference and Visual Analogue Scale (VAS) score 
and the Short Form-36 (SF-36) (6, 9-19). Complications were scored using the complication 
checklist for DRF from McKay (20) and questions about pain medication, work absence, 
patient satisfaction and the experiences with the study participation were asked. The 
Budapest Diagnostic criteria was used for scoring CRPS (21).

After one year the patients were asked if they were treated by a physiotherapist for their 
wrist over the past year. See Additional file 2 for information on the questionnaires used.

7
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Figure 2 Cast-OFF trial Follow-Up schedule. Week one and four are follow-up appointments at the out-

patientclinic. From week six, the follow-up took place via questionnaires.

Process evaluation
As this was a feasibility study a process evaluation was added. The evaluation focused on:
1. Willingness of participant. Reasons for not willing to participate, if voluntarily provided, 
were gathered and analyzed. Additionally, participants were asked to give feedback on 
the study design and give their reaction to the intervention.
2. The study design was evaluated afterwards. This included evaluation of the inclusion 
process, the intervention and the follow-up with questionnaires.

Sample size calculation
This study was a feasibility study and therefore did not include a power analysis. Results 
will be used for a sample size calculation for a larger trial.

Statistical analysis
An intention to treat and per protocol analysis was performed to compare the outcomes 
between the control and intervention group. For the per protocol analysis we compared 
the intervention and control group, not based on the randomization but based on the 
treatment they received.

Descriptive analysis with median, range and percentage were used to describe 
demographic variables.
All reported P values are 2 sided and are considered significant at P<0.05.
For missing data from patients who fulfilled the study, we analyzed the available data.

The results from the PRWE, DASH, pain indicated on a VAS and with the PROMIS pain 
interference score and Quality of life (SF-36) were analyzed with a bivariate analysis. The 
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association between Patient Rated Outcome (PRO) scores and treatment group was 
investigated in multilevel linear mixed model with an unstructured parameterization for 
longitudinal covariance. Age, gender, VAS pain score, and fracture classification were used 
as fixed factors with time as the random factor. We used a random intercept and slope 
model. To investigate whether rate of change in PRO score over time was different between 
the intervention and control group, we studied the interaction between treatment (control 
vs intervention) group and time. We used the per protocol analysis for the multilevel linear 
mixed analysis.

The difference in complication rate was determined using a Fisher Exact test.

RESULTS

Patient characteristics
A total of 40 patients were included in this RCT feasibility study. Twenty patients were 
randomized in the intervention group and 20 in the control group; eventually 14 
patients were treated following the control group protocol and 26 patients following the 
intervention group protocol due to cross over, see Figure 3 and 4. See Table 1 for patient 
characteristics.

Four weeks post injury
Using the intention to treat analysis, no significant difference was found between the two 
groups for general health, VAS score after four weeks, disability, activity, limitations due 
to pain or fear, use of pain medication and use of vitamin C, see Table 2. Using the per 
protocol analyses (patients analyzed in the groups they were treated), there was also no 
significant differences between the two groups, see Table 2.

Multilevel linear mixed analysis
In multilevel linear mixed model analysis adjusted for age, gender, VAS score at baseline, 
fracture classification and time of data collection, there were no differences in DASH 
score, PRWE score and PROMIS PI score between patients who were randomized in the 
control group or the intervention group (respectively DASH: Coeff -1.97; 95% CI -9.49 to 
5.55, P-value 0.61; PRWE: Coeff -4.91; 95% CI -11.23 to 1.1, P-value 0.13; PROMIS PI: Coeff 
-3.52; 95% CI -7.61 to 0.57, P-value 0.09). There was no statistically significant interaction 
between treatment and time for any of the PRO scores (p=0.76 for DASH, p=0.45 for PRWE 
and p=0.55 for PROMIS PI). However, in general, al PRO scores decreased over time, with 
the highest scores after six weeks. There were 28 subjects with at least two measurements 
of DASH score. This number was 30 and 31 for PRWE score and PROMIS Pain Interference 
score, respectively.

7
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Patient reported outcome
After six weeks, using the intention- to-treat analysis the intervention group scored 
significantly lower on the DASH score and PROMIS PI (DASH control 28.8 vs intervention 
15.6, p = 0.05 and PROMIS PI control 56.7 vs intervention 51.6, p = 0.04). After three months 
and twelve months the intervention group scored significantly lower on the PROMIS PI (3 
months: 49.9 vs 44.2, p = 0.03; 12 months: 47.0 vs 41.5, p = 0.03). See Table 3 for the results of 
the PRWE, DASH and PROMIS PI scores after six weeks, three, six and twelve months. Using 
the per protocol analyses, there was no significant difference between the control group 
and the intervention group for the DASH, PRWE and PROMIS PI score. However, after six 
weeks an advantage for the intervention group was shown in lower scores for the DASH, 
PRWE and PROMIS PI, see Table 3.

Short form 36
After six weeks the intervention group scored better on the physical function, general 
health and health change sections (control vs intervention: Physical function 68.7 vs 86.8, 
p = 0.02; general health 60.3 vs 83.5, p < 0.01; health change 41.7 vs 54.4, p < 0.01). After 
three, six and twelve months the intervention group scored better for the section pain 
(control vs intervention: pain 3 months 69.4 vs 85.9, p = 0.04; pain 6 months 75.6 vs 90.2, 
p = 0.04; pain 12 months 75.7 vs 93.8, p = 0.02), see Table 4. The per protocol showed no 
significant difference between the groups except for emotional problems after 12 months 
(control vs intervention: 80.0 vs 100.0, p = 0.03), see Table 4.

Complications
One secondary displacement was seen in the control group (treated with four to five weeks 
immobilization, secondary displacement did not need correction). In the control group 
two patients were scored for bone and joint complications (Ulnar Sided Wrist Pain (USWP) 
and Distal Radial Ulnar Joint (DRUJ) pain) and one with tendon complaints (diagnosed 
with tendovaginitis).
Table 5 Complications

Control Intervention

Variables N = 14 (35%) N = 26 (65%)

Secondary dislocation 1 (7.1) 0 (0)
Nerve 0 (0) 0 (0)
Bone/Joint 2 (14.3) 1 (3.9)
Tendon 1 (7.1) 0 (0)
Other 0 (0) 0 (0)
CRPS 0 (0) 0 (0)
 CRPS subjective 6w 6 7
 CRPS subjective 3m 1 3
 CRPS subjective 6m 0 2
 CRPS subjective 12m 0 1

Discrete variables as number (percentage); CRPS = Complex Regional Pain Syndrome; w= weeks; 

m= months
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In the intervention group one patient was diagnosed with USWP, see Table 5. After six 
weeks, 13 patients scored positive for post traumatic pain, the subjective criteria of the 
Budapest criteria for CRPS (control n=6; intervention n=7), see Table 5. No patients were 
diagnosed with CRPS over one-year follow-up.

Process evaluation
Cross over from one treatment group to the other took place in eight patients; seven 
patients went from the control group to the intervention group due to preference of the 
patients (n=4) or by mistake by the plaster technician (n=3). One patient crossed from the 
intervention to the control group due to pain complaints, see Figure 4. The mean age for 
the patient who switched from the control group to the intervention group was 65.1. The 
mean VAS score at base line was 1.6. See Additional file 3.

The follow up with questionnaires showed a completion rate of 63% after 12 months. 
Especially the DASH score was not completed. Patients found the questionnaires too long.
Patients were asked when they returned to work post injury. The mean was 2.8 weeks and 
there was no difference between the two groups (both mean 2.8 weeks).

Figure 3 Cast-OFF study design, including cross over patients.

7
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Table 1 Patient characteristics

Intention to Treat

Control Intervention

Variables N = 20 N = 20 P-value

Age 59 ± 9.9 48 ± 16.0 0.012
Gender (female) 16 (80) 13 (65) 0.48
Dominant hand * 18 (90) 18 (90) 1.0
Fracture history ** 0 (0) 1 (5) 1.0
Smoking 0 (0) 3 (15) 0.23
VAS score 2.6 ± 1.8 2.0 ± 1.4 0.24
Pain medication 8 (40) 7 (35) 1.0
Vitamin C 7 (35) 6 (30) 1.0
AO classification
 23 A 4 (20) 8 (40) 0.49
 23B 7 (35) 5 (25)
 23C 9 (45) 7 (35)
Per protocol

N = 14 N = 26
Age 56.5 ± 9.6 52.3 ± 16.2 0.38
Gender (female) 10 (71) 19 (73.1) 1.0
Limb dominance * 13 (92.9) 23 (88.5) 1.0
Fracture history ** 1 (7.14) 0 (0) 0.35
Smoking 0 (0) 3 (11.5) 0.54
VAS score 3.1 ± 1.9 1.9 ± 1.3 0.024
Pain medication 6 (42.9) 9 (34.6) 0.74
Vitamin C 6 (42.9) 7 (26.9) 0.48
AO classification
 23 A 2 (14) 10 (38.4) 0.32
 23B 5 (35) 7 (26.9)
 23C 7 (50) 9 (34.6)

Bold indicates significant difference; continuous variables as mean ± standard deviation; discrete variables 

as number (percentage); VAS = visual analogue scale; * fracture at dominant limb; ** fracture in the past 

at same side
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Table 2 Four weeks post injury (DRF)

Intention to treat Per protocol

Control Intervention Control Intervention

Variables N = 20 (50%) N = 20 (50%) P-value N = 14 (35%) N = 26 (65%) P-value

General health
 Poor 0 (0) 0 (0) 0.26 0 (0) 0 (0) 0.15
 Fair 1 (5) 2 (10) 1 (7.14) 2 (7.7)
 Good 14 (70) 8 (40) 10 (71.4) 12 (46.2)
 Very good 3 (15) 8 (40) 1 (7.14) 10 (38.5)
 Excellent 2 (10) 2 (10) 2 (14.3) 2 (7.7)
VAS after 4 weeks 2.2 ± 1.9 2.0 ± 1.7 0.73 1.9 ± 2.0 2.2 ± 1.7 0.62
Disability
 Not at all 3 (15) 4 (20) 0.19 1 (7.14) 6 (23.1) 0.18
 Slightly 14 (70) 8 (40) 11 (78.6) 11 (42.3)
 Moderately 3 (15) 7 (35) 2 (14.3) 8 (30.3)
 Quite a bit 0 (0) 1 (5) 0 (0) 1 (3.9)
 Extremely 0 (0) 0 (0) 0 (0) 0 (0)
Activity
 Not at all 6 (30) 5 (25) 0.55 4 (28.6) 7 (26.9) 0.29
 Slightly 10 (50) 13 (65) 6 (42.9) 17 (65.4)
 Moderately 1 (5) 2 (10) 2 (14.3) 1 (3.9)
 Quite a bit 2 (10) 0 (0) 1 (7.14) 1 (3.9)
 Extremely 1 (5) 0 (0) 1 (7.14) 0 (0)
Limitations due to pain
 No 14 (70) 9 (45) 0.20 9 (64.3) 14 (53.9) 0.74
 Yes 6 (30) 11 (55) 5 (35.7) 12 (46.1)
Limitations due to fear
 No 17 (85) 14 (70) 0.45 11 (78.6) 20 (76.9) 1
 Yes 3 (15) 6 (30) 3 (21.4) 6 (23.1)
Pain medication
 No 15 (75) 18 (90) 0.41 10 (71.4) 23 (88.5) 0.21
 Yes 5 (25) 2 (10) 4 (28.6) 3 (11.5)
Vitamin C
 No 13 (65) 14 (70) 1.00 8 (57.1) 19 (73.1) 0.48
 Yes 7 (35) 6 (30) 6 (42.9) 7 (26.9)

Bold indicates significant difference; continuous variables as mean ± standard deviation; discrete variables 

as number (percentage); VAS = visual analogue scale

7
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Table 3 Patient outcome scores

Intention to treat Per protocol

Control Intervention Control Intervention

Variables N = 20 (50%) N = 20 (50%) P-value N = 14 (35%) N = 26 (65%) P-value

6 weeks
DASH 28.8 ± 16.6 15.6 ± 15.5 0.051 26.1 ± 16.5 18.3 ± 17.0 0.286
 DASH work 30.8 ± 23.4 26.8 ± 27.7 34.4 ± 22.5 25.9 ± 26.9
 DASH hobbies 35.7 ± 32.0 25.4 ± 23.7 27.5 ± 31.6 31.3 ± 26.5
PRWE 33.1 ± 18.5 24.5 ± 22.1 0.253 32.1 ± 16.9 26.4 ± 2.6 0.471
 PRWE Pain 17.1 ± 10.6 14.1 ± 12.0 17.4 ± 9.9 14.5 ± 12.1
 PRWE Function 15.6 ± 8.4 10.6 ± 10.4 14.7 ± 7.7 11.8 ± 10.8
PROMIS PI 56.7 ± 6.8 51.6 ± 6.4 0.042 55.5 ± 7.5 53.3 ± 6.8 0.404

3 months
DASH 10.6 ± 6.7 9.3 ± 10.6 0.760 10.5 ± 7.3 9.4 ± 10.2 0.794
 DASH work 11.4 ± 9.2 11.3 ± 18.7 7.1 ± 9.1 12.8 ± 16.9
 DASH hobbies 19.3 ± 33.7 15.8 ± 17.0 15.6 ± 23.9 18.1 ± 26.0
PRWE 15.8 ± 15.3 10.2 ± 11.4 0.289 16.3 ± 16.2 10.9 ± 11.7 0.333
 PRWE Pain 7.2 ± 7.6 6.3 ± 6.7 7.4 ± 8.0 6.4 ± 6.7
 PRWE Function 8.1 ± 8.7 3.9 ± 5.3 8.3 ± 9.5 4.5 ± 5.6
PROMIS PI 49.9 ± 7.0 44.2 ± 6.7 0.029 46.7 ± 6.6 46.9 ± 7.8 0.924

6 months
DASH 6.8 ± 5.7 5.7 ± 8.6 0.730 6.0 ± 6.2 6.2 ± 8.1 0.953
 DASH work 3.1 ± 5.0 4.6 ± 12.6 3.5 ± 5.5 4.2 ± 11.5
 DASH hobbies 5.7 ± 7.8 4.6 ± 8.3 4.2 ± 7.0 5.6 ± 8.5
PRWE 10.9 ± 12.7 7.2 ± 12.0 0.436 10.7 ± 13.6 8.1 ± 11.8 0.593
 PRWE Pain 7.6 ± 9.8 5.2 ± 9.1 7.5 ± 11.0 5.8 ± 8.7
 PRWE Function 3.2 ± 3.8 2.4 ± 3.3 3.2 ± 3.6 2.6 ± 3.5
PROMIS PI 45.8 ± 5.7 44.4 ± 5.6 0.488 44.6 ± 5.1 45.3 ± 5.9 0.727

12 months
DASH 6.6 ± 10.3 1.6 ± 2.5 0.115 3.5 ± 4.1 4.6 ± 9.5 0.729
 DASH work 8.7 ± 21.3 2.1 ± 7.2 4.2 ± 8.8 6.3 ± 19.4
 DASH hobbies 3.6 ± 7.8 3.1 ± 7.7 3.1 ± 8.8 3.5 ± 7.2
PRWE 2.3 ± 3.1 2.9 ± 7.6 0.818 2.1 ± 3.3 2.9 ± 6.6 0.722
 PRWE Pain 1.2 ± 2.3 1.6 ± 4.2 1.6 ± 2.7 1.3 ± 3.6
 PRWE Function 1.1 ± 1.9 1.3 ± 3.4 0.5 ± 0.9 1.6 ± 3.3
PROMIS PI 47.0 ± 7.8 41.5 ± 2.7 0.028 46.3 ± 7.3 43.3 ± 5.9 0.262

Bold indicates significant difference; continuous variables as mean ± standard deviation; discrete 

variables as number (percentage); VAS = visual analogue scale; DASH = Disability of the Arm and Shoulder; 

PRWE = Patient Rated Wrist Evaluation; PROMIS PI = PROMIS Pain Interference.
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Table 4 Short Form 36

Intention to treat Per protocol

Control Intervention Control Intervention

Variables N = 20 (50%) N = 20 (50%) P-value N = 14 (35%) N = 26 (65%) P-value

6 weeks
 Physical function 68.7 ± 28.6 86.8 ± 10.9 0.022 68.7 ± 31.9 83.3 ± 14.5 0.082
 Limitations physical health 43.3 ± 33.4 63.2 ± 37.6 0.126 54.5 ± 31.2 53.6 ± 39.8 0.944
 Limitations emotional problems 51.0 ± 41.6 68.7 ± 36.3 0.208 60.6 ± 39.0 60.4 ± 40.3 0.988
 Energy/fatigue 69.5 ± 17.4 77.9 ± 17.9 0.189 75.2 ± 12.0 73.3 ± 20.6 0.780
 Emotional well-being 79.5 ± 15.6 86.6 ± 13.1 0.171 84.7 ± 12.6 82.5 ± 15.7 0.685
 Social function 83.2 ± 18.1 86.2 ± 13.6 0.604 88.5 ± 19.7 82.9 ± 13.2 0.342
 Pain 57.3 ± 22.7 71.2 ± 18.3 0.065 56.8 ± 22.0 68.8 ± 20.3 0.133
 General health 60.3 ± 21.8 83.5 ± 10.7 < 0.001 64.1 ± 23.3 77.1 ± 17.4 0.084
 Health change 41.7 ± 12.2 54.4 ± 9.8 0.003 43.2 ± 11.7 51.2 ± 12.4 0.088

3 months
 Physical function 75.4 ± 23.9 88.1 ± 15.3 0.094 76.7 ± 27.5 85.0 ± 16.3 0.318
 Limitations physical health 75.0 ± 36.8 81.8 ± 33.9 0.612 80.6 ± 39.1 77.9 ± 33.7 0.853
 Limitations emotional problems 92.3 ± 20.0 91.7 ± 14.8 0.930 96.3 ± 11.1 90.1 ± 19.0 0.369
 Energy/fatigue 72.5 ± 19.5 70.6 ± 16.0 0.774 74.2 ± 18.0 70.3 ± 17.4 0.578
 Emotional well-being 78.9 ± 13.4 80.8 ± 16.5 0.750 84.9 ± 8.2 77.7 ± 16.9 0.238
 Social function 86.7 ± 15.7 95.3 ± 7.7 0.065 91.7 ± 8.8 91.4 ± 14.1 0.955
 Pain 69.4 ± 23.1 85.9 ± 16.8 0.035 72.8 ± 23.0 81.1 ± 20.4 0.336
 General health 63.8 ± 24.3 76.6 ± 16.1 0.103 63.9 ± 30.1 74.0 ± 15.0 0.233
 Health change 44.3 ± 15.0 50.0 ± 9.1 0.212 41.5 ± 12.5 50.0 ± 11.5 0.089

6 months
 Physical function 78.1 ± 28.3 92.3 ± 15.1 0.103 82.1 ± 27.9 87.8 ± 20.3 0.537
 Limitations physical health 80.8 ± 30.9 90.0 ± 26.4 0.401 87.5 ± 27.0 84.7 ± 29.9 0.810
 Limitations emotional problems 87.2 ± 21.7 88.9 ± 27.2 0.856 93.3 ± 14.0 85.2 ± 28.5 0.407
 Energy/fatigue 74.2 ± 28.6 77.7 ± 15.0 0.685 77.2 ± 23.9 75.6 ± 21.2 0.855
 Emotional well-being 82.7 ± 17.5 84.8 ± 13.6 0.725 88.9 ± 7.4 81.3 ± 17.5 0.230
 Social function 90.4 ± 22.3 96.7 ± 7.4 0.313 98.8 ± 4.0 91.0 ± 19.6 0.228
 Pain 75.6 ± 19.3 90.2 ± 15.7 0.036 83.5 ± 13.5 83.3 ± 21.3 0.982
 General health 70.7 ± 27.5 78.9 ± 18.4 0.364 71.5 ± 26.4 77.0 ± 21.6 0.562
 Health change 48.1 ± 6.9 53.3 ± 8.8 0.094 47.5 ± 7.9 52.8 ± 8.1 0.107

12 months
 Physical function 80.0 ± 26.4 94.6 ± 7.5 0.077 78.0 ± 30.5 92.2 ± 9.8 0.095
 Limitations physical health 82.5 ± 32.2 95.8 ± 9.7 0.181 78.0 ± 35.1 95.3 ± 13.6 0.086
 Limitations emotional problems 85.7 ± 31.2 100.0 ± 0.0 0.128 80.0 ± 35.8 100.0 ± 0.0 0.033
 Energy/fatigue 77.9 ± 15.7 74.6 ± 11.0 0.547 78.8 ± 17.1 74.7 ± 10.8 0.464
 Emotional well-being 81.5 ± 12.7 84.0 ± 13.1 0.638 85.2 ± 12.5 81.1 ± 13.0 0.437
 Social function 84.8 ± 22.0 96.9 ± 7.8 0.085 87.5 ± 23.6 92.2 ± 13.6 0.524
 Pain 75.7 ± 24.0 93.8 ± 10.8 0.023 75.5 ± 26.9 89.4 ± 14.6 0.100
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Table 4 Continued.

Intention to treat Per protocol

Control Intervention Control Intervention

Variables N = 20 (50%) N = 20 (50%) P-value N = 14 (35%) N = 26 (65%) P-value

 General health 66.9 ± 25.1 74.2 ± 22.7 0.459 65.5 ± 29.3 73.7 ± 19.8 0.412
 Health change 48.2 ± 11.9 47.9 ± 7.2 0.940 45.0 ± 10.5 50.0 ± 9.1 0.212

Bold indicates significant difference; continuous variables as mean ± standard deviation; discrete variables 

as number (percentage).

Figure 4 Cast- OFF trial CONSORT flow diagram.

Emilyboersma-def.indd   116 08-10-21   09:57



117

Cast-OFF trial 

DISCUSSION

DRF is a common fracture of which the incidence appears to be increasing worldwide 
(1, 2). Little is known about the optimal treatment for non-reduced DRF. This study 
investigated whether one week of plaster cast treatment is feasible for non-reduced DRF. 
One week of plaster cast treatment seems safe, preferred by patients and has at least the 
same functional outcome and pain scores compared to four to five weeks of plaster cast 
immobilization.

Some limitations for this study are acknowledged. First, several patients changed from 
treatment group. Due to the cross over, a good intention to treat analysis was not possible. 
However, as this is a feasibility study, it showed that patients prefer the intervention group. 
Second, 63% of the patients completed the entire follow-up. This could have biased the 
results. Especially the DASH questionnaire seemed too long to complete, as was mentioned 
in the feedback from the patients. Third, patient characteristics, especially age, were 
significantly different between the two groups when using the intention to treat (ITT) 
analysis. Due to the small group this could be explained by the 5% chance of difference 
between the randomization groups. In addition, the number of cross over patients could 
have influenced the diversity of the groups. For future studies, this could be prevented 
by using stratification during randomization. Finally, the randomization was impossible 
to be blinded for physician and patients. However, the randomization was blinded for 
the researcher.

Although DRF is one of the most common fractures seen in the emergency department, 
there is a large variation in the management of DRF. A study conducted at the emergency 
department found that especially young doctors had little awareness of anatomical 
parameters, criteria for reduction and treatment options (22). Another study found that 
educating medical staff regarding fracture classifications, fracture reduction and cast 
application significantly reduced the treatment variation between the medical staff (23). 
These studies show that more evidence on the treatment of non-reduced DRF is needed, 
which will eventually lead to less variation. Especially for non-reduced DRF, only a few 
studies have looked at the duration for plaster cast treatment and the majority of these 
studies were conducted at least two decades ago (5).

During the last couple of years, a tendency is shown in shorter immobilization periods 
for non-reduced including non-displaced and minimal displaced DRF. However, the usual 
practice is often still an immobilization period for four to five weeks. A systematic review on 
duration of cast immobilization for DRF from 2018 showed that an immobilization period 
of three weeks or less is equally effective compared to longer immobilization period and 
might be associated with better functional outcome (5). These findings are consistent with 
the results from this study, which showed that that one week of plaster cast immobilization 
for non-reduced DRF is feasible with at least the same functional outcome and pain scores 
as the control group (immobilization for four-five weeks). One week of immobilization for 

7
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non-displaced DRF seems feasible but more up to date research is needed to eventually 
proof that shorter immobilization period leads to better (functional) outcome.

This study found no difference in complication rate between the two groups and found 
one secondary displacement in the control group, which was treated non-operatively 
with plaster cast immobilization for a total of five weeks. This is consistent with the 
literature. The studies by Stoffelen, Davis and Jensen also found no increase in secondary 
displacement with one week of plaster cast immobilization for non and minimal displaced 
fractures (24-26). However, the study of Christersson and colleagues shows that moderately 
displaced DRF, treated with closed reduction and plaster cast immobilization for ten days, 
resulted in an increased number of secondary displacements (27). This is supported by 
the study of Jung and colleagues who described that greater displacement on the initial 
radiographs gives a higher possibility of early redisplacement (within two weeks post 
injury). In addition, age seems to be associated with redisplacement (after two weeks). 
(28). It could be argued that selecting only non-reduced DRF is safe and will not lead to 
secondary displacement and therefore is the right group for one-week immobilization. 
However, further studies should investigate the risk of secondary displacement for patients 
over 65 years old when treated with one week of plaster cast immobilization.

The intervention group seemed to have a better patient satisfaction. Eventually more 
patients were treated with one week of plaster cast. We did not see a difference in return 
to work, compared to the control group. Both groups had a mean of 2.8 weeks before 
they returned to work. However, scoring return to work is very difficult due to the large 
difference in occupational demand. Very little is known about the influence of DRF on work 
loss. The study of MacDermid and colleagues found that loss of work was highly variable 
after DRF and could only find that high self-reported pain/disability and occupational 
demand at baseline were at risk for prolonged work loss (29). During a future study, work 
loss should be investigated and occupational demand should be taken into account.

CONCLUSION

Based on this feasibility study, one week of plaster cast treatment for non-reduced DRF 
is feasible, preferred by patients, with at least the same functional and pain scores as 
treatment with four to five weeks of plaster cast immobilization. There were no differences 
in complications and secondary displacements. Due to these positive results a randomized 
multicenter stepped wedge design will be conducted and hopefully one week of plaster 
cast treatment can be implemented in daily practice.
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ADDITIONAL FILE 1

Questions asked during outpatient clinic visit

One-week visit at outpatient clinic
1. Demographic questions consisting:
1.1 Age
1.2 Gender (male/female)
1.3 Dominant arm (left/right)
1.4 VAS score base line (10-point scale)
1.5 Smoking (yes/no)
1.6 Pain medication (yes/no), if yes what pain medication
1.7 Vitamin C use (yes/no)
1.8 Work/profession
1.9 History of fracture of the arm (yes/no)
2. The AO classification system was used to classify the fractures (1), the treating physician 
classified the fractures and this was checked by EB [researcher].

Four-Five weeks visit at outpatient clinic
1. Questions for function, pain and return to activity last three weeks
1.1 Function last week (5-point likert scale)
1.2 VAS score after four to five weeks post injury
(A scale from 0 to 10 where 0 is no pain at all and 10 is the worst pain imaginable)
1.3 Hindrance of pain or plaster cast last week (5-point likert scale)
1.4 Return to work or activities (5-point likert scale)
1.5 Avoidance of activities due to pain (yes/no)
1.6 Avoidance of activities due to fear (yes/no)
2. Use of home exercise program (yes/no)
3. Use of pain medication (yes/no), if yes what pain medication
4. Use of the elastic tubular support bandage (yes/no)
5. Use of vitamin C (yes/no)

REFERENCES
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ADDITIONAL FILE 2

Measurements

Patient Rated Wrist Evaluation score (PRWE)
The Patient Rated Wrist Evaluation score (PRWE) is specifically designed for wrist and hand 
functioning. The PRWE is a reliable and valid measure of patient rated pain and disability 
for wrist conditions (1, 2). A validated Dutch version of the questionnaire is available (3). The 
PRWE is a measurement with a score from 0 to 100, where 0 is no wrist function problems 
or pain. The minimal clinical important difference for PRWE is a difference of 11 points (4).

Disability of the Arm, Hand and Shoulder Questionnaire (DASH)
The Disability of the Arm, Hand and Shoulder Questionnaire (DASH) questionnaire was 
used for upper extremity functioning (5-7). The DASH measurement consists of general 
function questions and a hobbies and work section and can be scored from 0 to 100 where 
0 is no problems.

PROMIS Pain Interference and Visual Analogue Scale (VAS)
The PROMIS pain interference questionnaire was used for pain interference and diagnosing 
post traumatic pain (8, 9). The PROMIS Pain Interference consists of 8 questions. A difference 
of 3 points is assessed to be a relevant clinical difference (10). In addition to the PROMIS 
Pain Interference the visual analogue scale (VAS) was asked. A scale from 0 to 10 where 0 
is no pain at all and 10 is the worst pain imaginable.

Short Form - 36 (SF-36)
The Short Form – 36 (SF-36) was used to measure the general quality of life. The RAND 
SF-36 was used and consists of different different sections: physical function, role of 
limitations due to physical health, role of limitations due to emotional problems, energy/
fatigue, emotional well-being, social functioning, pain, general health. Every section can 
be scored from 0 to 100, where 100 is no problem/pain (11-13).

Complications
The complication checklist for DRF from McKay was used for scoring the complications 
after a DRF (14). Electronic patient records, questions by interview and questionnaires were 
used to complete the checklist. The Budapest diagnostic criteria was used to score CRPS, 
a complication which can occur after a DRF (15).
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ADDITIONAL FILE 3

Additional file 3. Patient characteristics 

for cross over patients

Patients

Variables N = 7

Age 65.1

Gender (female) 6

Fracture history 0 (0)

Smoking 0 (0)

VAS score 1.6

Pain medication 3

Vitamin C 1

AO classification

 23 A 2

 23B 2

 23C 3

Cross over patients, from control 

to intervention group; VAS = visual 

analogue scale.
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ABSTRACT

Background
The distal radius fracture (DRF) is a common fracture, with the majority of these fractures 
being stable. Of all diagnosed fractures 17% is a DRF, of which a large part is extra-articular 
and one third is non-displaced. There is large variation in treatment advisements for non-
reduced DRF. Four to five weeks of immobilization is often the usual practice. Existing 
evidence shows that one week of immobilization is safe and does not lead to an increase 
in secondary displacement. Additionally, shorter immobilization periods may lead to less 
outpatient clinic visits, less home care for elderly people and may lead to earlier return to 
work and other social activities. Therefore, shorter immobilization periods for non-reduced 
distal radius fractures may also prove to be cost-effective.

In this study, we aim to successfully implement one week of plaster cast immobilization 
for non-reduced distal radius fractures in twelve medical centers and to evaluate the 
functional outcome and cost-effectiveness.

Methods
This study will be performed using a multicenter randomized stepped wedge design in 12 
centers. We aim to include 440 patients with an isolated non-reduced DRF between the age 
of 18 and 85 years old will be included in the study. The patients in the intervention group 
will be treated with plaster cast immobilization for one week. Acceptability of the study 
protocol, patient reported outcomes, quality of life, complications, pain catastrophizing 
score, pain and patient satisfaction and cost effectiveness will be measured. The total 
follow-up will be 12 months.

Discussion
The strength of this study is the combination of implementing one week of plaster 
cast immobilization for non-reduced DRF and the evaluation of functional outcome, 
acceptability of the study protocol and cost effectiveness in actual practice.

Trial registration
Registration at Netherlands Trial Register, NL9278, registration date 17-02-2021. https://
www.trialregister.nl/trial/9278.
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BACKGROUND

The distal radius fracture (DRF) is a common fracture. A large part of all diagnosed fractures 
at the emergency eepartment are DRF’s, around 17%. One third of these fractures are 
non-displaced fractures (1-3).

In recent years there has been an increased interest in the treatment of DRF’s, caused by 
increasing prevalence of DRF’s and improvements in minimal invasive surgical treatment 
techniques. However, recent literature mainly focused on treatment options for unstable 
distal radius fractures, for which several treatment modalities have been advocated (4, 5). 
Nonetheless, little attention has been paid to the treatment of the stable DRF. To date, 
there are only a few studies that have investigated the duration of immobilization for 
non-operatively treated, stable DRF’s (6). A systematic review (2018) included 12 studies, 
of which a small part focused on non-reduced fractures. The authors concluded that an 
immobilization period of three weeks or less is equally effective compared to longer 
immobilization period and might be associated with better functional outcome (6).

There are several guidelines in the world for DRF’s (4, 7). However, a unified treatment 
recommendation for non-reduced (minimal and non-displaced) DRF’s does not exist. The 
usual care in the Netherlands consists of three to five weeks immobilization for these kinds 
of fractures. There are several studies that show that the one week of plaster cast treatment 
for a stable DRF is safe and effective (6, 8, 9). A feasibility study including 40 patients 
with a non-reduced DRF, randomized in an intervention group (one week of plaster cast 
treatment) or control group (four-five weeks of plaster cast treatment) showed positive 
results and no secondary displacement. In addition, a trend was shown in the intervention 
group of having less pain, better functional outcome after 6 weeks, going back to work 
earlier, higher patient satisfaction and no differences in complications. Moreover, it 
appeared that patients preferred a shorter immobilization period (cross over in eight 
patients, seven patients went from the control group to the intervention group) (10).

Recent studies have shown that a long period of immobilization is associated to more 
post traumatic pain by increasing disuse and kinesiophobia (11-13). These studies also 
show that early mobilization after a period of plaster cast may reduce the incidence of 
post-traumatic pain including complex regional pain syndrome (CRPS).

Rationale
There is large variation in treatment advisements for non-reduced DRF’s. Existing evidence 
for one-week immobilization shows that one week of immobilization is safe and does not 
lead to more secondary displacement. However, there is lack of evidence on functional 
outcome, pain and pain medication use and time to return to activities and work after 
non-operative treatment for non-reduced DRF. The interest for shorter immobilization 
periods for these fractures is high, from both professionals as well as patients. Shorter 
immobilization periods may lead to less outpatient clinic visits, less home care for 
elderly people and may lead to earlier return to work and other social activities. Shorter 
immobilization periods for non-reduced DRF’s may therefor prove to be cost-effective.
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In this study, we aim to successfully implement one week of plaster cast immobilization for 
non-reduced DRF in twelve medical centers and to evaluate the functional outcome and 
cost-effectiveness for one week of plaster cast immobilization compared to the usual care.

METHODS

The present study is a multicenter randomized stepped wedge design with ten clusters. 
Twelve medical centers in the Netherlands will participate in this study, which will be 
combined to ten equal clusters. The objective of this study is to successfully implement one 
week of plaster cast immobilization for non-reduced DRF’s in twelve medical centers and 
to evaluate functional outcome, acceptability of the study protocol and cost-effectiveness.

The usual care of four to five weeks of plaster cast (Condition A) will be compared to 
the intervention of one week of plaster cast immobilization (Condition B). The primary 
outcome of this study is the acceptability of the study protocol and the Patient Rated 
Wrist Evaluation score (PRWE) measured six weeks post injury. The secondary outcome 
scores are PROMIS Pain Interference, return to activity measuring with the productivity 
costs questionnaire (iPCQ), pain and the use of pain medication, Quality of Life (QOL) using 
the RAND Short Form 36 (SF-36), Pain Catastrophizing Scale (PCS-4), patient satisfaction, 
complications using the complication checklist of McKay measured at six weeks, three, six 
and twelve months post injury and the PRWE measured at three, six and twelve months 
post injury. Additionally, a cost effectiveness analysis will be performed using a selection 
of questions of the iPCQ and the medical consumption questionnaire (iMCQ).

Hypotheses
Our hypotheses in the study are as follows:
- One week of plaster cast immobilization may successfully be implemented at the 

participating hospitals with a good acceptability of the study protocol rate (small 
number of protocol violations).

- One week of plaster cast treatment (Condition B) will give a lower PRWE score (less 
pain and better physical function) compared to the usual care group (Condition A) 
for non-reduced DRF’s.

- One week of plaster cast treatment (Condition B) will give lower pain scores with 
less use of pain medication compared to the usual care group (Condition A) for non-
reduced DRF’s.

- One week of plaster cast treatment (Condition B) will lead to earlier optimal functional 
outcome scores than the usual care group (Condition A) for non-reduced DRF’s.

- One week of plaster cast treatment (Condition B) will be less costly compared to the 
usual care group (Condition A) for non-reduced DRF.

- There is no difference in complications for the intervention group (Condition B) versus 
the usual care group (Condition A).

8

Emilyboersma-def.indd   131 08-10-21   09:57



132

Chapter 8

Design
The present study is a multicenter randomized stepped wedge trial. Patients with a DRF, 
treated non-operatively and without performance of a closed reduction will be included 
in the study.

This stepped wedge trial will include 10 clusters, expecting to include 4 patients per cluster 
per time period of four weeks (Table 1). Every cluster will be randomized to a step: the 
moment when a cluster will start with the study. A transition period of one time period 
of four weeks is added between Condition A and B. This transition period is meant for 
explaining the treatment and to give instructions to the hospitals and care givers to re-
organize the treatment protocols.

An inclusion of 4 patients per cluster per month is expected. Before starting this study, 
every hospital needs to indicate the number of patients seen per month with a DRF who 
are treated non-operatively. Hospitals of which the expected number of patients will be 
less than 4 patients per month will be combined to one cluster. By adapting the study 
protocol based on the expected available patients, we expect that all clusters will reach 
sufficient inclusions.

Randomization will be performed to determine when a cluster will start with the study. 
The study period for every included patient will be one year. Follow-up of the included 
participants is the same for both groups: Condition A and B.

Table 1 Design Cast OFF-2, Stepped wedge design

CLUSTER T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

1 A B B B B B B B B B B
2 A A B B B B B B B B B
3 A A A B B B B B B B B
4 A A A A B B B B B B B
5 A A A A A B B B B B B
6 A A A A A A B B B B B
7 A A A A A A A B B B B
8 A A A A A A A A B B B
9 A A A A A A A A A B B
10 A A A A A A A A A A B

A = Usual care, four-five weeks of plaster cast treatment.

B = One week of plaster cast treatment.

Patient selection and methods
Patients with acute non-reduced DRF’s (intra- and extra-articular DRF, non- and minimal 
displaced DRF) who are diagnosed at the emergency department will be included in the 
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study. Patients need to be between the age of 18 and 85 years old, have an isolated non-
reduced DRF, a good understanding of the Dutch language and live independently.

Patients will be informed about the study at the emergency department. The 
treating physician will inform the patient about the study and provide them with written 
information about the study.

After one week, all patients will be seen at the hospital (plaster room outpatient clinic) 
for their first standard of care follow up visit. During this visit, patients will be asked by the 
research team if they are willing to participate in the study. Patients need to give written 
informed consent for the use of their medical information and medical files and filling in 
questionnaires. The patients will be informed about the possibility that they will be called 
or emailed by the research team in case of incomplete or missing questionnaires during 
the one-year follow-up.

The following in- and exclusion criteria will be used:
Inclusion criteria
· age between 18 and 85 years
· isolated acute distal radius fracture; intra and extra articular
· closed reduction is not performed
· non-operative treatment with cast immobilisation
· ability to perform Activities of Daily Living (ADL) independently
· ability to give informed consent

Exclusion criteria
· multiple injured patient
· reduction is indicated/performed
· operative treatment
· no understanding of Dutch language
· a patient with extra care at home; in need of a caregiver or professional for ADL.
· open fractures
· history of surgically treated wrist fracture on the currently injured side
· estimated high risk of secondary displacement by surgeon due to comorbidities, high 

risk of falling or life circumstances

Investigational treatment
All clusters will start simultaneous with their usual treatment: Condition A. After one week 
of plaster cast, patients will be seen at the outpatient clinic, physical examination will be 
performed and prolonged plaster cast will be provided (another 2-4 weeks).

During the second follow up visit at the outpatient clinic, the plaster cast will be 
removed, the duration of immobilization with plaster cast will be registered, a physical 
examination will be performed and extra questions on function and pain will be asked. 
After removal of the plaster cast, information is given about the importance of using their 
arm and performing the exercises of the home exercise program.

8

Emilyboersma-def.indd   133 08-10-21   09:57



134

Chapter 8

When the cluster/hospital is randomized to switch treatment, all patients will be treated 
following Condition B. Patients in the Condition B will have an immobilization period of 
one week. Patients will get a splint or cast at the emergency department. After one week, 
an appointment is scheduled at the outpatient clinic. Instead of a plaster cast change, the 
splint or cast will be removed and physical examination will be performed. After removal 
of plaster cast, information is given about the importance of using their arm and doing 
the exercises of the home exercise program. Four to five weeks post injury, patients will 
have a final follow-up appointment at the outpatient clinic where a physical examination 
will be performed and additional questions on function and pain will be asked.

Measurements
For this study, the following main study parameters are gathered: functional outcome, 
return to activity, cost-effectiveness and acceptability of the study protocol.
- Patient reported outcome (functioning and patient satisfaction): It is known that one 

week of plaster cast for a non-reduced DRF is safe. Secondary displacement of the 
fracture is not significantly different with longer plaster cast treatment (8, 9). So, the 
most important question is whether one-week treatment gives better functional 
results and higher patient satisfaction. The best measurement method to measure 
patient satisfaction and functional result is using a patient reported outcome (PRO) 
(14). In addition, PRO’s are better predictors of participation, such as the ability to 
return to work of perform daily activities, than more objective clinical measures. 
The Patient Reported Wrist evaluation (PRWE) is specifically designed for wrist and 
hand functioning. The PRWE is a reliable and valid measure of patient rated pain 
and disability for wrist conditions (15, 16). Further, a validated Dutch version of the 
questionnaire is available (17). The PRWE is a measurement with a score from 0 to 
100, where 0 is no wrist function problems or pain. The minimal clinical important 
difference for PRWE is a difference of 11 points (18).
The questionnaires will be sent to the patient after six weeks and three, six and twelve 
months.

- Return to activity will be measured using the productivity costs questionnaire (iPCQ). 
Questions about return to work, leisure activities, household activities and pain will 
be asked.

- A cost-effectiveness analysis will be performed along-side the stepped wedge 
trial. The Health care Institute of the Netherlands (ZIN) 2016 guideline for economic 
evaluations forms the basis of the analysis (19). Health care consumption from 
inclusion to final follow-up of the patient is measured. This is in line with the 
measurement pathway of the clinical study. Healthcare consumption is multiplied 
by unit-costs associated with healthcare consumption. Also, productivity related 
costs seem to play an important role. Therefore, the societal perspective is the base 
case. A healthcare perspective is used as the scenario. These will be measured using 
a selection of questions of the medical consumption questionnaire (iMCQ) and the 
productivity costs questionnaire (iPCQ).
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- Acceptability of the study protocol. Measuring the actual time of plaster cast 
treatment and number of patients who followed the protocol. If not following the protocol 
(Condition A or B), reason for violation of the protocol.

The following secondary parameters will be measured.
- Complications. The complication checklist for DRF from McKay will be used for scoring 

the complications after a DRF (20). The clinical record and questionnaire will be used 
to complete the checklist from McKay. The Budapest diagnostic criteria will be used 
to score CRPS, a complication which can occur after a DRF (21). In addition, pain and 
post traumatic pain will be scored. The visual analogue scale (VAS) will be asked, 
the PROMIS questionnaire will be used for pain interference and diagnosing post 
traumatic pain (11, 22).

- Comprehensive PRO measures will be gathered. This is a more generic instrument 
that captures aspects of health status and quality of life beyond hand functioning. 
The questionnaire is useful to identify the contribution to overall disability. The RAND 
Short Form-36 (SF-36) will be used to measure this (23-25).

- Patient satisfaction will be additionally measured by using a 10-point ordinary scale, 
0 is not satisfied with the treatment and 10 is very satisfied with the treatment.

- A budget impact analysis will be performed from various perspectives with the 
budgetary framework for the care as the base case perspective (budgettair kaderzorg). 
Here too, the ZIN 2016 guideline serves as a starting point for the analysis. The analysis 
will be performed in accordance with the ISPOR Principles of Good Practice for Budget 
Impact Analysis (26).

The following other study parameters such as demographic and clinical data will be 
collected to measure the association with the above-mentioned outcome parameters.
- Age at inclusion
- Gender
- Side of fracture
- Side of dominant hand
- Smoking
- Use of pain medication, if yes which pain medication and dose at inclusion
- VAS score at inclusion
- Use of Vitamin C
- Work or retired and specified
- Duration not able to work or perform household activities
- Leisure activities
- Fracture classification using AO classification system
- Pain catastrophizing scale (PCS-4) will be used to measure patients fear for movement 

and the influence of psychological problems (27).
- Use of physiotherapy, asked after one year
- Use of home exercise program

8
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- Co-morbidities using Cumulative Illness Rating Scale (CIRS)

Follow-up
The follow-up of the included patient will be the same for both groups, Condition A and 
B. All questionnaires will be sent via email. The follow-up will take place per participant/
patient. The patients will be informed about the possibility that they will be called or 
emailed by the research team in case of incomplete or missing questionnaires during the 
one-year follow-up.

Outpatient clinic follow-up
The outpatient clinic follow-up will take place after one week and four-five weeks. During 
these visits several questions about pain and performing activity will be asked.

Pain and activity
The pain catastrophizing scale will be sent six-weeks post injury and three-, six- and twelve-
months post injury (27). After four-five weeks these questions will be asked as part of the 
routine outpatient clinic visit.

Cost effectivity and work ability
A selection of the medical consumption questionnaire (iMCQ) and the productivity costs 
questionnaire (iPCQ) will be sent one-, six-weeks and six months post injury.

At the end of the study, one-year post injury, these questions will be asked again.

Patient reported outcome
Al of the following questionnaires will be sent six weeks and three-, six- and twelve-months 
post injury.
- Patient rated wrist evaluation (PRWE) score (17)
- RAND Short-form 36 (RAND SF-36) (23-25)
- PROMIS pain interference (PROMIS PI)
- Visual analogue scale for pain and patient satisfaction (VAS)

Complications
Complications will be scored, six weeks and three-, six-, and twelve- months post injury.
The following will be scored:
- Secondary displacement
- McKay complication checklist (20)
- Budapest criteria for scoring CRPS (21)

Evaluation of implementing one week of plaster cast immobilization
After one year, when the inclusion period ends, all participating centers will be asked to fill 
out an evaluation form. This evaluation form will include questions such as, if they prefer 
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Condition A or B, if Condition B will be used as new protocol in their hospital, feedback 
for the study and changes for the protocol of Condition A.
Figure 1 shows the time schedule for the used questionnaires.

Time schedule
Inclusion of 440 patients will take place during a one-year time period in the participating 
medical centers. A follow-up period of 12 months is taken into account and 6 months for 
data analysis and publication. See figure 1.

Power analysis
We used the stepped wedge sample size tool in STATA.
A sample size of 330 patients was calculated with a power of 0.85, alfa of 0.05 and ICC of 
0.01. We designed the stepped wedge for ten clusters with three patients per cluster per 
time period (Table 1). In order to account for 30% loss to follow-up we aim for a sample 
size of 440 patients, i.e. four patients per cluster per time.

Randomization
Each cluster will start with the usual care: Condition A. The clusters/hospitals will be 
randomized for when to start with condition B. Patients are not randomized but follow 
the condition in their hospital. Castor will be used for randomizing the clusters. The clusters 
will be blinded only for the timing when they will start with the treatment of one week 
plaster cast immobilization: Condition B.

8
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Figure 1 Time schedule for the included patients of the Cast OFF-2.

Analysis of the material
All anonymized information gathered in the study will be stored in a Castor database at 
Radboud university medical center. The database is protected with passwords and the 
data will be deleted 15 years after the study is officially closed. Only the research group 
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will get full access to the database. Participating hospitals will get access to add data from 
their own participating patients. More information about the data management for the 
Cast OFF-2 study can be requested from the corresponding author on reasonable request.

Statistical analysis
Descriptive analyses with median, range and percentage will be used to describe 
demographic variables and outcomes such as age and gender. We will analyse the 
percentage of protocol violations and the willingness to participate from participating 
patients, hospitals and physicians using a feedback evaluation. Patients will be asked to 
give feedback at the end of their follow-up period and physicians will be asked feedback 
after six months and twelve months.

A multivariate linear regression mixed model will be used to analyse the data from the 
different randomization groups and to account for clustering of repeated measurements 
within patients and within hospitals and time. We will analyse the effect of the intervention, 
in comparison with the usual care, on the PROs, return to activity, pain scores and 
complication rate. We will adjust for confounding factors such as, age, gender, clinical 
parameters. The difference in complication rate will be determined using either a Fisher 
Exact or a Chi square test, depending on the order of magnitude of the results. The 
difference in PCS-4 score, VAS score and patient satisfaction will be determined using a 
t-test.

A cost-effective analysis will be performed additionally to the above-mentioned analyses. 
A budget impact analysis will be performed from various perspectives with the budgetary 
framework for the care as the base case perspective.

For missing data from patients who fulfilled the study, the available data will be analysed 
if possible, for any interesting findings and otherwise the missing data will be imputed 
with replacement values using multiple imputation analysis.

Ethics
The trial protocol and additional papers, including consent form, patient information 
sheet and questionnaires have been approved by the Dutch Ethical Review Board (METC) 
Arnhem-Nijmegen and has been declared exempt from the Medical research involving 
Human Subjects Act (WMO) (Approval number: CMO 2021-7308).

Oversight and Monitoring of the study
Radboudumc will be the coordinating center for the Cast OFF-2 trial and will also provide 
the study coordinator. Every including hospital will have to provide a local research 
coordinator for their hospital. Every month the study coordinator will have contact with 
the participating centers to check if there are any problems and to discuss the inclusion 
rate per month (number of patients per month needed is four).

8
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A data monitoring committee will be arranged by the coordinating center, 
Radboudumc. The Cast OFF-2 study has been declared exempt from the Medical research 
involving Human Subjects Act (WMO) and will therefore not have an interim analysis or 
auditing trial conduct. As this study was exempt from WMO we do not need to officially 
report adverse events, however we will screen for adverse events at six weeks, three- six 
and twelve months post injury.

Relevant protocol amendments will be communicated to all participating hospitals 
and the funding party.

Trial results will be communicated to all participating hospitals and funding party 
through a published article. A group authorship will be set up and used for the publication 
of the report of the Cast OFF-2. The research coordinators from the participating hospitals 
will be offered participation in the group authorship.

DISCUSSION

This publication presents an implementation study with the use of a randomized 
multicenter stepped wedge design for the use of one week of plaster cast immobilization 
after non-reduced DRF. This study will be used to implement one week of plaster cast 
immobilization in several hospitals. In addition, this study tries to answer the question 
whether one week of plaster cast gives lower PRWE scores, better patient satisfaction, 
earlier return to work, lower costs and if it will have the same complication rate.

A limitation of this study is the variability in clinical judgment when to reduce a DRF 
and thereby the chance of bias due to the surgeon’s decision who expects a high chance 
of secondary displacement. However, the variability in deciding when to reduce a DRF 
is part of common daily practice. A second limitation may be the choice for a stepped 
wedge design instead of a randomized controlled trial. During the feasibility study we 
encountered a lot of problems with patient cross over, difficulty performing the study for 
the hospitals and a large number of patients who did not want to participate in the study. 
By using a stepped wedge design, we think the problems with the treatment protocol will 
be less variable. In addition, the greater variability in deciding when to reduce a DRF leads 
to the exclusion criteria which will be used in general practice. Therefore, this study will 
give an answer which can be directly translated into daily practice.

The strengths of this study are the pragmatic nature of this study, the fact that it is an 
implementation study (using the Dutch guideline) in combination with a comparative 
study and the use of a cost-effectiveness analysis. The pragmatic nature of this study, 
using a stepped wedge design, leads to a very clear protocol to use for every hospital. A 
clear and easy protocol is necessary as this study is an implementation study. In addition, 
with this study design we can include 440 patients in one-year time. A cost-effectiveness 
analysis will be performed which will give extra evidence for the effectiveness of one-
week plaster cast immobilization. Other strengths of the study are the validated primary 
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outcome measure (PRWE) and taking into account psychological views of post traumatic 
pain using the PCS-4.

As this is an implementation study, we hope the results of this study will be used for 
implementation of one-week plaster cast immobilization for non-reduced DRF nationally.

8
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Despite the high incidence of Distal radius fractures (DRF) in the emergency department, 
many aspects of the management for DRF are debated (1, 2). First, it is unclear what degree 
of malalignment benefits from reduction and when reduction is considered acceptable. 
Second, there are changing perspectives for post traumatic pain after a DRF. When do 
we diagnose it as post traumatic pain and when is the pain disproportionate or part of a 
complication? Finally, what is the optimal immobilization period for DRF? Does shorter 
immobilization lead to better outcome, patient and fracture related? This thesis was based 
on the three main research questions mentioned above. The first part of this thesis focused 
on the diagnosis and treatment of a DRF. The most important finding was that there is 
large practice variation in recommending treatment for DRF. There are no clear criteria 
for when to reduce a DRF and radiological, surgeon and patient factors are associated 
with treatment recommendation (see chapter 2 and 3). The second part of this thesis 
focused on post traumatic pain after a DRF and especially the Complex Regional Pain 
Syndrome (CRPS). The results of this thesis showed that the incidence of CRPS is decreasing 
and early mobilization may result in less post traumatic pain (see chapter 4,5 and 6). 
These findings led to the last part of this thesis that focused on the possibility of shorter 
immobilization periods for non-reduced DRF. In this part of the thesis, we found that one 
week of immobilization is feasible and may lead to better patient satisfaction with at least 
the same functional and pain results (Chapter 7).

Part I Daily practice, closed reduction of a distal radius fracture
The treatment of a DRF can be divided in operative and non-operative management of the 
fracture. A large part of these fractures is treated non-operatively. As shown in the study 
of Brogren and colleagues, one third of the DRFs are non-displaced fractures (3). Although 
this is a large group of the patients seen at the emergency department, the management 
of non-operative treated DRF is still debated which can lead to practice variation. For 
example, one of the most important questions for non-operative management of a 
fracture of the distal radius is whether the fracture needs to be reduced or not. Although 
this is an important question, there is no clear answer to give. Several guidelines explain 
the criteria for when a reduction is adequate but do not give any advice on when to reduce 
a fracture (4, 5). These gaps in guidelines, lack of consensus and lack of evidence on the 
right treatment, can lead to variation in treatment. Understanding practice variation and 
thereby reducing unwarranted variation could lead to a reduction of avoidable morbidity 
and unhelpful use of resources (6). Our main goal for part I, was to observe the practice 
variation of recommendation in treatment for DRF. In addition, the association between 
surgeon preferences, radiological parameters and patient factors and recommendation 
for treatment was investigated.

Surgeon characteristics
When looking at surgeon variation, this thesis found a fair inter-observer reliability 
on whether to reduce a DRF or not and when the fracture is adequately reduced (see 
Chapter 2 and 3). Surgeons are influenced by deformity, but disagree on the final 
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assessment of whether nonoperative treatment is an option (see Chapter 3). When surgeon 
characteristics were more closely looked at, the results indicated that the practice variation 
for DRF seemed to be influenced by the surgeon characteristics. In this thesis (chapter 
2 and 3) and in the study of Christensen et al., it is proposed that the interpretation of 
radiographs with a particular pathology involves the learned concept for what is normal 
and not normal, meaning that surgeons see what they already know or believe (7). Using 
additional guidance or knowledge could be less effective than expected due to the 
influence of cognitive biases such as anchoring and familiarity (7, 8). For instance, one 
study found that personality features influence treatment recommendations, a higher 
pioneer score (associated with innovation and creativity) was associated with a higher rate 
of recommendation for surgery (9). In addition to the learned concept, knowledge of the 
surgeons is another important factor. A survey of emergency department clinicians in the 
UK (who reduce most of the distal radius fractures in that setting) found limited awareness 
of anatomical parameters and criteria for adequate reduction. This was especially among 
the younger doctors, indicating that some of the variation could be avoided via education 
(10). McDonald and colleagues found that education of medical staff regarding fracture 
classification, fracture reduction, cast application and molding, reduced operation rate for 
DRF (11). In contrast with the above-mentioned studies, our results indicated that factors 
associated with greater expertise or experience were associated with less agreement 
on whether a reduction is adequate. Surgeons with the most years in practice (21 to 30 
years), supervising trainees, and hand & wrist specialization had the lowest inter-observer 
agreement. The findings from chapter 2 and 3 and the literature, suggest that there is 
not a single correct way to treat most distal radius fractures, and that such decisions 
on recommending closed reduction, may be highly individual preference sensitive. In 
conclusion, surgeon characteristics as education, experience and age could have an 
influence on practice variation.

Surgeons should participate in a nationwide database of performances. As mentioned 
before, treatment recommendations may be highly preference sensitive and involves the 
learned concept for what is normal. Surgeons teach this to the residents which could 
cause more practice variation under the younger adults. By keeping up to date with new 
literature but also by learning form the information in the nationwide database, they could 
give patients the best and updated treatment for DRF. In addition, more lectures should 
be focused on DRF for the whole hospital including all different department taking part 
in treatment for DRF such as Emergency physicians but also Surgery and Orthopaedic 
departments. This may lead to less practice variation.

Radiological parameters
Additionally to the surgeon factors, radiological parameters as dorsal angulation may also 
influence treatment recommendation for DRF. What kind of radiological factors influence 
the recommendation for reduction or which criteria are acceptable after a reduction? This 
was investigated by looking at what degree of malalignment influences patient satisfaction 
and functional outcome.

9
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When looking at the radiological parameters, this thesis showed that each additional 
degree of dorsal angulation increased the chance of recommending a reduction by 3% (see 
chapter 2). This is consistent with observations that surgeons often use dorsal angulation 
as the most important factor to decide on whether to recommend reduction of a fracture. 
These results reflect those of a few other studies which suggest that dorsal angulation 
is one form of deformity after fracture that affects function measured with Patient 
Reported Outcomes (PRO) such as the Disability of the shoulder and hand (DASH) score 
(12-15). Furthermore, this thesis found that each additional degree in dorsal angulation 
increased surgeon satisfaction of the performed closed reduction of a DRF by a mean 
of 1%. Each millimeter decrease in AP distance increased satisfaction by 3% and each 
millimeter decrease in ulnar variance increased satisfaction by 6% accounting for 44% of 
the observed variation. These results show that clinicians are using these parameters even 
though they may not agree on a threshold for what is an acceptable reduction (see Chapter 
3). Consistent with the present results, previous studies have demonstrated that initial 
dorsal angulation, intra articular involvement, and ulnar variance are associated with loss 
of reduction after manipulation and cast or splint immobilization (16-19). In addition, there 
is evidence that radial shortening of more than 2 mm, loss of dorsal angulation of more 
than 10 degrees, radial inclination of 5 degrees and intra articular step-off of more than 2 
mm may be associated with greater symptoms and limitations, especially among younger 
adults (12, 20). Nonetheless, these associations are inconsistent and relatively limited. In 
contrast to the present results, there are previous studies that show that radiographic 
parameters only accounted for about half of the variation in treatment recommendations 
(21). In conclusion, there is a lack of consensus for thresholds of acceptable deformity and 
there is limited association of deformity with symptoms and function. This emphasizes 
the importance of patient preference in decision-making. Surgeons should use a shared 
decision-making process using other means such as a decision aid for discussing the 
potential benefits and harm of operative and non-operative treatment for reduced and 
non-reduced DRF. The commonly discussed threshold criteria for adequate reduction 
should be taken into account. Future studies should focus on getting more evidence on 
what criteria to use for when to reduce a DRF.

Patient factors
Finally, patient factors, such as age, functional demands and comorbidities, may also lead 
to variation in fracture management. This thesis showed that surgeons describe adequate 
alignment, age as a surrogate for functional demands, and concern about neuropathy as 
factors they consider in the judgment of the adequacy of reduction. Alignment might 
be more relevant to younger patients, where symptoms and limitation might correlate 
more with anatomical reduction (22). In contrast, the study of Kong and colleagues 
describe this correlation of alignment and function in the elderly, patients aged above 
65 years old. They found that restoring the anatomical radiographic parameters in the 
elderly who are still active and healthy is important. Malignment may cause decreased 
grip strength, dissatisfaction with appearance and wrist limitations in patients older than 
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65 years (23). Consistently, other studies show that patient factors such as male sex, age 
and fewer comorbidities did not explain any more of the variation with the treatment 
recommendation than radiographic factors alone (18, 24). This means that treatment 
recommendation for DRF should be based on several parameters and not solely based 
on for example chronological age but better include functional demands as parameter.

In conclusion, surgeon, radiological and patient factors may influence treatment 
recommendations for DRF and therefore may contribute in treatment variation for DRF. 
That the fracture management of the distal radius is complex and prone to variation in 
treatment is not a surprise. The function of the wrist is not completely clear up to these 
days. The general idea is that most of the function of the wrist is done by the dart throwing 
plane. This dart throwing plane makes it difficult to find one radiological parameter which 
is associated with wrist function. This thesis showed that practice variation is present and 
treatment recommendations are not always based on medical evidence due to lack of 
solid evidence in the literature and guidelines

The treatment of wrist fractures should include research focused on this multifactorial 
problem and not solely at for example one important factor such as the radiological 
parameters of the DRF. It should look at surgeon factors, patient characteristics and 
radiological parameters all combined. To succeed in gathering this information for research, 
we advise to start with registry studies and forming big databases on patients with DRF. 
The data should include patient characteristics, functional outcome using PROM’s and 
radiological parameters. But it should also include surgeon information such as treatment 
recommendations, number of complications, surgeons’ characteristics and more. Deep 
learning systems could be used to extract the most important factors for treatment of DRF 
while using the above gathered information.

In addition, further research should also be focused on increasing the reliability among 
young residents and eventually limit practice variation. More education should be focused 
on DRF including the anatomy, criteria for reduction and influence of surgeon, patient and 
radiological parameters.

Part II Post-traumatic pain after a distal radius fracture
Part II of this thesis focuses on post traumatic pain and especially CRPS. CRPS is an 
unexplained pain syndrome that can occur following a variety of events and most 
commonly occurs after a fracture (25, 26). It is characterized by disproportionate pain and 
accompanying autonomic and motor disturbances (26). During the last couple of years, 
the incidence of CRPS decreased and CRPS itself became more and more a discussion. Is 
CRPS really a disease or is it part of a traumatic pain syndrome that can be at least partly 
prevented?

The clinical condition that we now describe as CRPS was first described as causalgia in 
1872 (27). In the following years this condition became more recognized and the name of 
this condition changed several times. In 1900 Paul Sudeck named this condition Sudecks 
atrophy (28). His research was pivotal for a better understanding of this debilitating 
syndrome. During the following years, the condition was called reflex symptomatic 
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dystrophy but there was no consensus on the symptoms and treatment for this chronic 
pain syndrome. In 1973 the international association for the study of Pain was founded 
and eventually in 1993 the first criteria to diagnose reflex symptomatic dystrophy were 
described (29). During this meeting the syndrome became known as CRPS, the term we use 
nowadays. The first criteria for CRPS were called the Orlando criteria and the syndrome was 
characterized as a continuing regional pain (spontaneous and/or evoked) that is seemingly 
disproportionate in time or degree to the usual course of any known trauma or other 
lesion. The pain is regional (not in specific nerve territory or dermatome) and usually has 
a distal predominance of abnormal sensory, motor, sudomotor, vasomotor, and/or trophic 
findings (30). The Orlando criteria showed high sensitivity close to 90% but low specificity, 
approximately 50%. The major cause of this specificity was due to the lack of objective 
criteria. The criteria were only based on reported symptoms. Eventually in 2003 consensus 
was obtained on a new set of criteria which also included objective items and were called 
the Budapest criteria (31, 32). These criteria are still used today.

Over the years, many suspected pathophysiological causes have been proposed, but 
scientific evidence is scarce and of low quality which has led to practice variation (33, 34). 
A gold standard for the diagnosis of CRPS could never be established and nowadays the 
Budapest diagnostic criteria are the best validated and most common internationally used 
criteria (32). By using these criteria, it has been shown that in many patients diagnosed 
primarily with CRPS, an underlying alternative diagnosis such as arthrosis, avulsion fracture, 
malalignment, ulnarsided wrist pain, or cellulitis could be made (35). In addition, the 
Budapest diagnostic criteria advise to diagnose CRPS after three months post injury as 
the first months could be part of the normal healing process after a fracture. Due to the 
multifactorial onset of CRPS, the Budapest criteria are still difficult to interpret and there 
is a large practice variation in the diagnosis and treatment of CRPS. This is shown in for 
example the wide distribution of the incidence reported in the literature for CRPS (36-38). 
The incidence varies between 0.8 and 37% (36-38). Due to the lack of a gold standard and 
the presence of this multifactorial syndrome more research has been performed on the 
prevention and treatment of CRPS.

Recently, multiple studies have been performed regarding disuse and CRPS after DRF. 
Not only have these studies confirmed the similarity between disuse and CRPS in clinical 
symptoms but they have also identified similar processes in the central nervous system (35, 
39, 40). Based on these concepts, several treatment modalities have been created. Based 
on these recent insights, new prevention and treatment methods have been developed. 
Graded motor imaging (GMI) and pain exposure physical therapy (PEPT) after DRF, both 
addressing also the cognitive and behavioral aspects of pain, have shown promising results 
in recent clinical trials (41, 42). Based on the thoughts of PEPT the two studies in this thesis 
were conducted. CRPS might be more of a consequence of disuse and pain catastrophizing 
thoughts, and could be prevented when disuse and kinesiophobia is prevented. This thesis 
showed that there was a low incidence of CRPS after a DRF when using a home exercise 
program (see Chapter 5 and 6). In these two studies, our main conclusion was that CRPS 

Emilyboersma-def.indd   150 08-10-21   09:57



151

Discussion and future perspectives

is seen as a severe chronic disease that is debilitating but when it is explained to patients 
that these symptoms, especially the first months after a fracture, are part of the healing 
process, the disproportionate symptoms may eventually disappear. This supports earlier 
literature in which it is argued that CRPS should be diagnosed after three months (31, 32). 
These changing ideas about CRPS have led to a change in the management of CRPS (43). 
This management often includes informing the patient properly, managing the patient’s 
expectations for the upcoming year, and preventing disuse with a prompt and active home 
exercise program. In the last chapter of this thesis about CRPS (see Chapter 6) we wanted 
to check if the changes in management for CRPS, which are more commonly accepted 
in the Netherlands, have also led to a decrease in the incidence of CRPS after a fracture.

Chapter 6 showed that during the last couple of years, the incidence of CRPS decreased. 
This study found that de incidence of CRPS after a DRF was 0.36%. This incidence is low 
compared to incidences reported in the literature, which vary between 0.8 and 36% 
(36-38, 44). Regarding CRPS in general, the hospital-based data showed a decrease in 
absolute number of cases suspected for CRPS. This is supported by the national data, 
which show that the incidence of CRPS gradually decreased from 2014 to 2018 from 23.3 
to 16.1 per 100 000 person years. Based on the decreasing incidence of CRPS in general, 
a decrease in incidence of CRPS after DRF is plausible. The changing approach towards 
CRPS could be the cause of the decreasing incidence as consistent with findings of our 
studies (see chapter 4 and 5). Linton and colleagues described how catastrophic thinking, 
an exaggerated negative orientation towards pain, leads to fear and disuse and is a marker 
of the development of long-term problems in patients with pain syndromes such as low 
back pain (45). This is consistent with findings by Teun and colleagues, who found that 
catastrophic thinking plays an important role in developing and maintaining symptoms 
of CRPS (43). A more recent study from Chang and colleagues even describes that CRPS 
should be seen as functional disorder and not as a debilitating disease and that the label 
CRPS should be abandoned. The more recent trend and evidence describes CRPS as 
a disorder with functional causes of the symptoms rather than structural cause of the 
symptoms. This functional disorder may be treated with reassurance, physiotherapy and 
cognitive behavior (46).

Future studies should look more closely for which factors are associated with the 
decrease in incidence of CRPS and especially post traumatic pain. For example, does the 
treating physician of treatment options for DRF have an influence on the incidence of 
CRPS or post traumatic pain?

This thesis, shows a low incidence of CRPS after DRF. The decreasing incidence supports 
the evidence for the changing clinical approach towards CRPS and fracture management, 
with more focus on prevention and the psychological aspects of posttraumatic pain. 
Especially prevention of post traumatic pain by decreasing disuse after immobilization is 
important and will also lead to less practice variation for the management of DRF.

9
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Part III Treatment of non-reduced distal radius fracture. Is one week of plaster 
cast treatment feasible?
As mentioned in part II, prevention of post traumatic pain is very important and will 
decrease debilitating pain syndromes as CRPS. One of the important factors which 
can cause post traumatic pain, or CRPS-like symptoms, is immobilization of the limb 
(47). Terkelsen and colleagues showed that immobilizing the wrists of healthy human 
participants caused CRPS like symptoms. When the participants mobilized their arms again, 
the symptoms disappeared. These findings eventually led to the last research question 
of this thesis, the possibility of shorter immobilization periods for DRF. Although, as 
mentioned in the beginning of this discussion, DRF is one of the most common fractures 
seen in the emergency department, there is little evidence on the best treatment for 
non-operatively treated DRF. A systematic review from 2018 studied the duration of 
immobilization for these fractures. The study showed that an immobilization period of 
three weeks or less is equally effective compared to longer immobilization and might 
even be associated with better functional outcome (48). Despite this evidence, mainly 
from studies from the 90’s (48, 49), we still often treat non-displaced fractures for at least 
three weeks with plaster cast mobilization. Even the Dutch guidelines advice to treat a 
non-displaced DRF for one to three weeks with plaster cast (5). There is evidence for shorter 
immobilization periods, although little, to safely say we can treat non-displaced DRF with 
a shorter immobilization period than the usual length of four to five weeks. Moreover, 
shorter immobilization periods may lead to better patient satisfaction, less post traumatic 
pain and use of pain medication with earlier return to activities and work. In addition to 
the clinical aspects, shorter immobilizations periods may also be cost-effective. It can lead 
to less outpatient clinic visits, less home care for elderly people and may lead to earlier 
return to work and other social activities.

In part III we conducted a multicenter randomized feasibility study to test if one week 
of immobilization with plaster cast treatment is feasible for all non-reduced distal radius 
fractures. The group of patients consisted of patients with non-displaced and minimal 
displaced distal radius fractures and 40 patients were included. Patients were randomized 
in the intervention group (one week of plaster cast treatment) or the control group 
(four-five weeks of plaster cast treatment) for non-reduced DRF. The results of the study 
were positive and showed no secondary displacement. In addition, we saw a trend in 
the intervention group, of having less pain, better function after 6 weeks, going back to 
work earlier, higher patient satisfaction and no differences in complications (see chapter 
7). Moreover, it appeared that patients preferred a shorter immobilization period (seven 
patients preferred a shorter immobilization period than prescribed in the protocol for 
the control group).

The evidence for shorter immobilization periods for non-reduced DRF is scarce. 
However as this thesis and existing evidence shows, one week of plaster cast immobilization 
for non-reduced DRF is feasible and safe (48) (see chapter 7). In conclusion, one week of 
plaster cast immobilization should be further investigated and eventually implemented 
in clinical practice.
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Future perspectives
This thesis showed that the management of especially non-operative DRF is debated 
and leads to practice variation. DRFs are one of the most common seen fractures at the 
emergency department, but little is known about the management of DRF. This thesis 
showed the lack of evidence for specific guidelines for non-operative treated DRF and the 
consequences of this. Practice variation is large, especially for the group where reduction 
of the fracture is debatable. In addition, a debilitating pain syndrome as CRPS is seen and 
can be reduced by better knowledge off the treatment for DRF and more equal treatment 
methods post injury as for example a shorter immobilization period for non-reduced DRF. 
Eventually this should lead to higher quality care.
Future studies should focus on two different aspects of the management of DRF.

First, when to reduce a DRF and the adequacy of a reduction should be improved. 
Using big data and artificial intelligence may help to find the radiological and patient 
factors which are associated with better patient reported outcome scores. Recently, deep 
learning systems were used to diagnose a distal radius fracture. The studies of Bluthgen 
et al. and Gan et al. show that deep learning systems are capable of diagnosing distal 
radius fracture with a performance comparable to radiologists (49, 50). It is realistic to 
expect that these deep learning systems can eventually be used to detect the radiological 
outcomes associated with functional outcome. Better defined as, the systems will then 
predict which selection of radiological parameters is associated with functional outcome. 
This information will help in defining the criteria for when to reduce a DRF and to define 
when a reduction is acceptable and eventually lead to less practice variation.

However, radiological parameters should not be the only factors included in big 
data registries. Treatment recommendations from physicians may be highly preference 
sensitive and involve the learned concept for what is normal. Surgeons should be obliged 
to participate in a nationwide database of performances. This database should include 
patient and surgeon characteristics, radiological parameters but also functional outcome 
as for example PROM’s. By keeping up to date with new literature but also by learning form 
the information in the nationwide database, surgeons could give patients the best and 
updated treatment for DRF. Eventually big data could be created and used for research to 
search for the best and personalized recommendations for treatment of DRF. Note that this 
should not mean an increase in administrative burden but should facilitate and improve 
the work of the surgeons.

In addition, further research should also be focused on increasing the reliability among 
young residents and eventually limit practice variation. More education should be focused 
on DRF including the anatomy, criteria for reduction and influence of surgeon, patient and 
radiological parameters.

Finally, this thesis showed promising results for the Cast-OFF trial, one week of 
immobilization for non-reduced DRF. The following years a national study needs to be 
conducted to gather more data on functional outcome after one week of immobilization 
for non-reduced DRF. The protocol for this second study, Cast OFF-2 can be found in 
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chapter 8 of this thesis. The Cast OFF-2 will be conducted using a stepped wedge design 
and twelve clinical hospitals will be included. Eventually 440 patients need to be included. 
We hope this will lead to more evidence on the patient reported outcome aspects of 
shorter immobilization for DRF. In addition, this study will be used to implement one 
week of immobilization for non-reduced DRF. This study design was rewarded with an 
international grant from the Orthopaedic Trauma Association.

Conclusion
In conclusion, this thesis shows the lack of evidence and treatment variation for one of the 
most often seen fractures on the emergency department. Patients are treated how the 
specific physicians think they need to be treated but not following one or more specific 
guidelines. This may lead to practice variation which may causes avoidable morbidity. 
The second part of this thesis showed that the incidence of CRPS is decreasing and early 
mobilization may result in less post traumatic pain. Shorter plaster cast immobilization 
of one week may lead to less post traumatic pain. In part III of this thesis, it was shown 
that one week of plaster cast immobilization is feasible for non-reduced DRF. Future 
research should be focused on shorter immobilization periods for non-reduced distal 
radius fractures and better patient clinical decision tools using radiological parameters 
and patient factors. This until more evidence is available for the diagnostics and treatment 
of non-operative treated DRF. The Cast OFF-2 study will follow as follow-up study. Finally, 
more education should be given to young residents about DRF, especially focused on the 
complexity of wrist function and the difficulty of treatment recommendations for DRF.
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Distal radius fractures (DRF) are one of the most common seen fractures at the emergency 
department. Of all diagnosed fractures, approximately 17% is a DRF. One third of these 
fractures are non-displaced (1-4). Non-operative treatment with cast immobilization is the 
treatment of choice for the majority of patients with non-displaced or minimal displaced 
distal radius fractures (5, 6).

Recent literature has mainly focused on treatment options for unstable and or 
dislocated distal radius fractures. Several treatment modalities, mainly surgical options, 
have been advocated (7, 8). As a consequence, in literature little attention has been paid 
to the treatment of stable DRF. This thesis will therefore focus on clinical decision-making 
and treatment of non-operative treated distal radius fractures.

This thesis focuses on three main research questions which are also used to divide 
the thesis in three parts. Part I focuses on the diagnosis and treatment of DRF. When do 
we need to reduce a fracture and when is the fracture reduced adequately? The second 
part of this thesis focuses on the aspects of post traumatic pain and especially the pain 
syndrome called complex regional pain syndrome (CRPS). What is the incidence of CRPS 
and does shorter immobilization decrease the incidence of post traumatic pain? The third 
and final part of this thesis focuses on the length of immobilization for non-reduced DRF 
and the notion that shorter immobilization may prevent post traumatic pain. Is one week 
of plaster cast immobilization feasible for non-reduced DRF? The results of this Cast-OFF 
trial will be used for the development of a second study.

Chapter 1 provides an extended introduction of the anatomy of DRF, wrist and forearm 
function, diagnostics and radiographic evaluation including the use of radiographic 
parameters, treatment for DRF and post traumatic pain and ends with an outline of the 
thesis.

Part I Daily practice, closed reduction of a distal radius fracture
In chapter 2 and 3 the practice variation in decision-making concerning when to reduce 
a DRF was investigated. For both these studies the Science of Variation Group (SOVG) was 
used. The SOVG is an international collaboration of orthopedic surgeons, plastic surgeons, 
and fracture surgeons that studies variation in the definition, interpretation, classification, 
and treatment of human illness.

In chapter 2 members from the SOVG who are specialized in upper extremity and hand 
surgery were invited to participate in the study. Two surveys were sent to these surgeons. 
The first survey addressed recommendations for reducing a DRF. The second survey tested 
the influence of expert-based criteria for recommending a reduction for a DRF.

For the survey regarding recommendations for reduction, 95 consecutive radiographs 
from patients with a DRF were selected. We found a fair interobserver reliability on whether 
to reduce a DRF or not (kappa 0.31, CI 0.23–0.39). The degree of dorsal angulation was 
associated with the recommendation for a reduction of a DRF. Each additional degree 
of dorsal angulation increased the chance of recommending a reduction by 3%. This is 
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consistent with our observation that surgeons often use dorsal angulation as the most 
important feature to decide on whether to recommend reduction of a fracture.

For the second survey regarding expert-based criteria and the influence of these criteria 
on recommending a reduction for a DRF, 20 consecutive radiographs were selected. The 
expert-based criteria were chosen by a panel of three trauma surgeons specialized in the 
upper extremity, and were based on the American Academy of Orthopaedic Surgeons 
(AAOS) criteria for adequacy of DRF alignment (9). The criteria are: dorsal tilt of more than 
10°, ulnar positive variance of more than 3 mm, radial inclination of less than 15°, intra-
articular displacement if the fracture is intra-articular. The expert-based criteria did not 
influence the interobserver reliability for recommending a reduction.

According to this study and the literature, there is notable variation in recommendations 
for reduction. Exposure to expert criteria does not diminish this variation. Dorsal angulation 
is the main driver for recommending a reduction, reflecting the fact that surgeons may 
focus on a few, relatively simple factors in making recommendations.

Chapter 3 focused on the adequacy of a reduction. A survey was sent to members who 
are specialized in fracture management, upper extremity and hand surgery. Ninety-six 
consecutive radiographs of a displaced DRF were used for this study. The interobserver 
reliability for satisfaction with a reduction was fair. Dorsal angulation, anterior-posterior 
(AP) distance and ulnar variance were associated with satisfaction of a reduction of a DRF. 
The participants mentioned that adequate alignment, age of the patient and concerns 
about neuropathy were the most important factors to decide whether a fracture was 
adequately reduced or not. According to this experiment, surgeons are influenced by 
deformity but disagree on the final assessment of whether nonoperative treatment is an 
option.

In conclusion, these two chapters show there is fair interobserver reliability for 
recommending a reduction and satisfaction of a reduction for a DRF. Fair interobserver 
reliability contributes to practice variation and this variation can lead to avoidable 
morbidity and unhelpful use of resources.

Part II Post traumatic pain after a distal radius fracture
Part II focuses on post traumatic pain and the pain syndrome CRPS. Chapter 4 and 5 
describe whether early activity postinjury could lead to the prevention of CRPS. Patients 
who underwent nonoperative treatment for a DRF were invited to participate in this 
study. Patients followed an exercise program with progressive loading exercises at home 
immediately after cast removal.

From the 129 patients included in the studies, 12 patients reported disproportionate 
pain (average of 5.5 months post injury), but none were diagnosed with CRPS leading to 
an incidence of zero percent. A more active treatment approach for CRPS seems to limit 
the incidence of CRPS.

10
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In chapter 6 the trend in the incidence of CRPS after a DRF and in general in the 
Netherlands from 2014-2018 was assessed. The incidence of CRPS after DRF over the whole 
study period was 0.36%. Hospital data showed an absolute decrease in CRPS cases from 
520 in 2014 to 223 in 2018. National data confirmed this with a decrease in annual incidence 
from 23.2 (95%-CI 22.5 – 23.9) per 100 000 person years in 2014 to 16.1 (95%-CI 15.5 – 16.7) 
per 100 000 person years in 2018. The changing approach towards CRPS diagnosis and 
fracture management (shorter immobilization period), with more focus on prevention and 
the psychological aspects of disproportionate posttraumatic pain, may be the reason for 
the decreasing trend of CRPS incidence shown in this study.

These three chapters show a low and decreasing incidence for CRPS in the Netherlands. 
Prevention of post traumatic pain and CRPS is important as this is a debilitating syndrome. 
Shorter immobilization periods for DRF could decrease the incidence of post traumatic 
pain and CRPS.

Part III Treatment of non-reduced distal radius fracture. Is one week of plaster 
cast treatment feasible?
In the last part of this thesis, a shorter plaster cast immobilization period for DRF was 
investigated. Chapter 7 describes a randomized trial for non-reduced DRF, the Cast-OFF 
trial. One week of immobilization with plaster cast was studied for non-reduced DRF 
with no or minimal displacement. This study included 40 patients who were randomized 
in the control group consisting of four to five weeks of plaster cast immobilization, or 
the intervention group consisting of one week of plaster cast immobilization. This 
study showed positive results for one week of plaster cast immobilization. One week of 
immobilization is feasible. There was no difference in secondary displacement between 
the two groups. The largest effects on function and pain were seen after four to six weeks. 
The intervention group was equal to the control group and even seemed to have less 
pain, better function and better quality of life after four to six weeks. After three months 
the patient reported outcome scores became similar between the two groups. Patients in 
the intervention group, one week of plaster cast immobilization, seemed to have better 
patient satisfaction.

The positive results of the Cast-OFF study led to the development of a second study 
design, Cast OFF-2. In chapter 8 a protocol is presented for an implementation study. The 
Cast OFF-2 is a multicenter randomized stepped wedge study for implementation of one 
week of plaster cast for non-reduced DRF. This study will be conducted to investigate the 
patient reported outcome scores, patient satisfaction, pain and use of pain medication 
and return to work after a DRF. The follow-up will take place after six weeks, three-, six- and 
twelve months post injury. In addition, this study will be used to implement one week of 
plaster cast immobilization for non-reduced DRF in clinical practice.

Chapter 9 describes a general discussion of this thesis and future perspectives for 
further optimizing treatment for non-operative treated DRF and limiting practice variation. 
Future research should be focused on shorter immobilization periods for non-reduced 
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distal radius fractures and better patient-centered clinical decision tools until more 
evidence is available for the diagnostics and treatment of non-operative treated DRF. It is 
advised to enroll patients in a nationwide mandatory database containing patient reported 
outcome data to enhance patient specific treatment recommendation in a shared decision 
model. The Cast OFF-2 study will be conducted as a follow-up study.

10

Emilyboersma-def.indd   163 08-10-21   09:57



164

Chapter 10

REFERENCES

1. Owen RA, Melton LJ, 3rd, Johnson KA, 

Ilstrup DM, Riggs BL. Incidence of Colles’ 

fracture in a North American community. Am 

J Public Health. 1982;72(6):605-7.

2. Singer BR, McLauchlan GJ, Robinson CM, 

Christie J. Epidemiology of fractures in 15,000 

adults: the influence of age and gender. J Bone 

Joint Surg Br. 1998;80(2):243-8.

3. Brogren E, Petranek M, Atroshi I. Incidence 

and characteristics of distal radius fractures in a 

southern Swedish region. BMC Musculoskelet 

Disord. 2007;8:48.

4. Chung KC, Spilson SV. The frequency and 

epidemiology of hand and forearm fractures 

in the United States. J Hand Surg Am. 

2001;26(5):908-15.

5. Anzarut A, Johnson JA, Rowe BH, Lambert 

RG, Blitz S, Majumdar SR. Radiologic and 

patient-reported functional outcomes in an 

elderly cohort with conservatively treated 

distal radius fractures. J Hand Surg Am. 

2004;29(6):1121-7.

6. Beumer A, McQueen MM. Fractures of the 

distal radius in low-demand elderly patients: 

closed reduction of no value in 53 of 60 wrists. 

Acta Orthop Scand. 2003;74(1):98-100.

7. Brink PRG BN, Deijkers RLM, van Eerten PV, 

Kolkman S, van Loon J et al. Guidelines Distal 

Radius fractures, diagnosis and treatment. 

2010.

8. Walenkamp MM, Bentohami A, Beerekamp 

MS, Peters RW, van der Heiden R, Goslings 

JC, et al. Functional outcome in patients with 

unstable distal radius fractures, volar locking 

plate versus external fixation: a meta-analysis. 

Strategies Trauma Limb Reconstr. 2013;8(2):67-

75.

9. AAOS. Guideline on The Treatment of Distal 

Radius Fractures. 2009.

Emilyboersma-def.indd   164 08-10-21   09:57



165

General summary 

10

Emilyboersma-def.indd   165 08-10-21   09:57



Emilyboersma-def.indd   166 08-10-21   09:58



CHAPTER 11

Dutch summary  
(Nederlandse samenvatting)

Emilyboersma-def.indd   167 08-10-21   09:58



168

Chapter 11

Distale radius fracturen (DRF) behoren tot de meest voorkomende fracturen die op de 
spoedeisende hulp behandeld worden. Van alle gediagnosticeerde fracturen op de 
spoedeisende hulp, is ongeveer 17% een DRF (1-4). De meest geschikte behandeling 
voor patiënten met een niet verplaatste of minimaal verplaatste DRF is conservatieve 
behandeling met gips (5, 6).

De huidige literatuur focust zich met name op de behandeling van instabiele en 
gedisloceerde DRF waarbij verschillende behandelingen worden beschreven, vooral 
gefocust op chirurgische behandelopties (7, 8). Hierdoor is er maar weinig beschreven in 
de literatuur over de conservatieve (niet operatieve) behandeling van een stabiele DRF. 
Dit proefschrift focust zich daarom op de conservatieve behandeling van en de klinische 
besluitvorming over DRF.

Dit proefschrift richt zich op drie onderzoeksvragen, welke zijn terug te vinden in de 
drie delen van dit proefschrift. Het eerste deel is gebaseerd op de diagnostiek en de 
behandeling van een DRF. Wanneer moet een DRF gereponeerd worden en wanneer 
vinden we de stand na repositie adequaat? Het tweede deel focust zich op de aspecten van 
posttraumatische pijn na een fractuur en met name het posttraumatische pijn syndroom 
dat complex regionaal pijn syndroom (CRPS) genoemd wordt. Wat is de huidige CRPS-
incidentie en leidt kortere immobilisatie van een fractuur tot minder posttraumatische 
pijn? Het derde en laatste deel van dit proefschrift focust zich op de duur van immobilisatie 
van een niet gereponeerde DRF. Is één week gipsimmobilisatie voor een niet gereponeerde 
DRF mogelijk? De resultaten van de Cast-OFF studie zullen worden gebruikt voor een 
vervolgstudie.

In hoofdstuk 1 van dit proefschrift wordt een uitgebreidere introductie gegeven ten 
aanzien van de anatomie van een DRF, pols en hand functie, diagnostiek en gebruik van 
röntgenfoto’s, het gebruik van de radiologische parameters, behandeling voor DRF en 
posttraumatische pijn en eindigt met een overzicht van de hoofdstukken in dit proefschrift.

Deel I Dagelijkse praktijk, repositie van een distale radius fractuur
In hoofdstuk 2 en 3 wordt de praktijkvariatie in de indicatiestelling voor het reponeren van 
een DRF beschreven. Aan beide studies werd deelgenomen door de Science of Variation 
Group (SOVG). De SOVG is een internationaal samenwerkingsverband van orthopedische 
chirurgen, plastische chirurgen en traumachirurgen die zich tot doel gesteld heeft de 
variatie in de definities, interpretaties, classificatie en behandeling van verschillende 
ziektebeelden te beschrijven.

In hoofdstuk 2 werden de leden van de SOVG die gespecialiseerd zijn in bovenste 
extremiteiten en hand chirurgie, uitgenodigd om mee te doen met de studie. Er werden 
twee verschillende vragenlijsten verstuurd naar de chirurgen. De eerste vragenlijst 
adresseerde de indicatie voor wanneer een repositie uitgevoerd dient te worden voor 
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een DRF. De tweede vragenlijst onderzocht de invloed van expert-based criteria voor de 
indicatie voor repositie van een DRF.

Voor de eerste vragenlijst, indicatie voor repositie van een DRF, werden 95 röntgenfoto’s 
gebruikt van patiënten met een DRF. Deze studie liet zien dat er sprake was van matige 
betrouwbaarheid voor de indicatie voor repositie van een DRF (kappa 0.31, CI 0.23–0.39). 
De mate van dorsale angulatie was geassocieerd met de indicatie voor repositie van een 
DRF. Elke extra graad aan dorsale angulatie verhoogde de kans op het aanbevelen van een 
repositie voor een DRF met 3%. Dit komt overeen met onze observatie dat chirurgen vaak 
dorsale angulatie gebruiken om te bepalen of een repositie dient te worden uitgevoerd 
voor een DRF.

De tweede vragenlijst onderzocht of bepaalde criteria invloed hebben op de mate 
van betrouwbaarheid voor het bepalen van wanneer een repositie dient te worden 
uitgevoerd. Voor de tweede vragenlijst werden 20 röntgenfoto’s van patiënten met een 
DRF geselecteerd. De expert-based criteria werden gekozen door een groep van drie 
traumachirurgen, gespecialiseerd in handchirurgie, en waren gebaseerd op de criteria 
van de American Academy of Orthopaedic Surgeons (AAOS). Deze criteria zijn bedoeld 
om te beoordelen of een repositie adequaat is uitgevoerd (9). De volgende criteria werden 
opgesteld: dorsale angulatie van meer dan 10 graden, ulnaire variantie van meer dan 
3mm, radiaire inclinatie van minder dan 15 graden en intra-articulaire verplaatsing indien 
de fractuur intra-articulair verloopt. De expert-based criteria hadden geen invloed op de 
betrouwbaarheid van de aanbeveling voor wanneer een repositie uit te voeren voor een 
DRF.

Op basis van deze studie en de literatuur, is er sprake van aantoonbare variatie in de 
indicatiestelling voor wanneer een DRF gereponeerd dient te worden. Expert-based 
criteria hadden geen invloed op de betrouwbaarheid van deze indicatiestelling. Dorsale 
angulatie is de belangrijkste factor in de beoordeling of een DRF gereponeerd dient te 
worden, mogelijk veroorzaakt door het feit dat chirurgen zich met name focussen op een 
relatief simpele parameter in hun beoordeling of een repositie noodzakelijk is.

De tweede vraag van dit deel van dit proefschrift gaat over wanneer een repositie adequaat 
is uitgevoerd. Dit wordt beschreven in hoofdstuk 3. Een vragenlijst werd verstuurd naar 
alle leden van de SOVG die gespecialiseerd zijn in traumachirurgie, bovenste extremiteit 
en handchirurgie. Voor deze studie werden 96 röntgenfoto’s van patiënten met een 
gedisloceerde DRF gebruikt. De betrouwbaarheid voor tevredenheid van de repositie 
van de verplaatste DRF was matig. Dorsale angulatie, anterior-posterior (AP) afstand en 
de ulnaire variantie waren geassocieerd met de tevredenheid van de repositie van de 
fractuur. Tijdens het onderzoek kwam naar voren dat met name de stand van de fractuur, 
leeftijd van de patiënt en zorgen over neuropraxie, de belangrijkste factoren waren om 
aan te geven of een fractuur adequaat was gereponeerd of niet. Uit deze studie blijkt 
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dat chirurgen beïnvloed worden door de mate van deformiteit, maar het uiteindelijk 
onderling niet eens zijn over de beslissing wanneer de fractuur conservatief, met repositie, 
behandeld zou kunnen worden.

Concluderend laten deze twee hoofdstukken zien dat de betrouwbaarheid omtrent 
repositie van een DRF matig is. Deze matige betrouwbaarheid leidt in de praktijk tot 
variatie in de behandeling die invloed heeft op de morbiditeit van patiënten.

Deel II Posttraumatische pijn na een distale radius fractuur
Deel 2 van dit proefschrift focust zich op posttraumatische pijn en CRPS na een fractuur. 
In hoofdstuk 4 en 5 wordt beschreven of vroege mobilisatie na een fractuur leidt tot 
vermindering van de incidentie en het voorkomen van CRPS. Conservatief behandelde 
patiënten met een DRF kwamen in aanmerking voor de studie. De geïncludeerde patiënten 
moesten een oefenprogramma voor thuis volgen direct na het verwijderen van het gips. 
Van de 129 geïncludeerde patiënten rapporteerde twaalf patiënten last te hebben van 
disproportionele pijnklachten (gemiddeld 5.5 maanden na het oplopen van de fractuur) 
waarbij uiteindelijk niemand werd gediagnosticeerd met CRPS (incidentie van 0%). Een 
actievere aanpak voor behandeling na immobilisatie van een DRF leidt mogelijk tot een 
vermindering van CRPS.

In hoofdstuk 6 wordt de trend van de incidentie van CRPS na een DRF en de algemene 
CRPS-incidentie in Nederland van 2014 tot en met 2018 beschreven. De incidentie van 
CRPS na een DRF was 0.36% in deze studie. Patiëntdata vanuit de ziekenhuizen liet een 
absolute verlaging van het aantal CRPS-casussen per jaar zien van 520 in 2014 naar 223 in 
2018. Nationale data liet deze daling ook zien waarbij de incidentie daalde van 23.2 (95%-CI 
22.5 – 23.9) per 100 000 personen per jaar in 2014 naar 16.1 (95%-CI 15.5 – 16.7) per 100 000 
personen per jaar in 2018. De nieuwe inzichten over CRPS en de huidige behandeling 
voor fracturen waarbij korte immobilisatie steeds belangrijker wordt met aandacht voor 
posttraumatische pijn en de psychologische aspecten, lijken de verklaring te vormen voor 
de daling van de incidentie van CRPS in deze studie.

Deze drie hoofdstukken beschrijven de daling van de incidentie van CRPS in Nederland. 
Preventie van posttraumatische pijn en CRPS is belangrijk aangezien CRPS vaak een 
invaliderend ziektebeeld is. Kortere duur van immobilisatie van een DRF kan leiden tot 
een daling van het aantal patiënten met posttraumatische pijn en CRPS.

Deel III Behandeling van een niet gereponeerde distale radius fractuur. Is een 
week gipsbehandeling voldoende?
In het laatste deel van dit proefschrift wordt een kortere duur van gips immobilisatie 
voor DRF beschreven. In hoofdstuk 7 wordt de Cast-OFF studie beschreven. Een 
gerandomiseerde studie waarbij één week gips immobilisatie wordt vergeleken met 
vier tot vijf weken gips immobilisatie voor niet gereponeerde DRF. Er zijn 40 patiënten 
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geïncludeerd in de studie. De patiënten werden gerandomiseerd voor de controlegroep, 
vier tot vijf weken gips, of de interventiegroep, één week gips. Deze studie laat positieve 
resultaten zien voor immobilisatie met één week gips. Eén week gips immobilisatie voor 
niet gereponeerde DRF is veilig en haalbaar. Er was geen verschil in secundaire verplaatsing 
van de fractuur tussen de twee groepen. Het grootste effect op functie en pijn werd gezien 
na vier tot zes weken. De interventiegroep vertoonde gelijke tot zelfs betere resultaten 
wat betreft pijn, functionele uitkomst en kwaliteit van leven na vier tot zes weken. Na drie 
maanden was er geen verschil meer aan te tonen tussen de twee groepen. Concluderend 
liet de studie zien dat één week gips immobilisatie voor niet gereponeerde DRF mogelijk is.

De positieve resultaten van de Cast-OFF studie hebben geleid tot het ontwikkelen van 
een vervolgstudie, de Cast OFF-2. In hoofdstuk 8 wordt het protocol beschreven voor de 
Cast OFF-2. Dit is een multicenter stepped wedge implementatie studie. De studie wordt 
uitgevoerd om nog beter de patiënt gerelateerde uitkomstmaten te registreren en te 
onderzoeken en om één week gips te implementeren in de dagelijkse praktijk.

Hoofdstuk 9 beschrijft de algemene discussie van dit proefschrift en de 
toekomstperspectieven voor het verder optimaliseren van de behandeling van 
conservatief behandelde DRF en het verminderen van praktijk variatie. Nieuw onderzoek 
zou zich moeten focussen op kortere immobilisatie duur voor niet gereponeerde DRF. 
Daarnaast zou de behandeling van niet gereponeerde DRF meer gericht moeten zijn op 
het gebruik van klinische besluitvormingsinstrumenten totdat er meer bewijs is voor de 
diagnostiek en behandeling van niet gereponeerde DRF. Het advies is om patiënten te 
includeren in een nationale database die gebruik maakt van patient reported outcome 
gegevens om patiënt geïndividualiseerde zorg te bevorderen. Het vervolg van de Cast-OFF 
studie zal in de vorm zijn van een implementatie studie, de Cast OFF-2.
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RESEARCH DATAMANAGEMENT SUMMARY

The data retrieved and collected during the course of this thesis (October 2017 until July 
2021) were stored and archived according to active guidelines and protocols. The studies 
were performed in accordance with the ethical standards of the Declaration of Helsinki 
(2013), and local ethical standards. All participants provided written informed consent 
before inclusion in the studies. The PhD candidate had obtained a Good Clinical Practice 
certificate (BROK) in 2017.

The study protocols of studies involving data from patients and volunteers, were reviewed 
by the Medical Ethical Committee of the Radboud University Medical Center or the 
Institutional Review Board (IRB) of the Dell Medical School, University of Texas at Austin. For 
chapter 2 and 3, a positive judgement on the study protocol was obtained from the IRB of 
the University of Texas at Austin, (IRB 2017-11-0081, IRB 2017-11-0082 and IRB 2017-11-0100). 
Chapters 4, 5 and 6 were declared exempt from the Medical research involving Human 
Subjects Act (WMO). For chapter 7, the Cast-OFF trial, a positive judgement on the study 
protocol was obtained from the Medical Ethical Committee of the Radboud University 
Medical Center (NL59217.091.17). The study protocol was registered at ClinicalTrials.gov 
(NCT03240471). The paper data obtained from patients in this study was entered in the 
digital data management system Castor EDC. For Chapter 8, the Cast OFF-2, the protocol 
was declared exempt from the Medical research involving Human Subjects Act (WMO). 
The study protocol was registered at Netherlands Trial Register (NL 9278).

Original and processed digital data and accompanying files from this thesis project 
were stored in a folder on the departmental servers of the Department of Surgery of the 
Radboud University Medical Center. Senior authors and main researchers have access to 
this folder. To ensure privacy of study participants, data files of studies contain primarily 
anonymous data using individual subject codes that cannot be traced back to actual 
individuals. If applicable, the codes were stored separately from the study data on the 
departmental servers. Data on paper were stored in a secured archive of the Radboud 
University Medical Center.

All data will be saved for 15 years after completion of the individual studies. Using the data 
for future research is only possible after permission is received. The datasets analyzed in 
this thesis are available from the corresponding author or senior authors on reasonable 
request.
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WORD OF GRATITUDE (DANKWOORD)

Het dankwoord, eindelijk ben ik daar. Klaar om te beginnen aan het dankwoord, het 
leukste, het meest gelezen en misschien wel het moeilijkste en belangrijkste deel van 
mijn proefschrift. Ik kan mij nog herinneren dat ik in mijn vierde jaar van geneeskunde bij 
de chirurgie kwam kijken of ik hier onderzoek kon gaan doen. Ik kwam terecht bij Dr. Frölke 
en ja natuurlijk had hij wel wat onderzoek liggen. Kies maar wat je leuk vindt. Ik koos de 
wereld van CRPS en de distale radius fracturen. Een onderwerp dat ik steeds leuker begon 
te vinden en dat uiteindelijk heeft geleid tot mijn promotieboek! Maar dat boek zou er 
niet geweest zijn zonder de hulp van velen, waarvan ik er hier een aantal wil bedanken.

Prof. Edwards, beste Michael, bedankt voor de vele jaren begeleiding. Je hebt mij zowel 
geholpen met mijn promotie als met mijn jaren als ANIOS en mijn plan voor de opleiding 
chirurgie, hopelijk binnenkort daadwerkelijk in opleiding. Jij hielp mij altijd naar de 
toekomst te kijken en een plan te maken. Ik heb ontzettend veel gehad aan je kritische 
blik en de vele gesprekken en discussies over de verschillende artikelen. Bedankt voor alle 
hulp en tijd. Van jouw begeleiding en ervaring heb ik als persoon veel geleerd en mede 
daardoor is uiteindelijk dit proefschrift tot stand gekomen.

Prof. Nijhuis-van der Sanden, beste Ria, zonder jouw hulp en bijdrage was het nooit gelukt 
dit proefschrift af te maken zoals het nu is. Jouw kritische blik hielp ons om de studies 
te verbeteren. Het was fijn om jouw commentaar over onder meer de epidemiologische 
kant te horen. Daarnaast was jij altijd diegene die mij ook stimuleerde om leuke dingen 
te blijven doen en rust te nemen waar nodig!

Dr. Frölke, beste Jan Paul, lang geleden ben ik ooit begonnen als student bij jouw CRPS 
onderzoekslijn. Zonder dit begin was ik niet geweest waar ik nu ben. In de vele jaren dat 
wij samen hebben gewerkt heb ik ontzettend veel geleerd en ben ik enorm gegroeid. Ik 
kon altijd binnenlopen, niet alleen voor vragen over het onderzoek maar ook voor de leuke 
gespreken over onze vakanties en mijn persoonlijke ontwikkeling. Bedankt voor de vele 
gesprekken en onderzoeken die wij samen hebben mogen doen. Naast Dr. Frölke wil ik 
ook graag Dr. van de Meent en F. Klomp bedanken vanuit het CRPS-onderzoeksteam. Ik 
heb jullie input altijd zeer gewaardeerd.

Dr. Ring, dear David, thank you for the amazing six months in Austin. From the moment 
that I heard that I could do my research internship at your research group it was hard work. 
You pushed me from the beginning till the end to work quick and secure. You helped me 
to learn how to write a research protocol, perform statistical analysis but also to plan and 
to be organized. I had an amazing experience which I will never forget.

Beste leden van de manuscriptcommissie, Prof. dr. Assendelft, Prof. dr. de Bie en Prof. dr. 
Prokop. Bedankt voor alle tijd en aandacht die jullie hebben gestoken in het beoordelen 
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van dit proefschrift. Alle leden van de commissie, dank voor het deelnemen aan de 
oppositie.

Dank aan alle coauteurs voor al jullie snelle reacties en kritische blikken bij het schrijven 
van de artikelen in dit boek.

Lieve collega’s uit het Rijnstate, hartelijk dank voor al jullie steun en vooral ook de gezellige 
tijd die wij hebben in het Rijnstate ziekenhuis. Ook al zijn er wat minder borrels door 
COVID-19, de gezelligheid blijft er altijd.

Ook dank aan al mijn oud-collega’s uit het Radboud ziekenhuis. Mijn eerste baan als dokter 
en daarnaast promoveren. Het was een zware tijd, maar jullie hebben mij geholpen er 
goed door heen te komen. Zal de koffiepauzes in het Radboudumc maar ook de Anneke 
en Ruygh borrels en feestjes niet snel vergeten.

Lieve Tjarda, wat heb ik toch al die jaren zonder jou gemoeten. Jij hebt mij zoveel 
geholpen in al die jaren. Als ik ergens niet uitkwam, bij het lezen van al mijn stukken, indien 
Prof Edwards een klein extra zetje nodig had om mijn stukken te lezen dan was jij er om mij 
te helpen. Maar ook voor de leuke tijd tijdens congressen en alle netwerkmogelijkheden 
was je er. Ik zal het ECTES Congres in Praag niet snel vergeten! Ondanks dat mijn 
proefschrift af is hoop ik dat wij nog veel contact houden, ook als vrienden. Gelukkig heb 
ik nog de Cast OFF-2 om je mee te vervelen. Dank voor alles.

Lieve Femme Phatale, Anouk, Eline, Emma, Lonneke, Marloes en Roos, wat moet ik toch 
zonder jullie! Begonnen als roeiploeg en uiteindelijk gevormd tot een zeer waardevolle 
vriendengroep. Jullie hebben mij altijd gesteund, ook als ik even weinig tijd had voor jullie. 
Ik kan er altijd op rekenen dat ik last minute wat later kan aanschuiven aan het eten of dat 
ik last minute moet afzeggen. Het maakt jullie niks uit. Maar ik kan ook altijd rekenen op 
de gezellige feestjes, festivals, het Femme Phatale Nieuwjaars avondje en alle etentjes. 
Hopelijk op nog vele jaren samen.

Lieve Marloes, ondertussen wonen wij als huisgenoot samen in een mooi huis in Nijmegen 
Oost. Een heerlijke plek om te wonen en kan geen betere huisgenoot wensen. Wij hebben 
beide zware jaren gekend met onze relaties en werk maar hierdoor hebben wij elkaar 
ontzettend goed leren kennen. En wat ben ik daar blij mee. En nu ook nog eens mijn 
paranimf. Op nog heel veel jaren vriendschap.

Lieve Lieke en Maya, mijn Nijmeegse De Geneeskundestudent bestuur genootjes. Ooit 
gezamenlijk begonnen in het bestuur en daarna vrienden gebleven. Altijd wel even de 
maatschappelijk kant van de medische wereld bespreken en ondertussen lekker over 
van alles en nog wat praten. Wie weet komen we straks nog een keer met zijn allen als 
bestuurslid bij de De Jonge Specialist. Ik zie ons daar wel zitten, DG takes over.
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Lieve Inge, Maike, Marleen en Yara, in het eerste jaar van de studie Geneeskunde hebben 
wij elkaar leren kennen. En nu, 9 jaar later, zien wij elkaar nog steeds, al is dat wat minder 
vaak omdat we allemaal zijn uitgewaaid. Bedankt voor al jullie steun. Lieve Yara, mijn 
snijdende maatje. Hopelijk kunnen wij binnenkort bij de Nieuwe Winkel eten om te vieren 
dat wij beide in opleiding zijn en ik eindelijk dit boek af heb. Op nog vele jaren lekker uit 
eten gaan.

Lieve Anouk, Vivien en Jenna. Het kwartetje uit cogroep 188. Drie jaar samen coschappen 
lopen, een tripje Kopenhagen en nu allemaal in verschillende vakgebieden aan het werk. 
Wat ben ik trots op wat wij allemaal hebben bereikt. Bedankt voor de gezellige periode 
tijdens de coschappen en lieve Anouk, dank voor alle steun tijdens met name mijn Amerika 
tijd.

Ik zal vast en zeker nog heel wat mensen vergeten zijn. Ook voor jullie allen, dank voor 
al jullie hulp.

Lieve pap en mam, tja wat zal ik zeggen. Ik ben denk ik niet altijd de makkelijkste. Maar ik 
ben jullie enorm dankbaar voor jullie steun en af en toe strenge gesprekken. Mijn promotie 
heeft heel wat moeilijke gesprekken en misschien ook wat saaie gesprekken opgeleverd. 
De geneeskunde wereld is jullie nou eenmaal onbekend. Maar er waren zeker ook heel 
veel mooie momenten. Met als kers op de taart onze Texas trip. Pap, vooral jij ook bedankt 
voor alle uren die je besteed hebt aan het proeflezen van al mijn stukken.

Lieve Tif en Oli, zus en broertje. Wie had het ooit gedacht, alle kinderen aan het 
promoveren. Tiffy, jij al klaar met dat promotieboekje en Oli inmiddels ook begonnen. En 
de middelste ook als tweede klaar, wat volgen we toch goed de volgorde. Bedankt voor 
al jullie hulp en de vele uren die jullie aan mij en mijn boekje besteed hebben. Als Oli ook 
klaar is moeten wij maar vieren dat wij alle drie doctor zijn.

Lieve Laura, Mischa en Jasper. Eigenlijk heb ik het met jullie nooit zo heel veel over mijn 
promotie. Ook wel fijn moet ik zeggen. Jasper en Mischa, wat leuk om jullie te hebben zien 
opgroeien tot twee volwassen mannen. Ben benieuwd wat jullie van mijn promotieboek 
vinden.

Draga nagypapa es nagymama. Ti mindig, amiben csak tudtatok, segitettetek nekem. 
Köszönöm a sok szeretetet és támogatást. A magyarországi látogatások mindig nagyon 
élvezetesek és kellemesek voltak. Mindig szívesen járok Budapestre vagy a Balatonra. 
Remélem, nemsokára személyesen is látjuk egymást.

Lieve Ton, Lieve Opa, bedankt voor alle steun de afgelopen jaren. Je hebt een zware tijd 
achter de rug maar ondanks dat blijf je vragen naar hoe het met mij en mijn promotie 
gaat. Ik kon altijd bij jullie terecht. Ontzettend dank voor alle fijne etentjes en gezellige 
avonden bij jullie.
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Lieve Vica, Lieve Oma, helaas moet ik dit stuk schrijven terwijl jij er niet meer bent. Wat 
had ik toch graag mijn promotie voor jou willen verdedigen. Altijd geïnteresseerd in wat 
ik doe en hoever ik was. Vanaf de basisschool tot mijn medische studie wist jij mij altijd in 
alles te kunnen helpen, al was het Duits en Frans of Wiskunde en Scheikunde. Het maakte 
niet uit want jij kon alles. Ik mis je ontzettend!
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Year ECTS

TRAINING ACTIVITIES

a) Courses & Workshops

- BROK - NFU, Nijmegen

- RIHS PhD introduction course – Radboudumc

- ATLS course

- ALERT course

- Statistical course STATA

- OTC -1 course

- BOT-I course – Radboudumc

- BOT-II course – Radboudumc

- FCCS course – NVIC

2017

2018

2018

2018

2018

2019

2019

2019

2019

1.5

0.75

2.0

0.5

1.0

1.0

1.0

1.0

2.0

b) Seminars & Lectures

- Radboud Research Rounds and Radboud grand rounds 2018-2020 0.3

c) Symposia & Congresses

- RIHS PhD Retreat – Radboudumc

- Trauma assistenten symposium

- Chirurgendagen Nederlandse Vereniging voor Heelkunde, including 

presentation

- Traumadagen Nederlandse vereniging voor Traumachirurgie, including 

poster presentation

- ECTES

- OTA virtual, including poster presentation

2018

2019

2019

2019

2019

2020

1.0

1.0

1.0

1.0

3.0

0.5

d) Other

- Theme meetings at UT Texas at Austin

- Trauma meetings at Radboudumc Surgery department

2018-2019

2018-2020

2.0

1.0

TEACHING ACTIVITIES
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- Lecture at ROGOO, Orthopedical residents 2019 0.5

b) Supervision of internships

- Supervision research internship, Master Medicine. Student: Tjitske 
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2019-2020 2.0
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