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STELLINGEN

1. Physicians are afraid not to order radiography in patients with wrist trauma, even if 
they have a low clinical suspicion of a distal radius fracture • dit proefschrift

2. We urgently require a definition of what constitutes an unstable distal radius 
fracture • dit proefschrift

3. There is a considerable unwarranted variation in the treatment of patient with a 
distal radius fractures in the Netherlands • dit proefschrift

4. Open reduction and internal fixation with a volar locking plate is preferred over 
bridging external fixation for surgical treatment of distal radius fractures • dit 
proefschrift

5. Clinical decision models should be externally validated before implementation in 
clinical practise • dit proefschrift

6. Sample-size calculations should be based on the minimal clinically important 
difference of a patient-reported outcome measure • dit proefschrift

7. If you want something said, ask a man. If you want something done, ask a 
woman • Margareth Thatcher

8. Je kan beter spijt hebben van de dingen die je wel gedaan hebt dan van de dingen 
die je niet gedaan hebt • Simona Walenkamp

9. The world is a book, and those who do not travel read only one page • Sint-
Augustinus

10. Zelfs een vlieg heeft een pols • naar Desiderius Erasmus
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With the potential benefits of selective radiography in children in mind, Webster et al. at-
tempted to develop a clinical decision rule for paediatric patients with acute wrist trauma.15 
However, their decision rule was never externally validated. External validation is the pro-
cess of assessing the generalizability of a clinical prediction model or rule.16 This is attained 
by testing the rule a different patient population and comparing the observed outcomes to 
the predicted outcomes. Evaluating the performance of a prediction model or a clinical de-
cision rule in a new patient population is essential before its implementation. In Chapter 3, 
we derive and externally validate a clinical decision rule for the use of radiography in acute 
wrist trauma for paediatric patients.

PART 2: TREATMENT
The most common fracture of the wrist is the distal radius fracture, followed by a scaphoid 
fracture.17,18 The annual incidence of distal radius fracture in the Netherlands is around 200 
to 400 per 100,000 persons.19-21 The incidence increases after the age of fifty, especially in 
women due to osteoporosis.22 With the current ageing of the population, it is likely that the 
incidence of distal radius fracture will further rise in the near future.

Despite the high incidence of distal radius fractures, no evidence regarding the best treat-
ment method exists. And as such, management of distal fractures continues to stimulate de-
bate. Non-dislocated fractures generally tend to be stable and can be treated conservatively. 
However, two-thirds of the distal radius fractures are displaced and require reduction.23 The 
optimal treatment of these types of fractures hinges on alleged fracture instability. 

Treatment of unstable distal radius fractures is the subject of numerous studies. Neverthe-
less, a prerequisite for implementing the findings of these studies is the generalizability of 
the results. Generalizability refers to the degree to which the findings in the study popula-
tion can be applied to another, future population of patients.24,25 Studies that focus on the 
treatment of unstable distal radius fractures should therefore clearly describe what they re-
garded as an unstable fracture. However, instability is in the eye of the beholder and there-
fore a situation that is difficult to capture in a definition. In Chapter 4 we describe the most 
common definitions of an unstable distal radius fracture in literature to examine if there is 
one preferred evidence-based definition for future authors.

The absence or variability in definitions of an unstable distal radius fracture in literature 
hampers apparent comparison of studies. As such, there is still no optimum treatment for 
distal radius fractures.26 While the evidence remains inconclusive, the choice of treatment 
is frequently based on surgeon’s preference. These preferences vary according to surgeon’s 
age and background and likely result in variations in practice across hospitals.27-29 Variation 
based on these non patient-related factors is unwarranted and suggests potential to im-
prove cost-effectiveness. The first step in addressing potentially unwarranted variation is 
insight into the extent in which variation across practices exists. In Chapter 5 we examine 

GENERAL INTRODUCTION & OUTLINE OF THE THESIS
Wrist trauma is one of the most common Emergency Department attendances.1 Annually, 
1 million patients are treated in one of the Dutch Emergency Departments2, of which 29% 
constitute patients with hand and wrist injuries. This amounts to 287,000 patients each year. 
This thesis aims to improve diagnosis, treatment and prognosis of patients with wrist injury.

PART 1: DIAGNOSIS
Around 40% of the patients who attend the Emergency Department with wrist trauma have 
sustained a fracture.3 However, most patients are routinely referred for radiography.3-5 In a 
number of hospitals, patients receive radiographs even before clinical examination, chal-
lenging the traditional sequence of taking a history, performing a physical exam and (only) 
then ordering necessary diagnostic tests.

There are several possible explanations for this routine, including Emergency Department 
crowding and efficient management of time.6 Physicians working the Emergency Depart-
ment may also be uncritical when it comes to referring patients for X-ray examinations to 
reassure the patient, or because of the possible medicolegal consequences of a missed frac-
ture.6,7 The latter reason classifies as defensive medicine and is associated with high costs.8

Selecting patients for wrist radiography could result in more efficient use of X-ray exam-
inations in the Emergency Department.5 However, this requires physicians to be able to 
interpret clinical findings and accurately rule out a fracture of the wrist on the basis of their 
clinical findings alone.9 In Chapter 1 we examine physicians’ ability to rule out a distal radius 
fracture based on clinical findings. 

Several studies have demonstrated differences among hospitals in referral ratio for X-rays 
of patients following wrist trauma.3,4 This variability between physicians in their perception 
of what constitutes clinical suspicion of fractures implies a lack of clear guidelines regarding 
the X-ray referral policy.3,4,10 A validated clinical decision rule could reinforce physicians’ clin-
ical judgment and support them in their decision not to request radiography. Several clinical 
decision rules for musculoskeletal trauma already exist including for ankle11, elbow12 and 
knee trauma.13 The most famous clinical decision rule is probably the Ottawa Ankle Rules.11 
However, despite the high incidence of wrist trauma, there are no guidelines or criteria 
available that indicate which patients with wrist trauma require an X-ray. In Chapter 2 we 
derive and externally validate a clinical decision rule for the use of radiography in acute wrist 
trauma.

Radiographic imaging following acute wrist trauma is often performed routinely in children 
as well.3 This unnecessarily exposes children to possible stressful examinations and radia-
tion. Although radiation exposure of plain radiography of the wrist is low, it is important to 
prevent unnecessary radiation exposure.14 



PART 1 GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

12 13

model in a different patient population with displaced distal radius fractures.

Although the goal of treatment of distal radius fractures is to achieve and maintain anatomic 
alignment, radiologic parameters are not always predictive for functional outcome.46,47 Es-
pecially in elderly patients, for whom subjective functional results generally tend to be less 
susceptible to distal radius fracture alignment.47-49 This is one of the reasons why patient-re-
ported outcomes have started to gain importance in orthopaedic research.50-52 

One of the most frequently used outcome measures in distal radius fracture studies is the 
Patient-rated Wrist Evaluation score, a 15-item questionnaire designed to measure patient 
wrist pain and disability. To recognize a treatment effect expressed as a change in PRWE 
score, it is important to be aware of the minimum clinically important difference (MCID) 
of the PRWE score. The MCID represents the smallest change in score that would be per-
ceived by the patient as beneficial.51,53,54 Consequently, a numeric change in score that is less 
than the MCID, even if statistically significant, does not represent a true clinically relevant 
change. Because the MCID defines a difference that is considered important to patients, it 
also serves as the basis for estimating the necessary sample size in designing future stud-
ies.55 in Chapter 11 we determine the Minimum Clinically Important Difference of the PRWE 
for patients with distal radius fractures.

the variation in surgical treatment rates across all Dutch hospitals.

When two types of treatment generally achieve acceptable results and literature does not 
substantiate the choice for one over the other, cost-effectiveness comes into play. Annually, 
hand and wrist injuries account for 740 million U.S. dollars and are the most expensive type 
of injury, outranking lower limb and knee fractures.1 Around 56% of the costs are related to 
loss of productivity.1 Internal fixation allows early mobilisation of the injured wrist possibly 
resulting in less absence from work. However, the direct costs of operative management are 
two to three times higher than conservative treatment.30,31 Conversely, secondary fracture 
dislocation following closed reduction occurs in up to 59% of the patients32,33, after which 
surgical fixation is the treatment of choice.33 In Chapter 6 we compare functional outcome 
of volar locking plate versus external fixation in patients with unstable distal radius frac-
tures. In Chapter 7 we describe the design of a multicentre randomised controlled trial to 
compare the functional outcome following surgical reduction and fixation with a volar lock-
ing plate with the functional outcome following closed reduction and plaster immobilisation 
in patients with displaced extra-articular distal radius fractures. Simultaneously, we describe 
the parallel economic evaluation study of these two treatment modalities.

If secondary fracture dislocation is left untreated, patients can develop a symptomatic mal-
union of the distal radius.34-36 A corrective osteotomy for patients with a malunited radius 
fracture can improve wrist function and reduce stiffness and pain.37 However, malunions of 
the radius commonly involve complex three dimensional deformations in different planes, 
and therefore represent a therapeutic challenge to surgeons.38-42 Conscientious preopera-
tive planning of the procedure and accurate surgical repositioning is required to achieve ac-
curate anatomical reconstruction.43-45 Computer-assisted preoperative and intra-operative 
planning may optimise the results of corrective osteotomies of the radius. In Chapter 8 we 
analyse the radiological results of computer-assisted 3-D planned corrective osteotomy in a 
series of patients with a malunited radius fracture. 

PART 3: PROGNOSIS
Ideally, patients with a significant risk of secondary fracture displacement are identified at 
the time of presentation and selected for pre-emptive surgical treatment. This would enable 
timely definitive management, avoid unnecessary painful manipulation and possibly reduce 
the incidence of malunions.32 Unfortunately, patients with potentially unstable distal radius 
fractures are difficult to identify. In Chapter 9 we describe the results of a meta-analysis of 
predictors of secondary displacement in distal radius fractures.
Another method to identify a patient with an unstable distal radius fracture is by using a 
clinical prediction model. The largest study to develop a clinical decision rule was Macken-
ney et al., who performed a study in over 4,000 patients.32 However, although the model is 
available as an online calculator and can thus be used in clinical practice, it has never been 
externally validated. In Chapter 10 we describe the results of the external validation of this 
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A MULTICENTRE CROSS SECTIONAL STUDY 
TO EXAMINE PHYSICIANS’ ABILITY TO 
RULE OUT A DISTAL RADIUS FRACTURE 
BASED ON CLINICAL FINDINGS

M.M.J. Walenkamp 
M.P. Rosenwasser
J.C. Goslings
N.W.L. Schep

Eur J Trauma Emerg Surg. 2015
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PHYSICIANS’ ABILITY TO RULE OUT A DISTAL RADIUS FRACTURE BASED ON CLINICAL FINDINGS 

1

INTRODUCTION
Radiography for patients with wrist trauma is routine in most hospitals.1-3 However, only 
40% of these patients have sustained a fracture of the wrist.2 This conservative approach 
entails unnecessary exposure to radiation, waiting time for the patient and additional health 
care expenditure. 

Selecting patients for radiography could result in more efficient use of X-ray examinations 
in the Emergency Department.1 However, others advocate that the high prevalence of frac-
tures in patients with wrist trauma mandates radiography in all patients.2 Regardless, since 
there are no recognized guidelines or criteria available to rely on, physicians will have an 
overly cautious attitude and continue to request X-rays on a routine basis. 

A validated clinical decision rule could reinforce physicians’ clinical accuracy and reduce the 
use of radiography in the Emergency Department. However, this requires physicians to be 
able to interpret clinical findings and accurately rule out a fracture of the wrist on the basis 
of their clinical findings alone.4

The aim of this study was to study the efficiency of current use of radiography in patients 
with wrist trauma and examine physicians’ ability to accurately rule out a distal radius frac-
ture based on their physical examination.

METHODS
Study design and setting
We performed a multicentre cross-sectional observational study in the Emergency Depart-
ments of five Dutch hospitals from November 2010 to April 2014. The participating hospitals 
included one academic hospital, three teaching hospitals and one non-teaching hospital. 
The Medical Ethical Review Committees of all participating hospitals approved the study, 
without the need for informed consent.

Selection of Participants
Enrolment took place 24 h per day, 7 days a week. We included all consecutive adult patients 
(18 years and older) who presented to the Emergency Department in one of the participat-
ing hospitals with pain or tenderness secondary to wrist trauma. The wrist was defined as 
the proximal segment of the hand, including the carpal bones and the associated soft tissue, 
and the distal segment of the ulnar and radial bone. Wrist trauma was defined as any high 
or low energetic accident involving the wrist, such as a fall on outstretched hand (FOOSH). 
We excluded patients who had sustained multiple injuries (Injury Severity Score ≥16), whose 
injury had occurred 72 h prior and patients whose X-rays were requested prior to their vis-
it to the Emergency Department (for example by their general practitioner). Additionally, 
physicians were instructed not to include patients if radiographs had already been ordered, 
for instance by their General Practitioner, and they were aware of the outcome (fracture 

ABSTRACT

Purpose 
To study current use of radiography in patients with wrist trauma and examine physicians’ 
ability to ruleout a distal radius fracture based on their physical findings.

Methods 
We performed a multicentre cross-sectional observational study in five Emergency Depart-
ments (ED) between November 2010 and June 2014 and included all consecutive adult pa-
tients with wrist trauma. Physicians were asked to perform a standardized examination of 
the wrist and to subsequently indicate the probability of a distal radius fracture.

Results 
The majority of the 924 included patients were referred for radiography (99.6%). Of the 920 
patients that were imaged, 402 (44%) had sustained a distal radius fracture, 82 (9%) an iso-
lated carpal fracture and 12 (1%) an isolated ulna fracture. Overall, physicians were able to 
accurately discriminate between patients with and without a distal radius fracture (area un-
der the receiver operating characteristics curve: 0.87, 95% CI: 0.85 - 0.89). Physicians were 
absolutely certain of their clinical diagnosis in 180 patients (19%), for whom they indicated 
either a 0% or a 100% probability. In these patients, physicians showed a 99% sensitivity 
(95% CI: 98% - 100%) and 67% specificity (95% CI: 53% - 80%) for predicting a distal radius 
fracture.

Conclusions 
Although physicians in the ED are able to accurately discriminate between patients with and 
without a distal radius fracture based on their physical findings, they were only completely 
certain of their diagnosis in 19% of the patients. A validated clinical decision rule could 
reinforce physician’s clinical judgment and support them in their decision not to routinely 
request radiography.
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Table 1. Elements of standardized physical examination

Sex

Age

Hand dominance

Mechanism of injury:
FOOSH
Traumatic hyperflexion
Traffic accident
Direct blow or compressiona

Punch
Other or unknown

Swelling of the wrist

Visible deformation

Distal radius tender to palpation

Distal ulna tender to palpation

Active mobility painful at:
Dorsiflexion
Palmar flexion
Supination
Ulnar deviation
Radial deviationt

Functional tests painful

Radioulnar ballottement testb

Axial compression of forearm

FOOSH, fall on outstretched hand

a. A direct blow to the wrist or compression between two surfaces

b. Test is positive if pain occurs when the ulna is translated from volar to dorsal while the radius manually fixated

Assessors
In the Netherlands, most Emergency Departments are run by emergency physicians. Pro-
viders include emergency physicians; emergency medicine registrars; surgical registrars; or-
thopaedic registrars; junior doctors not in training and 2nd year general practice registrars. 
Registrars are either supervised by emergency physicians or by their attending (surgeon or 
orthopaedic surgeon). 

The assessors included interns under supervision of a registrar; junior doctors not in train-
ing; emergency medicine physicians; emergency medicine registrars; surgical registrars; or-
thopaedic registrars and 2nd year general practice registrars. All physicians (interns, emer-
gency medicine physicians; emergency medicine registrars; surgical registrars; orthopaedic 
registrars and general practice registrars) received regular instructions and training on how 
to assess the clinical variables in a standardized manner. Additionally, we provided informa-
tive pocket cards and posters. Medical students and nurses operated under supervision and 
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present or not). This was ensured, by cross-checking the medical records of all patients 6 
months after inclusion and verifying that radiographs had been requested by a provider 
from the same hospital (and not the General Practitioner). Additionally, the discharge letters 
were reviewed for any sign that patients had been referred to the Emergency Department 
with X-rays obtained elsewhere. 

For all patients without radiographs taken on the initial visit, we assessed the radiology 
report during a 6 month period after the ED visit to check for missed fractures. Additionally, 
we contacted the patients by telephone and inquired if they had visited any other hospital 
since their ED visit or suffered from prolonged (>2 weeks) wrist pain.

Methods and measurements
Data was collected prospectively using standardized Case Record Forms (CRF). The assessors 
were asked to perform a standardized examination of each patient with pain or tenderness 
secondary to wrist trauma. Items included mechanism of injury, physical examination of the 
wrist and functional tests (Table 1). Additionally, they were asked to indicate the probability 
of the presence of a distal radius fracture on a 10-cm Visual Analogue Scale (VAS) from 0 
to 100. Referral for radiography and type of treatment was at the discretion of the treating 
physician.
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Fig. 1 Flowchart of patients through study

A total of 924 patients were analyzed (Table 2). The majority of patients were referred for 
radiography (99.6%). Of the 920 patients that were imaged, 402 (44%) had sustained a distal 
radius fracture, 82 (9%) an isolated carpal fracture, 12 (1%) an isolated ulna fracture, and 
11 (1%) a fracture of the distal radius and a concomitant carpal fracture. There were 48 
scaphoid fractures, 32 triquetrum fractures and 2 other carpal fractures.

Excluded patients
n=94 (9%)

Reasons:
X-ray requested previous to assessment:  n=12 (1%)
Trauma occurred 72 hours previously:  n=15 (1%)
Insufficient details to identify patient:  n=21 (2%)
Probability question not answered:  n=39 (4%)
Other:     n=7 (0,7%)

Patients included 
N-924 (91%)

X-ray requested
n=920 (99,6%)

Distal radius fracture
n=402 (44%)

Carpal or isolated ulnar 
fracture n=94 (10%)

No fracture
n=424 (46%)

No X-ray requested 
n=4 (0,4%)

Patients with wrist trauma
n=1018
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were instructed by one of the physicians.

Outcomes
The reference standard was the presence of a distal radius fracture on the conventional 
X-ray at presentation, as described in the radiologist report. A fracture was defined as the 
presence or disruption of one or more of the cortices of the bone. A fissure and an avulsion 
were recorded as a fracture. The reporting radiologist was blinded to the contents of the 
Case Record Forms. Patients without any bony fractures of the wrist were diagnosed with 
a wrist sprain or contusion. Radiographic series comprised at least one posterior-anterior 
(PA) and one lateral view with approximately 90 degrees of elbow flexion; and any further 
conventional imaging available (for example scaphoid series). Findings on additional Com-
puted Tomography scans or Magnetic Resonance Image scans were not taken into account. 
Patients who were not imaged did not return or went elsewhere because persisting com-
plaints were classified as not having sustained a distal radius fracture.

Analysis
Data entry and analysis were performed with the Statistical Package for Social Sciences 
(SPSS) version 21.0 for Windows. We calculated test characteristics (sensitivity, specificity, 
predictive values and likelihood ratios) with 95% confidence intervals for patients in the no 
risk group (0 % probability) and the definite fracture group (100% probability). To estimate 
the ability of the assessors to discriminate between patients with and without a distal radius 
fracture, we calculated the area under the receiver operating characteristics curve (AUC) of 
the predicted probability. The AUC ranges from 0.5 to 1, with higher scores indicating better 
prediction. 

RESULTS
During the study period, 1018 patients visited the ED for wrist trauma and were enrolled 
in our study. Ninety-two patients (9%) were excluded from the analysis for various reasons 
(Fig. 1). 
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The mean predicted probability of a distal radius fracture was 58% (SD: 33) and the median 
was 65% (IQR: 25 - 90). Overall, the physicians’ predicted probability showed a good dis-
criminati on between pati ents with and without a distal radius fracture: the area under the 
receiver operati ng characteristi cs curve (AUC) was 0.87 (95% CI: 0.85 - 0.89, Fig. 2). The AUC 
was similar for all types of physicians. 

Most pati ents (N = 292, 32%) were considered to have a medium to high risk of a distal ra-
dius fracture. Of those, 123 (42%) had sustained a distal radius fracture (Fig. 3). Physicians 
were absolutely certain of their clinical diagnosis in 180 pati ents (19%), for whom they indi-
cated either a 0% or a 100% risk of a distal radius fracture. In 31 pati ents, the assessors indi-
cated no risk (0%) of a distal radius fracture. They correctly ruled out a distal radius fracture 
in 30 pati ents, and missed one minor nondisplaced fracture. In 149 pati ents, physicians pre-
dicted a defi nite distal radius fracture (100%). They were correct in 134 (90%) pati ents and 
incorrect in fi ft een (10%) pati ents. Three of those fi ft een pati ents had sustained a scaphoid 
fracture and not a distal radius fracture. This resulted in a sensiti vity of 99% and a specifi city 
of 67% for predicti ng a distal radius fracture (Table 4). 

Fig. 2 Receiver operati ng characteristi cs curve for physicians’ predicted probability of a distal radius fracture. 

The area under the curve is 0.87 (95% CI: 0.85 - 0.90). The green line represents an area under the curve of 0.5, 

which is equal to a coin toss.
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Table 2. Demographic characteristi cs of study populati on (N = 924)

Age, median (IQR) 49 (31-63)

Female, no. (%) 558 (60)

Mechanism of injury, no. (%)
FOOSH
Traffi  c accident
Direct blow
Traumati c hyperfl exion
Punch
Other or unknown

607 (66)
77 (8)
63 (7)
26 (3)
18 (2)
133 (14)

Pati ents with distal radius fracture, no. (%) 402 (44)

Pati ents with isolated distal ulna fracture, no. (%) 12 (1)

Pati ents with carpal fracture, no. (%) 82 (9)

Pati ents with multi ple wrist fractures, no. (%)a 11 (1)

Treatment
Expectant
Compression bandag
Plaster immobilisati on  
Reducti on and plaster immobilisati on 
Primary operati ve  
Not recorded in pati ents records  

68 (7)
183 (20)
447 (48)
184 (20)
35 (4)
7 (1)

IQR, interquarti le range; FOOSH, fall on outstretched hand

a. Pati ents with a distal radius fracture and a concomitant fracture of one or more of the carpal bones

There were eight diff erent types of assessors (Table 3). Surgical registrars and emergency 
physicians completed most Case Record Forms (Table 3). Four pati ents were not imaged. 
The physicians indicated a probability of a distal radius fracture of 0% for two pati ents and 
20% for the other two pati ents. None of these four pati ents returned because of persisti ng 
complaints, nor did they indicate to have gone elsewhere for a diagnosti c workup. 

Table 3. Characteristi cs of assessors and their diagnosti c accuracy

Background assessor
(N = 924) 

Number of assessors Number of pati ents 
assessed (%)

AUC (95 % CI)a

Surgical registrar 60 284 (31) 0.85 (0.8 0- 0.89)

Emergency physician 16 214 (23) 0.90 (0.86 - 0.94)

Junior doctor 16 171 (19) 0.92 (0.87 - 0.96)

2nd year GP registrar 43 122 (13) 0.82 (0.74 - 0.90)

Intern under supervision 42 66 (7) 0.78 (0.67 - 0.90)

Emergency registrar 10 59 (6) 0.92 (0.85 - 0.99)

Orthopaedic registrar 4 5 (0.5) Not calculated

Not recorded in pati ents fi les - 3 (0.5) Not calculated

AUC, area under the receiver operati ng characteristi cs curve; CI, confi dence interval; GP, general practi ti oner
a Area under the receiver operati ng characteristi cs curve for physicians’ predicted probability of a distal radius 

fracture
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44% shows that physicians tend to overesti mate the probability of a distal radius fracture. 
This study also shows that most pati ents were classifi ed in the “grey area” with a probability 
of 41% - 80% of a distal radius fracture. Physicians were only completely sure about their 
diagnosis in 19% of the pati ents. Nevertheless, once they were certain, they were able to 
predict a distal radius fracture with high sensiti vity. The low negati ve likelihood rati o of 0.01 
confi rms that physicians’ judgement is a powerful tool to rule out a distal radius fracture in 
adults.5

Although our study did not mandate radiography for all pati ents, physicians requested 
X-rays for 99.6%. This high referral rati o implies a lack of support of physicians in their deci-
sion-making and a potenti al for more effi  cient use of radiography for wrist trauma. A similar 
situati on existed for ankle injury in the early nineti es. Sti ell et al. [6 ] found that physicians 
requested X-rays for most pati ents with ankle injury, even though they were able to accu-
rately discriminate between pati ents with and without a fracture. Their fi ndings suggested 
a great potenti al for more effi  cient use of radiography and lead to the development of the 
renowned Ott awa Ankle Rules.7

This study has several limitati ons. We did not ask physicians to indicate the probability of 
a carpal or ulnar fracture. Wrist X-rays are not only requested to rule out a distal radius 
fracture, but also carpal bone and ulnar fractures. Physicians were not asked to corrob-
orate their decision to request an X-ray of the wrist. It is therefore possible that pati ents 
were imaged because of a suspected scaphoid fracture, while a low probability of a distal 
radius fracture was indicated. Furthermore, physicians might have felt obligated to request 
an X-ray of the wrist because of the introducti on of this study. Although they were other-
wise instructed, this could have resulted in an overesti mati on of the true rati o of pati ents 
referred for radiography. 

The fi ndings of this study might not be generalizable to other Emergency Departments. In 
Dutch hospitals, pati ents are generally examined by emergency physicians, junior doctors 
not in training or registrars (surgical, emergency, GP and orthopaedic). These include physi-
cians with various levels of training and experience who might put less trust in their clinical 
judgement. Nevertheless, our results showed a similar diagnosti cs accuracy among physi-
cians from diff erent backgrounds (Table 3). We acknowledge that clinical judgement is not 
the only factor that aff ects the decision to refer a pati ent for radiography. Pati ent’s expec-
tati ons, crowded EDs and possible medicolegal consequences of a missed fracture also play 
a substanti al role.8 However, these factors do not completely account for diff erent referral 
rati os found among hospitals.2,3 The signifi cant variability in clinical practi ce among similar 
insti tuti ons suggests a lack of clinical guidelines.9

1
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Fig. 3 Distributi on of pati ents (N = 922) with and without fracture by physicians’ predicted probability of a distal 

radius fracture. The percentages are the proporti ons of pati ents with a distal radius fracture in each probability 

group.

Table 4 Diagnosti c accuracy of physicians when certain of a presence of distal radius fracture (95% CI)

Pati ents with distal 
radius fracture

Pati ents without distal 
radius fracture

Total

No risk (0%) 1 30 31

Defi nite fracture (100%) 134 15 149

Total 135 45 180

Sensiti vity (%) 99.3 (97.8 - 100.0)

Specifi city (%) 67.7 (52.9 - 80.4)

Positi ve likelihood rati o 3.0 (2.0 - 4.5)

Negati ve likelihood rati o 0.01 (0.0 - 0.08)

CI, confi dence interval

DISCUSSION
This study confi rms our expectati on that physicians in the Emergency Department are able 
to accurately rule out the presence of a distal radius fracture based on physical fi ndings 
alone. For a randomly selected pair of pati ents, one with and one without a distal radius 
fracture, the probability that a physician working in the ED will correctly identi fy the pati ent 
with a distal radius fracture is 87%. 

The mean predicted probability of 58% versus the observed distal radius fracture rate of 
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CONCLUSION
Although physicians in the ED are able to accurately discriminate between patients with and 
without a distal radius fracture based on their physical findings, they were only completely 
certain of their diagnosis in 19% of the patients. These findings confirm the potential for 
more efficient use of radiography for wrist trauma in the Emergency Department. A vali-
dated clinical decision rule could reinforce physicians’ clinical judgment and support them 
in their decision not to request radiography. We are currently developing such a clinical 
decision rule.10
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THE AMSTERDAM WRIST RULES

BACKGROUND
Wrist trauma is one of the most common Emergency Department (ED) attendances and ac-
counts for approximately 20% of all injuries.1-3 Only 39% of patients with wrist trauma have 
a fracture; however, most patients are routinely referred for radiography.4-6

Unlike ankle7, elbow8 and knee9 injury, there are no guidelines or criteria available that in-
dicate which patients with wrist trauma require an X-ray. A clinical decision rule that selects 
patients for radiography could avoid unnecessary wrist X-rays and therefore decrease radia-
tion exposure; ED waiting times and reduce health care expenditure.6,10-12

Two previous studies investigated the diagnostic value of physicals findings in patients with 
acute wrist trauma.13,14 However, these studies were limited by small study populations and 
did not present a clinical decision rule. 

The purpose of this study was to derive and externally validate a clinical decision rule that 
selects patients with acute wrist trauma in the Emergency Department for radiography. 

METHODS
Study design and setting
The study protocol has previously been published.15 We performed a multicenter prospec-
tive study that consisted of three components. (1) derivation of a clinical prediction model 
for detecting wrist fractures in patients following wrist trauma; (2) external validation of the 
model in a new patient population enrolled in a different setting; and (3) design of a clinical 
decision rule. The study was conducted in the Emergency Departments of five Dutch hos-
pitals from November 11, 2010 to June 25 2014. The participating hospitals included one 
academic hospital and four regional teaching hospitals. The derivation cohort comprised 
all patients enrolled in the academic hospital. The validation cohort included all patients 
enrolled in the four other participating hospitals. 

Selection of participants
We included all consecutive adult patients who presented to the Emergency Department 
with pain or tenderness secondary to wrist trauma. The wrist was defined as the proximal 
segment of the hand, including the carpal bones and the associated soft parts; and the distal 
segment of the ulnar and radial bone. Wrist trauma was defined as any high or low ener-
getic trauma involving the wrist, such as a fall on outstretched hand (FOOSH). We excluded 
patients whose injury occurred more than 72 hours previously or multi trauma patients 
(Injury Severity Score ≥16). Patients who already had an X-ray made previous to their visit 
to the Emergency Department (for example requested by their general practitioner or by 
another hospital) were excluded as well. Additionally, physicians were instructed not to in-
clude patients if radiographs had already been ordered and they were aware of the outcome 
(fracture present or not). 
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ABSTRACT

Background
Although only 39% of patients with wrist trauma have sustained a fracture, the majority of 
patients is routinely referred for radiography. The purpose of this study was to derive and 
externally validate a clinical decision rule that selects patients with acute wrist trauma in the 
Emergency Department (ED) for radiography. 

Methods
This multicenter prospective study consisted of three components: (1) derivation of a clin-
ical prediction model for detecting wrist fractures in patients following wrist trauma; (2) 
external validation of this model; and (3) design of a clinical decision rule. The study was 
conducted in the EDs of five Dutch hospitals: one academic hospital (derivation cohort) and 
four regional hospitals (external validation cohort). We included all adult patients with acute 
wrist trauma. The main outcome was fracture of the wrist (distal radius, distal ulna or carpal 
bones) diagnosed on conventional X-rays.

Results
A total of 882 patients were analysed; 487 in the derivation cohort and 395 in the validation 
cohort. We derived a clinical prediction model with eight variables: age; sex, swelling of the 
wrist; swelling of the anatomical snuffbox, visible deformation; distal radius tender to pal-
pation; pain on radial deviation and painful axial compression of the thumb. The Area Under 
the Curve at external validation of this model was 0.81 (95% CI: 0.77 - 0.85). The sensitivity 
and specificity of the Amsterdam Wrist Rules (AWR) in the external validation cohort were 
98% (95% CI: 95% - 99%) and 21% (95% CI: 15% - 28). The negative predictive value was 90% 
(95% CI: 81% - 99%).

Conclusions
The Amsterdam Wrist Rules is a clinical prediction rule with a high sensitivity and negative 
predictive value for fractures of the wrist. Although external validation showed low speci-
ficity and 100% sensitivity could not be achieved, the Amsterdam Wrist Rules can provide 
physicians in the Emergency Department with a useful screening tool to select patients with 
acute wrist trauma for radiography. The upcoming implementation study will further reveal 
the impact of the Amsterdam Wrist Rules on the anticipated reduction of X-rays requested, 
missed fractures, Emergency Department waiting times and health care costs.
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type of treatment were at the discretion of the treating physician. Although the study did 
not mandate radiographs on all wrist-injured patients, only 5 out of 1019 patients (0.5%) did 
not receive an X-ray of the wrist.

Outcomes
The reference standard was the presence of a fracture of the distal radius, ulna or one 
of the carpal bones, as assessed by the attending radiologist on the X-ray at presenta-
tion. A fracture was defined as a disruption of one or more of the cortices. A fissure and 
an avulsion were recorded as a fracture. The radiologist was blinded to the contents of 
the Case Record Forms. Radiographic series comprised at least one posterior-anteri-
or (PA) and one lateral view with 90 degrees of elbow flexion; and any further conven-
tional imaging available (for example scaphoid series). We did not take findings on 
additional Computed Tomography scans or Magnetic Resonance Image scans into account.                                                                                                                                         
                                                                                                                                                                                                                                                                                            
Sample size
A common rule of thumb to determine the sample size of the development of a prediction 
model is at least ten events (fractures) per variable.16 Patients were evaluated for 19 var-
iables. Therefore the inclusion of minimum of 190 patients who sustained a fracture was 
required in the derivation cohort. According to a similar rule of thumb, external validation 
requires at least 100 patients with an event (fracture) and 100 patients without an event (no 
fracture).16 We continued enrolling patients after the required sample size was achieved to 
maintain the study infrastructure required for the subsequent implementation study.

Analysis
For efficient statistical analysis17-19, we used imputation techniques to impute the missing 
values (aregImpute function from the Hmisc library, R, version 3.0.1.) For each variable con-
taining missings, the aregImpute package draws values from a random sample from the 
non-missing values with replacement. Using this data, aregImpute fits a flexible model that 
predicts the missing target variable while finding its optimum transformation. Each missing 
variable is then imputed with the observed value whose predicted transformed value is 
closest to the predicted transformed value of the missing variable. We considered an im-
putation model that included all dichotomous variables; prehensile grip strength and the 
outcome. The set of first imputations was used for the analyses. 

Model development and internal validation
We derived two clinical prediction models: one for all wrist fractures (distal ulna, distal radi-
us and carpal bone) and one for distal radius fractures only. Using data on patients enrolled 
in the academic hospital, multivariate logistic regression models with all 19 potential predic-
tors were fit. These full modes were reduced using a stepwise backward elimination process 
based on a liberal p-value of 0.2.20 To estimate the internal validation of performance we 
used bootstrapping (500 replications). Bootstrapping provided the shrinkage factor that was 
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Data collection and variables
Eligible patients were included upon presentation in the Emergency Department. Data were 
collected prospectively by the treating physicians on standardized Case Record Forms (CRF).

Box 1. Potential predictors considered in the full model

Sex (if male)

Age (continuous)

Swelling of wrist

Swelling of the anatomical snuffbox

Visible deformation

Distal radius tender to palpation

Distal ulna tender to palpation

Anatomical snuffbox tender to palpation

Scaphoid tubercle tender to palpation

Active mobility painful
dorsiflexion 
palmar flexion
supination  
pronation
ulnar deviation
radial deviation

Functional tests painful
radioulnar ballottement testa

axial compression of forearm
axial compression thumb
pinch grip test

a Test is positive if pain occurs when the ulna is translated from volar to dorsal while the radius manually fixated. 

Except for age, all predictors were ordinal and coded yes (if present) or no (of not present).

Patients were evaluated for 19 clinical variables including patient characteristics, physical 
examination and functional testing (Box 1). We based the selection of variables on clinical 
experience and previous studies.13,14 The questions on the Case Record Form (CRF) were 
presented in a dichotomous nature (yes/no). Eligibility and data collection forms were ver-
ified by two authors by cross-checking the medical records of all patients six months after 
inclusion.

The assessors were all physicians and included consultant emergency medicine physicians; 
emergency medicine residents; surgical residents; orthopaedic residents and general prac-
tice residents. All physicians received regular instructions and training on how to assess the 
clinical variables in a standardized manner. Additionally, we provided informative pocket 
cards and posters. In order not to disrupt common practice, referral for radiography and 
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Figure 1. Flowchart of patients through study

In the derivation cohort, 487 patients were analyzed with a median age of 48 years (in-
terquartile range, 29 - 61) and women were slightly overrepresented (57%). A fall on out-
stretched hand was the most common mechanism of injury (66%). In 251 patients (52%) in 
the derivation cohort, a fracture of the distal radius, ulna or one of the carpal bones was 
identified. 

In the validation cohort, 395 patients with similar demographic characteristics were analyz-
ed (Table 1). In 219 of these patients (55%), a fracture of the distal radius, distal ulna or one 
of the carpal bones was identified.

Eligible patients in derivation cohort 
n = 530

Excluded patients
n = 43 (9%)

Reasons:
CRF filled in by medical student/nurse: n = 23
X-rays requested previously: n = 6 
Insufficient details to identify patient: n = 2 
Injury > 72 hrs previously: n = 11 
Other: n = 1

Excluded patients
n = 94 (19%)

Reasons:
No X-ray requested: n= 5 
CRF filled in by medical student/nurse: n = 45
X-rays requested previously: n = 7 
Insufficient details to identify patient: n = 25 
Injury > 72 hrs previously: n = 5
Other: n = 7

Patients included in the analyses
n = 882 (87%) 

Eligible patients validation cohort
n = 489
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used for the regression coefficients.21 

External model validation and final model development
To assess general applicability, we validated the shrunk models in the cohort that included 
all patients enrolled in the four other participating hospitals. For each patient in the valida-
tion cohort, the probability of a wrist fracture or of a distal radius fracture was calculated 
using the prediction models. The validity of the models was assessed by comparing the 
predicted probabilities of a fracture with the observed fractures. To estimate the ability of 
the models to discriminate between patients with and without a fracture, we calculated the 
Areas under the Receiver Operating Characteristics Curve (AUC). The AUC ranges from 0.5 to 
1, with a higher score indicating more accurate predictions. The models were also evaluated 
for their agreement between predicted fractures and observed fractures. This is otherwise 
known as the model calibration and was assessed by plotting the predicted probability of a 
fracture and the observed frequency of fractures. The ideal slope of such a plot is 1, indicat-
ing perfect agreement between observed and predicted risks.20 As a final step, the models 
were fit on data from both cohorts combined to obtain robust estimates of the regression 
coefficients. These final modes were internally validated by bootstrapping as for the initial 
models.

Clinical decision rule
A clinical prediction model provides an estimated risk of a certain outcome. A clinical de-
cision rule goes one step further and links a recommendation to the predicted risk. In this 
study, the recommendation would be to request an X-ray yes or no. A clinical decision rule 
therefore requires a cut-off value for the predicted probability of a fracture to classify pa-
tients as low or high risk (or recommend an X-ray yes or no). We decided beforehand to 
select a cut-off value at which the sensitivity of the Amsterdam Wrist Rules would not drop 
below 98%, while maintaining the highest specificity. 

RESULTS
Characteristics of study subjects
We enrolled 1019 patients from five participating hospitals. A total of 137 patients (13%) 
were excluded patients from the analysis for various reasons (Fig. 1). In total, 882 patients 
were analyzed (Table 1). In 470 patients (53%), a fracture of the distal radius, distal ulna or 
one of the carpal bones was identified on conventional radiographic series. A distal radius 
fracture was the most common fracture (44%). 

2
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plete Case Record Forms. With the exception of prehensile grip strength, missing values 
comprised less than 5% for each variable (see appendix). 

Model development
A clinical prediction model for all fractures was derived that included eight variables: age; 
sex (if male), swelling of the wrist; swelling of the anatomical snuffbox, visible deformation; 
distal radius tender to palpation; pain on radial deviation and painful axial compression of 
the thumb. The Area Under the Curve (AUC) of this model was 0.84 (95% CI: 0.81 - 0.88) 
and 0.82 (95% CI: 0.79 - 0.85) after correcting for model optimism by bootstrapping. The 
coefficient of each dichotomous variable reflects the amount of change in the probability 
of a fracture (Table 2). The presence of a dichotomous variable with a positive coefficient 
adds to the probability of a fracture. The presence of a dichotomous variable with a negative 
coefficient decreases the probability. The coefficient of the continuous variable age reflects 
the amount of change in probability for every ten-year increase in age. Except for painful 
axial compression of the thumb (coefficient -0.37), the presence of all variables adds to the 
probability of a fracture. Painful axial compression of the thumb decreases the probability 
of a fracture. 

Table 2. Predictors in model for all fracturesa

Predictor Coefficient (95% CI) Odds ratio (95% CI)

Age (per 10 years) 0.35 (0.22 - 0.49) 1.04 (1.02  - 1.05)

Sex (if male) 0.38 (-0.10 - 0.86) 1.46 (0.90 - 2.35)

Swelling wrist 1.48 (1.00 - 1.96) 4.40 (2.72 - 7.11)

Swelling anatomical snuffbox 0.47 (-0.08 - 1.02) 1.60 (0.92 - 2.78)

Visible deformation 1.32 (0.54 - 2.09) 3.73 (1.72 - 8.11)

Distal radius tender to palpation 0.88 (0.23 - 1.53) 2.41 (1.25 - 4.63)

Pain with radial deviation 0.67 (0.08 - 1.26) 1.95 (1.08 - 3.51)

Pain with axial compression of the thumb -0.37 (-0.88 - 0.14) 0.69 (0.41 - 1.15)

 

The coefficient of each dichotomous variable reflects the amount of change in the log odds of a fracture. The 

coefficient of the continuous variable age reflects the amount of change in the log odds of a fracture for every 

ten-year increase in age.

Abbreviations: CI, Confidence Interval

a. Derived from data from the academic hospital

A clinical prediction model for only distal radius fractures was derived that also included 
eight variables: age; swelling of the wrist; visible deformation; distal radius tender to palpa-
tion; pain on ulnar deviation; palmar flexion, supination and the painful radioulnar ballot-
tement test (Table 3). The presence of all variables except pain on ulnar deviation increases 
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Table 1. Clinical and demographic Characteristics of derivation cohort and validation cohort

Characteristics Derivation cohorta 
(n = 487)

Validation cohortb 
(n = 395) Totalc

Age, median (IQR) 48 (29-61) 52 (33-68) 50 (31-63)

Female, No. (%) 276 (57) 256 (64.8) 532 (60.3)

Mechanism of injury, No. (%)  

FOOSH 320 (65.7) 265 (67.1) 585 (66.3)

Direct blow or compression 42 (8.6) 22 (5.5) 64 (7.3)

Traffic accident 37 (7.6) 33 (8.4) 70 (8.0)

Forced hyperflexion 19 (3.9) 6 (1.5) 25 (2.8)

Punch 13 (2.7) 4 (1.0) 17 (1.9)

Other/unknown 56 (11.5) 65 (16.5) 121 (13.7)

Patients with a wrist fractured, No. (%) 251 (51.5) 219 (55.4) 470 (53.3)

  Distal radius fracture, No. (%)e 200 (41.1) 184 (46.6) 384 (43.5)

  Triquetrum fracture, No. (%)e   26 (5.3) 11 (2.8) 37 (4.2)

  Scaphoid fracture, No. (%)e   25 (5.1) 23 (5.8) 48 (5.4)

  Isolated distal ulna fracture, No. (%)e 7 (1.4) 3 (0.8) 10 (1.1)

  Other carpal bone fracture, No. (%)e   2 (0.4) 1 (0.3) 3 (0.3)

Patients with multiple wrist fractures, No. (%) 7 (1.4) 4 (1) 11 (1.2)

Treatmentf

  Expectant 38 (7.8) 28 (7.0) 66 (7.5)

  Compression bandage 94 (19.3) 73 (18.5) 167 (18.9)

  Plaster immobilisation 243 (49.9) 190 (48.1) 433 (49.1)

  Reduction and plaster immobilisation 94 (19.3) 82 (20.8) 176 (19.9)

  Primary operative 18 (3.7) 17 (4.3) 35 (4.0)

  Unknowng 0 5 (1.3) 5 (0.6)

Abbreviations: IQR, interquartile range; FOOSH, fall on outstretched hand.

a. Data from the academic hospital, the derivation cohort

b. Data from the other four hospitals, the validation cohort

c. The final derivation cohort

d. Fracture of the distal radius, distal ulna or one of the carpal bones.

e. Percentage of total number of patients. Because some patients had multiple fractures, the total number of 

different fractures is not equal to number of patients with a wrist fracture.

f. Treatment for patients with and without fractures

g. Not recorded in patients files

Missing values and imputation
In both the derivation and the development cohort, around 80% of the cases had fully com-
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Table 4. The performance of the Amsterdam Wrist Rules at external validation (N=395)

All Fractures

Amsterdam Wrist Rules indicate X-ray 215 139

Amsterdam Wrist Rules indicate no X-ray 4 37

Total 219 176

Sensitivity (%) 98.2 (95.1 - 99.4)  15.7 (3.40 - 72.4)

Specificity (%) 21.0 (15.4 - 27.9) 1.90 (0.86 - 4.18)

Distal Radius Fractures

Amsterdam Wrist Rules indicate X-ray 179 158

Amsterdam Wrist Rules indicate no X-ray 3 53

Total 184 211

Sensitivity (% [95% CI]) 98.4 (96.5 - 100.0)

Specificity (% [95% CI]) 25.1 (19.3 - 31.0)

Abbreviations: CI, Confidence Interval

a. Tested on data from the validation cohort

The cut-off point for X-ray yes or no was a predicted probability of 21% for all fractures and 4% for only distal 

radius fractures.

Box 2. Calculation of the linear predictor and probabilitya

 
Linear predictorb ALL WRIST FRACTURES
0.0309 * age + 0.5862 * (if male) + 1.1486 * (if swelling wrist present) + 0.5757 * (if swelling 
anatomical snuff box is present) + 1.7123 * (if visible deformation present) + 0.7029 * (if 
distal radius tender to palpation) + 0.4963 * (if pain on radial deviation) - 0.1793 * (if on axial 
compression thumb) - 3.616

Linear predictorb DISTAL RADIUS FRACTURES
0.0341 * age + 1.7298 * (if swelling of wrist present) + 1.6462 * (if visible deformation pres-
ent) + 1.8117 * (if distal radius tender to palpation) + 0.4228 * (if pain on palmar flexion) 
+ 0.6567 * (if pain on supination) - 0.2941 * (if pain on ulnar deviation) + 0.5949 * (if pain 
during radioulnar ballottement test) - 6.0202

All individual parameters add to the probability of a fracture.

a. Coefficients were derived from a fit of the model on both cohort combined (N = 882) and corrected for opti-

mism by bootstrapping (N=500 replications
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the probability of a distal radius fracture. Pain on ulnar deviation (coefficient -0.67 (95% CI: 
-1.35 - -0.02) decreases the probability of a distal radius fracture. The Area Under the Curve 
(AUC) of this model was 0.91 (95% CI: 0.88 - 0.93) and 0.90 (95% CI: 0.87 - 0.92) after opti-
mism correction by bootstrapping.

Table 3. Predictors in model for distal radius fracturesa

Predictor Coefficient (95% CI) Odds ratio (95% CI)

Age (per 10 years) 0.40 (0.25 - 0.54) 1.04 (1.02  - 1.06)

Swelling wrist 2.07 (1.44 - 2.70) 7.92 (4.24 - 14.8)

Visible deformation 1.38 (0.59 - 2.17) 3.97 (1.81 - 8.74)

Distal radius tender to palpation 2.75 (1.22 - 4.28) 15.7 (3.40 - 72.4)

Pain on palmar flexion 0.64 (-0.15 - 1.43) 1.90 (0.86 - 4.18)

Pain on supination 0.81 (0.15 - 1.47) 2.25 (1.16 - 4.37)

Pain on ulnar deviation -0.67 (-1.35 - -0.02) 0.51 (0.26 - 1.02)

Pain on radioulnar ballottement test 0.56 (-0.02 - 1.15) 1.76 (0.98 - 3.16)

The coefficient of each dichotomous variable reflects the amount of change in the log odds of a fracture. The 

coefficient of the continuous variable age reflects the amount of change in the log odds of a fracture for every 

ten-year increase in age.

Abbreviations: CI, Confidence Interval

a. Derived from data from the academic hospital

External model validation and test characteristics
The external performance of the models was assessed in the 395 patients in the validation 
cohort. The Area Under the Curve at external validation of the model for all fractures was 
0.81 (95% CI: 0.77 - 0.85) and the calibration slope was 0.94 (95% CI: 0.74 - 1.13). The Area 
Under the Curve at external validation of the model for only distal radius fractures was 0.86 
(95% CI: 0.82 - 0.89) and the calibration slope was 1.07 (95% CI: 0.84 - 1.29).

The Amsterdam Wrist Rules (AWR) for all wrist fractures showed a sensitivity and specificity 
of 98% (95% CI: 95% - 99%) and 21% (95% CI: 15% - 28%) (Table 4). Its negative predictive 
value was 90% (95% CI: 81% - 99%). The sensitivity and specificity for only distal radius frac-
tures were 98% (95% CI: 97% - 100%) and 25% (95% CI: 19% - 31%) (Table 4). The AWR was 
able to rule out 19% (41 / 219) of the patients without a wrist fracture and 25% (53 / 211) of 
the patients without a distal radius fracture. If the AWR had been used for all fractures, an 
X-ray would have been requested for 89.6% (354 / 395) of patients instead of 100%. This is 
an absolute reduction of 10.4%. The final formula to calculate the probabilities are depicted 
in Box 2. The AUC of the final model after bootstrapping was 0.88 (95% CI: 0.86 - 0.90)
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by colleagues van der Brand et al., who concluded that the high percentage of patients that 
had sustained a fracture warrants radiography in all patients with wrist trauma.5 We have 
to agree that the low specificity of the Amsterdam Wrist Rules is somewhat disappointing. 
However, we feel that referring every patient for radiography would be rash and not appro-
priate in light of the ever-rising health care costs.22 Moreover, although specificity of the 
Amsterdam Wrist Rules was low at external validation, it is better than the current practice 
to refer nearly all patients for radiography.5,22 Furthermore, while a 10% reduction in X-rays 
may seem small, on a national level it corresponds to thousands of X-rays annually.
We decided to derive a second decision rule dedicated to the most common wrist fracture: 
a distal radius fracture. The performance of this model was better and therefore we recom-
mend its use in patients who are only suspected of a distal radius fracture. We are currently 
also working on deriving a clinical decision rule dedicated to detecting scaphoid fractures.  

To determine the actual effect of the Amsterdam Wrist Rules in clinical practise we have 
recently started the implementation study and currently enrolled over a 100 patients. In 
this study, we will evaluate the reduction in radiographs requested, costs, ED waiting times, 
missed fractures, patient satisfaction and clinical sensibility to physicians. To simplify appli-
cation of the Amsterdam Wrist Rules, the formula to predict the probability of a fracture 
(Box 2) will be made available in a smartphone application (Fig. 2). Upon entering the clinical 
variables, the application will calculate the probability of fracture and give a recommenda-
tion (X-ray yes/no). A secondary implementation study is scheduled to take place in general 
practitioner’s offices. Implementation in this more general setting, where X-ray apparatuses 
are not readily available, might result in a higher diagnostic yield and even more cost sav-
ings. 

This study has several limitations. According to methodological standards for the develop-
ment of clinical decision rules in the Emergency Department, the reliability of predictor 
variables should be tested by determining the intraobserver and interobserver agreement.25 
However, we considered it unethical to subject patients with a painful wrist to two compre-
hensive physical examinations. Therefore we were unable to assess the consistency of the 
candidate predictors. 
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DISCUSSION
We have developed a clinical prediction rule with a high sensitivity (98%) and negative pre-
dictive value (90%) for fractures of the wrist. Previous studies have illustrated that the X-ray 
referral policy for patients with wrist trauma is often obscure and unfounded, and to date 
no guidelines or criteria were available.5,13,14,22 The Amsterdam Wrist Rules can provide phy-
sicians with an externally validated screening tool trauma in the Emergency Department to 
select patients with acute wrist trauma for radiography. 

The foremost strength of the Amsterdam Wrist Rules is that it is one of the few clinical 
decision rules that have been externally validated. Most clinical decision rules only under-
go internal validation, often by bootstrapping.23 However, evaluating the performance of a 
prediction model or a clinical decision rule in a new patient population is essential before its 
implementation. The Amsterdam Wrist Rules underwent this most stringent form of exter-
nal validation: the rules were tested in a patient population from different type of hospitals 
with different physicians.24 The performance of the Amsterdam Wrist Rules expressed in the 
AUC reflects excellent discriminative ability in a new patient population. 

However, the Amsterdam Wrist Rules showed disappointing specificity at external valida-
tion. We could have developed the clinical decision rule with higher specificity and number 
of X-rays avoided. However, this would have resulted in a decreased sensitivity and conse-
quently more fractures missed. Preferably, clinical decision rules in the Emergency Depart-
ment have a very high sensitivity and negative predictive value. We believe that physicians 
will be reluctant to use any clinical decision rule with a sensitivity below 98%.25 In a similar 
way Stiell et al. devised the Ottawa Ankle Rules with a sensitivity of 100% because they 
felt that physicians would not accept to miss fractures. However, they also expressed the 
hope that society will come to accept the small price of an occasionally missed fracture that 
would probably have led to very little morbidity for the patients.7 

If the Amsterdam Wrist Rules had been applied in the external validation cohort, the 10% 
absolute reduction in X-rays would have been accompanied by 4 (1.6%) missed fractures: 
two scaphoid fractures, one intra-articular distal radius fracture and one extra-articular 
distal radius fracture. None of these fractures were dislocated or required surgery. Conse-
quently, we advise caution in the use of the Amsterdam Wrist Rules before its true effects 
on both patient care and use of resources have been evaluated in the upcoming implemen-
tation study. After implementation of the Ottawa Ankle Rules, a relative reduction of 26% of 
ankle radiographies was recorded in the intervention hospital without any missed fractures 
or patient discontent.11,26 

Another difference between the study population of the Ottawa Ankle Rules and our study 
is the pre-test probability. Ankle fractures occurred in around 14% of the patients with ankle 
injury whereas 53% of our patients had sustained a wrist fracture. This issue was also raised 
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CONCLUSION
The Amsterdam Wrist Rules is a clinical predicti on rule with a high sensiti vity and negati ve 
predicti ve value for fractures of the wrist. The Amsterdam Wrist Rules can provide phy-
sicians in the Emergency Department with a useful screening tool to select pati ents with 
acute wrist trauma for radiography. 

Figure 2. A screen shot of the smart phone applicati on that will be used during the implementati on study. 

Aft er entering the clinical fi ndings, the applicati on will calculate the probability of a distal radius fracture using 

the formula depicted in Box 1. If the probability of a distal radius fracture is <4%, the Amsterdam Wrist Rules 

applicati on will recommend no radiography. The applicati on was built by Applicati onBuilders.

Ideally, the reference standard for this study was the presence of a distal radius fracture 
on Multi  Slice Computed Tomography (CT) or Magneti c Resonance Imaging (MRI) scans.16 

However, considering the number of parti cipants this was both unethical and not feasible. 
Therefore, the outcome used for the analysis was the radiographic diagnosis made by the 
att ending independent skeletal radiologist based on the available radiographs at presenta-
ti on. Consequently, this approach has resulted in a clinical decision rule that does not detect 
injuries that are not diagnosed on conventi onal radiography.
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INTRODUCTION
In children, wrist trauma is one of the most common reasons for visiting the emergency 
department.1-3 A fracture of the wrist accounts for approximately 25% to 36% of all pediatric 
fractures.4-8 The most common diagnosed type of injury following wrist trauma is a fracture 
of the distal forearm. Occurrence of carpal fractures is low, varying from 1% to 3% in chil-
dren with a wrist fracture.7-9 

During the last 4 decades, an increase of distal forearm fractures in children was reported.2, 

3, 6 Due to the increase in incidences, health care costs for pediatric forearm fractures in the 
United States currently exceed $2 billion per year.10 An important cause for this rise in health 
care costs is the increase in the number of radiographs requested.3, 11 

Unlike ankle and cervical spine injury12-14, no guidelines are available that indicate when 
children with wrist trauma require radiography. Therefore, radiographic imaging in children 
following acute wrist trauma is often performed routinely in most hospitals.15, 16 However, in 
one study only 51% of radiograph studies performed in children after wrist trauma demon-
strated a fracture.17

Because of this routine referral for radiography, unnecessary costs are incurred, waiting 
time is extended and radiation exposure is increased.18-21

The goal of this study was twofold: 1) to derive a clinical decision tool, and 2) to externally 
validate a clinical decision tool that physicians can use to decide whether referral for radiog-
raphy in children with acute wrist trauma is required and consequently whether this would 
lead to a reduction in the number of radiographs requested.

MATERIALS AND METHODS
Design and setting
This study was part of a combined study in which the adult population was analysed sep-
arately from the pediatric population. The study protocol of the adult patient group has 
previously been published.22 In the pediatric population, we applied practically the same 
protocol. The results are addressed in this article. We performed a multicenter prospective 
study from April 6, 2011, to April 15, 2014, in four national hospitals - one university hospital 
and three non-university teaching hospitals. The children included in the university hospital 
formed the development cohort. The children included in the three other hospitals formed 
the validation cohort. We did not expect a difference in referral patterns among hospitals 
since the university hospital also functions as a local referral center for general practitioners. 

The study consisted of three components: 1) to prospectively define a clinical decision tool, 
2) to externally validate this clinical decision tool and (3) to define a clinical decision tool. 

ABSTRACT

Background 
In most hospitals, children with acute wrist trauma are routinely referred for radiography.

Objective 
To develop and validate a clinical decision rule to decide whether radiography in children 
with wrist trauma is required.

Materials and methods 
We prospectively developed and validated a clinical decision rule in two study populations. 
All children who presented in the emergency department of four hospitals with pain follow-
ing wrist trauma were included and evaluated for 18 clinical variables. The outcome was a 
wrist fracture diagnosed by plain radiography.

Results 
Included in the study were 787 children. The prediction model consisted of six variables: 
age, swelling of the distal radius, visible deformation, distal radius tender to palpation, 
anatomical snuffbox tender to palpation, and painful or abnormal supination. The model 
showed an area under the receiver operator characteristics curve of 0.79 (95% CI: 0.76 - 
0.83). The sensitivity and specificity were 95.9% and 37.3%, respectively. The use of this 
model would have resulted in a 22% absolute reduction of radiographic examinations. In a 
validation study, 7/170 fractures (4.1%, 95% CI: 1.7% - 8.3%) would have been missed using 
the decision model.

Conclusion 
The decision model may be a valuable tool to decide whether radiography in children after 
wrist trauma is required.
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disrupt common practice, referral for radiography was left to the discretion of the attending 
physician.

Test methods
The outcome was the presence or absence of a radiologically detected fracture of the distal 
forearm (radius, ulna or both) diagnosed by the attending radiologist. A third-year resident 
in radiology (A.S.) and a clinical physician (M.M.J.W.) revised all radiographic imaging and ra-
diologic reports. Any discrepancies in diagnosis were resolved in consensus reading. Where 
necessary, a pediatric radiologist (R.R.vR.) with more than 10 years of experience was con-
sulted. 

Regular clinical information was available for the radiologist, but the content of the case 
record form was not provided. Conforming to standard clinical practice, plain radiographic 
imaging consisted of at least one posterior-anterior and one lateral view and any further 
conventional imaging available (e.g., scaphoid series).

Sample size
A common rule of thumb to determine the sample size of the development of a prediction 
model is 10 events per variable.27 Since our case record form (CRF) consisted of 18 variables, 
the inclusion of a minimum of 180 children who sustained a fracture was required. External 
validation required at least 100 events (fractures) and 100 non-events.27

Statistical analysis
For efficient statistical analysis, we used imputation techniques to input the missing values 
(aregImpute function from the Hmisc library, R, version 3.0.1.)28-30 For each missing variable, 
this algorithm initializes the values from a random sample from the non-missing values. 
Using this data, it then fits a flexible model that predicts the missing target variable while 
finding its optimum transformation. Each missing value is imputed with the observed value 
whose predicted transformed value is closest to the predicted transformed value of the 
missing variable. We considered an imputation model that included all potential predictor 
variables and the outcome. The first set of imputations was used for the analyses.

Model development and internal validation
We derived a clinical prediction model from data on patients enrolled in the university hos-
pital. 

We fitted a logistic regression model with 18 predictors, which was reduced using a stepwise 
backward elimination process based on a P-value of 0.15.31 We used bootstrapping to esti-
mate the internal validity (500 replications). Bootstrapping mimics the process of sampling 
from the underlying population and is a method to quantify the optimism of a prediction 
model: the difference between performance in the bootstrap sample and performance in 
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The Medical Ethical Review Committees of all participating hospitals approved the study 
(Dutch Trial Registry number NTR2651) and waived informed consent.

Participants
All children younger than 18 years old who presented in the emergency department in one 
of the four participating hospitals with pain following wrist trauma were included. Children 
younger than 3 years old were excluded, as it is difficult to obtain an objective physical 
examination. We also excluded patients whose injury occurred more than 72 h previously 
or patients who had sustained multiple injuries (Injury Severity Score ≥16). Patients whose 
radiographs were requested previous to their visit to the emergency department (e.g., by 
their general practitioner) were excluded as well.22 Patients with pre-existing musculoskel-
etal disease, coagulopathy or developmental delay and patients with previous history of 
surgery or recent (<3 months) injury of the affected wrist were also excluded. Physicians 
were instructed not to include patients if they were aware of the outcome of the radiograph 
performed before physical examination. Since it was not mandatory to obtain radiography 
in all children following wrist trauma only 12 out of 897 patients (1.3%) did not undergo 
radiographic imaging. These children were also not included in the study.

Definitions
Wrist trauma was defined as any high or low energetic accident involving the wrist. Corre-
sponding to the protocol of the adult study population, wrist injury was defined as injury to 
the proximal segment of the hand, including the carpal bones and the associated soft parts, 
and the distal one third of the ulnar and radial bone.22 Since the incidence of carpal fractures 
in children is low and since scaphoid fractures are frequently occult on plain radiography, 
carpal fractures were not taken into account.7, 9, 23 A fracture was defined as a disruption 
of one or more of the cortices of the bone. Buckle fractures or bowing fractures were also 
recorded as a true fracture, as were fissures and avulsions. A combined fracture of the ulna 
and radius, known as an antebrachii fracture, was recorded as one fracture.

Data collection and variables
We used standardized case record forms to prospectively collect our data in all four partic-
ipating hospitals. The case record form consisted of 18 clinical variables, including patient 
characteristics, physical examination and functional testing (Appendix 1). All variables were 
selected after evaluation of previous studies and consensus agreement of clinical experts.24-26 
All variables on the case record form, in exception of grip strength, were dichotomous (yes/
no). The attending physician included eligible children after physical examination. The case 
record forms were filled in after physical examination. The assessors were all physicians 
and included consultant emergency medicine physicians, general practice registrars, and 
specialist registrars of the departments of (trauma) surgery, emergency medicine or ortho-
pedics. All physicians received regular instructions and training before recruiting children to 
the study. Additionally, informative pocket cards and posters were provided. In order not to 
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Eligible patients n=897 Excluded patients
n=100 (12.2%)

No X-ray: n=12 (1.3%) 
CRF filled in by nurse/med student: n=58 (6.4%)
X-rays requested previously to assessment: n=12 (1.3%)
Insufficient details to identify patient: n=14 (1.6%) 
Injury > 72 hrs previously: n=4 (0.4%)
Other: n=10 (1.1%)

Included in analysis n=787 (87.6%)

Distal forearm fracture n=364 (46.3%) No distal forearm fracture n=423 (53.7%)

Fig. 1 Flowchart demonstrates patient selection and outcomes

Table 1. Clinical and Demographic Characteristics of Development Cohort, Validation Cohort and Total Cohort

Characteristics Development 
Cohorta (n = 408)

Validation 
Cohortb (n = 379)

Totalc 
(n = 787)

Age, median (SD) 12 (3) 11 (2.9) 11 (2.9)

Male, No. (%) 272 (66.7) 201(53.0) 473 (60.1)

Patients with a fracture of the distal forearm, 
No. (%)

194 (47.5) 170 (44.9) 364 (46.3)

Fractures N=207 N=180 N=387

Distal radius 165 (79.8) 155 (86.1) 320 (82.7)

Distal ulna 2 (0.97) 0 (0.0) 2 (0.52)

Antebrachii 27 (13.0) 15 (8.3) 42 (10.9)

Otherd 13 (6.3) 10 (5.6) 23 (5.9)

Abbreviations: SD, standard deviation

a. Data from the academic hospital, the initial development cohort

b. Data from the other three hospitals, the validation cohort

c. Patients included in the analysis (data from all four hospitals), the final development cohort

d. Fractures of the carpal bones and metacarpal bones.

Missing values and imputation
In both the development and validation cohorts, 83% of the cases were complete. Miss-
ing values comprised less than 5% for all variables with the exception of prehensile grip 
strength, which was not completed in 12.5% of the patients (Appendix 2).
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the original sample.32 A shrinkage factor, also obtained by bootstrap validation, was used for 
multiplication of the regression coefficients.

External model validation and final model development
To assess general applicability, we validated the model in the cohort that included all chil-
dren enrolled in the three other participating hospitals. For each patient in the three other 
hospitals (the validation cohort), the probability of a distal forearm fracture was calculated 
using the prediction model. To estimate the ability of the model to discriminate between pa-
tients with and without a fracture, we calculated the area under the receiver operating char-
acteristics curve (AUC). An AUC of 0.5 means that the test is not predictive. An AUC of 1.0 
means that the predictive value is very high. The agreement between observed outcomes 
and predictions (the calibration of the model) was determined by plotting the predicted 
probability of a fracture and the observed frequency of a fracture. A slope of 1 is ideal for 
the observed outcomes versus predicted risk.31 

In order to provide a recommendation (whether to perform radiography or not), we estab-
lished a cutoff value for a predicted probability. Previous literature used a threshold varying 
from 20% to 25% for the use of radiography in children and adolescents for detecting upper 
extremity injury.33 Therefore, we used a threshold probability of 23% (the mean of 20-25%), 
beyond which the Amsterdam Pediatric Wrist Rules recommend radiographic imaging for all 
children with wrist trauma and below which none would undergo radiographic imaging. 

As a final step, the model was fitted on data from both cohorts combined to obtain the final 
estimates of the regression coefficients.

RESULTS
Participants
A consecutive series of 897 children with wrist injury was recruited in the four participating 
hospitals. We excluded 110 patients (12.2%) for various reasons (Fig. 1). In 364 children 
(46.3%), a fracture of the distal forearm was diagnosed (Table 1). In the development cohort 
(the university hospital), we included 408 patients. The mean age was 12 years (standard 
deviation: 3.0); more than half of them were male (66.7%). A fracture of the distal forearm 
was diagnosed in 194 patients (47.5%). In the validation cohort (three teaching hospitals), 
379 patients were included. There were no significant differences between the cohorts (Ta-
ble 1). The mean age in the validation cohort was 11 years (standard deviation: 2.9) and 
53% were male. In 170 patients (44.9%), a fracture of the distal forearm was diagnosed. The 
observers had several months up to 21 years of experience in the emergency department 
(median: 3.5, interquartile range: 2 - 11).
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Table 3. Test characteristics and performance of the Amsterdam Paediatric Wrist Rules in the external valida-

tion cohorta (95% CI)

Patients with 
fracture

Patients without 
fracture Total

Amsterdam Paediatric Wrist Rules indicate radiograph 163 131 294

Amsterdam Paediatric Wrist Rules indicate no 
radiograph

7 78 85

Total 170 209 379

Sensitivity (%) 95.9 (91.7 - 98.0)

Specificity (%) 37.3 (31.0 - 44.1)

Abbreviations: CI, Confidence Interval
aTested on data from the other three hospitals (the validation cohort), cut-off point for radiograph yes or no was a 

predicted probability of 23%.

After applying the Amsterdam Pediatric Wrist Rules, 7/170 fractures (4.1%, 95% CI: 1.7% 
- 8.3%) were missed in the external validation cohort (Appendix 4). They consisted of six 
buckle fractures of the distal radius and one non-displaced distal radius fracture with a buck-
le component. All these missed fractures were found in boys ages 10-15 years old.

DISCUSSION
Our derived prediction model, the Amsterdam Pediatric Wrist Rules, is a valuable tool for 
physicians in the emergency department in deciding if referral for radiography is required in 
children after acute wrist trauma. We showed that a combination of six clinical variables was 
able to discriminate between children with and without a fracture with an AUC of 0.79. By 
applying the Amsterdam Pediatric Wrist Rules, the number of requested radiographs would 
have been reduced by 22%. The incidence of children with a fracture in the Netherlands in 
2009 was 4.465 per 100,000 children from 5-19 year old.6 Since approximately 50 % of the 
children with wrist injury are diagnosed with a fracture, this resulted in 8,930 children with 
wrist injury per 100,000 children in 2009.17, 34 

By applying the Amsterdam Pediatric Wrist Rules, radiographic imaging could have been 
prevented in almost 2,000 children per 100,000 (22% reduction). At a price of 48 Euro/$50 
per radiograph, the possible reduction of health care cost will be 96.000 euro per 100,000 
children annually.16, 17 This amount is probably an underestimation because the provided 
incidence included children ages 5-19 years old and the population that could benefit from 
the Amsterdam Pediatric Wrist Rules is 3-18 years old. As was the case following the imple-
mentation study of the Ottawa Ankle Rules, a reduction in waiting time may be expected 
after applying the Amsterdam Pediatric Wrist Rules.35 Additionally, we assume that applying 
the Amsterdam Pediatric Wrist Rules will generate a reduction in radiation exposure. Al-
though radiation exposure of plain radiography of the wrist is low (effective dose: 0.16 μSv), 
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Model development
The clinical prediction model derived included six variables: age, swelling of the distal radi-
us, visible deformation, distal radius tender to palpation, anatomical snuffbox tender to pal-
pation and painful supination (Table 2). The AUC of the model was 0.81 (95% CI: 0.76 - 0.85); 
after correction for optimism by bootstrapping the AUC was 0.77 (95% CI: 0.73 - 0.82). We 
evaluated lack of fit of the model by relaxing assumptions of linearity and additivity of pre-
dictor effects. We hereto examined nonlinear transformations of the variable age, including 
the square term and the log transformations. We also examined interaction terms between 
swelling of the distal radius and painful palpation, swelling of the distal radius and visible 
deformation and painful palpation (Appendix 3). We found no evidence of non-linearity of 
the effects of age and none of the interactions terms was statistically significant.

Table 2. Contribution of variables as predictors of the presence of a distal forearm fracture in the clinical 

decision rule

Predictor Coefficient (95% CI)

Age -0.14 (-0.22 - -0.061)

Swelling of distal radius present 1.18 (0.706 - 1.65)

Visible deformation 1.58 (0.412 - 2.745)

Bone tenderness distal radius 1.14 (0.278 - 2.004) 

Bone tenderness of anatomical snuff box -1.75 (-2.37 - -1.136)

Supination painful 0.52 (0.006 - 1.028)

Abbreviations: CI, Confidence Interval

External model validation and test characteristics
The external performance of the model was assessed in the 379 patients in the validation 
cohort. The AUC of the external validation was 0.79 (95% CI: 0.76 - 0.82) and the calibration 
slope 1.07 (95% CI: 0.82 - 1.33). After applying a threshold of 23%, the sensitivity and speci-
ficity of the Amsterdam Pediatric Wrist Rules for detecting fractures of the distal forearm in 
the validation cohort were respectively 95.9% (95% CI: 91.7% - 98.0%) and 37.3% (95% CI: 
31.0% - 44.1%) (Table 3). The Amsterdam Pediatric Wrist Rules led to an absolute reduction 
of 22% of requested radiographs. 
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emergency department. This might have introduced a selection bias. However, we expect 
that the reasons for missing patients were mostly related to emergency department crowd-
ing and not to patient characteristic. Therefore, we consider this bias minimal.

We might have introduced another type of selection bias since this study took place in only 
university hospitals and non-university teaching hospitals, and not in a non-teaching hospi-
tal. We assume that in non-teaching hospitals the referral for radiography is routinely done 
by triage nurses, while in (university) teaching hospitals the referral for radiography is usu-
ally done by physicians. Upcoming studies should reveal if the Amsterdam Pediatric Wrist 
Rules could also be applied by triage nurses. Nevertheless, we expect that the clinical signs 
and the incidence of wrist fractures in children in non-teaching hospitals do not significantly 
differ from (university) teaching hospitals and therefore we do not expect that this has sig-
nificantly influenced our results.

The final limitation of our study is that in 12.5% of the CRFs the valuable prehensile grip 
strength was not completed. In several cases, the physician wrote that this was because the 
patient was in too much pain to perform this test. However, the difference between patients 
with and without prehensile grip strength as a missing variable was small and therefore it is 
not likely that our results were influenced by the imputation of this variable. 

Three preceding studies have considered the diagnostic value of physical findings in chil-
dren with acute wrist trauma. In 1986, Rivara et al.26 retrospectively studied 116 children 
and found gross deformity and point tenderness to be the best predictors for a fracture of 
the upper extremity, with a sensitivity of 81% and a specificity of 82%. The sample size and, 
more importantly, the sensitivity of this study were much lower than in our study results. In 
2000, Pershad et al.24 performed a prospective study in 48 children and found that a 20% or 
more reduction of grip strength and distal radius point tenderness were predictive values 
for the presence of a wrist fracture. These clinical predictors had a sensitivity of 79% and a 
specificity of 63%. However, this study was also limited by a small sample size. 

A study performed in 2006 in 227 children showed that radial tenderness, focal swelling and 
abnormal supination/ pronation were associated with wrist fractures in children.25 These 
predictive variables showed a sensitivity of 99.1% and specificity of 24%. The predictive var-
iables and sensitivity of these variables were almost similar, but our specificity was higher 
and thus the potential reduction of the amount of requested radiographs in our study is 
higher (22% vs. 13%). 

None of the decision rules is externally validated, which is recommended.45 The Amsterdam 
Pediatric Wrist Rules did undergo external validation in a study population with different 
type of hospitals and physicians. 
An upcoming implementation study will evaluate the impact of the Amsterdam Pediatric 
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it is important to prevent unnecessary radiation exposure according to the ALARA principle 
(As Low As Reasonably Achievable), especially in children.11, 36 Obtaining a US for detecting 
wrist fractures in children might also reduce radiation exposure; however, only a few studies 
have been performed, all with small study groups.36, 37 Moreover, it is unclear if the use of 
sonography leads to a reduction in health care costs. 

After applying the Amsterdam Pediatric Wrist Rules in seven patients (4.3%), a fracture 
would have been missed. The missed fractures consisted of six buckle fractures of the distal 
radius and one non-displaced distal radius fracture with a buckle component without dis-
placement. According to literature and an expert panel consisting of two pediatric surgeons, 
one trauma surgeon and one orthopedic surgeon, none of these fractures needed closed 
reduction or operative treatment, but would have been treated with a splint.38-40 This type of 
treatment is identical to treatment for children without a fracture who are diagnosed with 
a contusion or sprain of the wrist. We also expect that in children in a lot of pain, physicians 
are more likely to give a cast for pain regulation. Therefore, we consider that the treatment 
and prognosis would not have been influenced by a missed or delayed diagnosis.41 More-
over, in children with stable buckle fractures, it is known that subacute treatment does no 
lead to adverse clinical outcomes.42 However, a follow-up evaluation by telephone, or the 
advice to contact the hospital if symptoms remain after 1 week, can be considered for pa-
tients who did not initially require a radiograph, according to the Amsterdam Pediatric Wrist 
Rules. 

Because physicians were not obligated to refer patients for radiography, in 12 patients no 
radiograph of the wrist was obtained. These patients were not included in the study, but 
none of these 12 children returned to the hospital for persisting complaints in the following 
4 weeks.

A limitation of the Amsterdam Pediatric Wrist Rules is its specificity of 37.3%. We could 
have generated a higher specificity by using another threshold, but this would have led to 
a decrease in the sensitivity and thus an increase of missed fractures. In accordance with 
Maguire et al.43, we judged it would not be applicable since it misses >5% of fractures in 
children. Since we aimed to reduce the number of requested wrist radiographs, a thresh-
old compromise between missed fractures and reduction of radiographs was chosen.33, 44 

According to the literature, we determined that about three avoided radiographs outweigh 
one missed fracture and therefore we used a threshold value of 23.0% (1/25) for the pre-
dicted probability.33 The sensitivity prediction rule was 96%. Adding anamnestic variables to 
the model could possibly strengthen our prediction rule and result in a higher sensitivity. 
However, since children are not always capable or trustworthy of telling what type of trau-
ma occurred, we did not take clinical history variables into account.

Another limitation is that some patients with wrist pain were missed due to crowding in the 
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Fig. 2 Screenshot of the smartphone applicati on of the decision model used for the implementati on study 

(built by ©Applicati onbuilders, Amstelveen, The Netherlands)

Wrist Rules on the number of radiographs, emergency department waiti ng ti mes and health 
care costs. The formula  to predict the probability of a fracture (Table 4) will be made availa-
ble in a smartphone applicati on (Fig. 2). This applicati on will give physicians a recommenda-
ti on if radiography is recommended according to the probability of a distal forearm fracture.

Table 4. Linear predictors and probability

Linear predictora

-0.185* age (per year) + 1.144 * (if swelling of distal radius present) + 1.56 *(if visible defor-
mati on present) + 1.183* (if bone tenderness of distal radius present) + -1.424* (if bone 
tenderness of anatomical snuff  box present) + 0.356 *(if supinati on painful) + 0.466
Probability of a fracture based on fi nal model
1/ (1+EXP(-Linear Predictor))

aCoeffi  cients were derived from a fi t of the model on both cohorts combined ( n=787)

All individual parameters add to the probability of a fracture.

CONCLUSION
The derived clinical decision model (Amsterdam Pediatric Wrist Rules) may be used as a 
tool for physicians in the emergency department in deciding if referral for radiography in 
children aft er acute wrist trauma is necessary. Applying the model, 7/170 fractures (4.1%, 
95% CI: 1.7% - 8.3%) were missed in an external validati on study.

Fig. 1 Flowchart demonstrates pati ent selecti on and outcomes

Eligible pati ents 
n = 897

Included in analysis
n=787 (87.6%)

Excluded n=110 (12,2%)
- No X-ray: n=12 (1.3%)
- CRF fi lled in by nurse/med student: n=58 (6.4%)
- X-ray requested previous to assessment: n=12 (1.3%)
- Insuffi  cient details to identi fy pati ent: n=14 (1.6%)
- Injury > 72h prevoiusly: n=4 (0.4%)
- Other: n=10 (1.1%)

No distal forearm fracture
n=423 (53.7%)

Distal forearm fracture
n=364 (46.3%)
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INTRODUCTION
Unstable distal radius fractures are the subject of numerous studies. However, a prereq-
uisite for implementing the findings of these studies is the generalizability of the results. 
Generalizability is the degree to which the findings in the study population can be applied 
to another, future population of patients.1,2 Studies that focus on the treatment of unstable 
distal radius fractures should therefore clearly describe what their authors regard as an un-
stable fracture.

However, instability is in the eye of the beholder and therefore a situation that is difficult 
to capture in a definition. It is often quoted that a fracture of the distal radius is considered 
to be unstable if it is unable to resist displacement once it has been anatomically reduced. 
There are various radiological and clinical criteria that would predispose distal radius frac-
tures to instability, but it remains a subjective assessment. Nevertheless, clinical studies re-
quire established inclusion criteria and consequently a clear definition of an unstable distal 
radius fracture. 

The absence of this definition or variability in definitions hampers apparent comparison of 
studies. Standardization or agreement on a definition for an unstable distal radius fracture 
would facilitate combining study outcomes in meta-analyses and contribute to a higher level 
of evidence. Therefore, we sought to examine (1) in what percentage of studies involving 
patients with unstable distal radius fractures the authors defined what they considered an 
unstable distal radius fracture; (2) what the most commonly mentioned descriptions of an 
unstable distal radius fracture in any type of study were; and (3) whether there was one 
preferred definition to recommend to future authors.

METHODS
The present study was reported according to the PRISMA guidelines (Preferred Reporting 
Items for Systematic reviews and Meta-Analyses).3 A review protocol was drafted and regis-
tered on PROSPERO with number CRD42014011840. 

Data Sources   
Two reviewers (MMJW) and (LMV) independently conducted a search of the Medline, EM-
BASE and Cochrane Central Register of Controlled trials databases on November 24, 2013 
for any type of study in which the term unstable distal radius fracture occurred (see appen-
dix for the detailed search strings). In order not to miss recently published literature, the use 
of Medical Subject Heading (MESH) terms was avoided. The complete search strategy is de-
picted in the supplementary files. The bibliographies of all articles included were reviewed 
for additional articles of interest.

Eligibility Criteria and Study Selection 
Two reviewers independently reviewed all titles and abstracts for relevance. If title and ab-

ABSTRACT

Background
Unstable distal radius fractures are a popular research subject. However, to appreciate the 
findings of studies that enrolled patients with unstable distal radius fractures, it should be 
clear how the authors defined an unstable distal radius fracture.

Questions
In what percentage of studies involving patients with unstable distal radius fractures did the 
authors define unstable distal radius fracture?  What are the most common descriptions of 
an unstable distal radius fracture? And is there one preferred evidence-based definition for 
future authors?

Methods
A systematic search of literature was performed to identify any type of study with the term 
unstable distal radius fracture. We assessed whether a definition was provided and deter-
mined the level of evidence for the most common definitions. 

Results
The search yielded 2489 citations of which 479 were included. In 149 studies, it was explic-
itly stated that patients with unstable distal radius fractures were enrolled. In 54% (81/149) 
of these studies, the authors defined an unstable distal radius fracture. Overall, we found 
143 different definitions. The seven most common definitions were: displacement following 
adequate reduction; Lafontaine’s definition; irreducibility; an AO type C2 fracture; a volarly 
displaced fracture; Poigenfürst’s criteria and Cooney’s criteria. Only Lafontaine’s definition 
originated from a clinical study (level IIIb). 

Conclusion
In only half of the studies involving patients with an unstable distal radius fracture, did the 
authors define what they considered an unstable distal radius fracture. None of the defini-
tions stood out as the preferred choice. A general consensus definition could help to stand-
ardize future research.
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Databases: Medline, EMBASE and Cochrane Register of Controlled Trials Date: 
November 24, 2013

Records identified through 
Medline search: 

N = 917

Records identified through 
EMBASE search: 

N = 1439

N = 1471 for review

Eligible patients n=897N = 541 Full text articles 
assessed for eligibility

N = 437 Total retained 
studies

Included N = 479

Studies retrieved from 
references N = 42

Records identified through 
Cochrane search: 

N = 133

Duplicates N= 1018

Excluded based on Title and 
Abstract  N = 930
(DRUJ instability, carpal inta-
bility, vasomotor instability or 
completely diferent subject) 

Excluded: N = 104
(DRUJ instability, carpal inta-
bility, vasomotor instability, 
different language or com-
pletely different subject and 
conference abstracts) 
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Figure 1. PRISMA flowchart
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stract did not provide sufficient information, full text was examined. All articles with the 
term unstable or instability in combination with distal radius/radial fracture were included. 
Publication language was restricted to English, German or Dutch. Studies were excluded 
if (1) they regarded paediatric patients; (2) they used the term unstable or instability in 
relation with carpal instability or the Distal Radioulnar Joint (DRUJ); (3) it was not clear to 
what the term unstable or instability referred; and (4) they regarded conference abstracts. 
Disagreement was resolved by discussion between the two reviewers.

Data Extraction
Two reviewers extracted data independently from eligible studies using a data collection 
form. Items included general information (authors, year, journal), study type and number of 
subjects. Additionally, they determined whether unstable distal radius fracture was used as 
an inclusion criterion. Subsequently, the reviewers evaluated whether a clear definition of 
fracture instability was described in the methods section or elsewhere in the paper. Defini-
tions were documented word for word. 

We regarded the following description as a definition: 1) radiologic criteria or patients char-
acteristics; 2) fracture types; 3) fracture classifications. We did not consider statements that 
denoted a possibility of fracture instability a definition (for example: intra-articular fractures 
are sometimes unstable). 

Data Synthesis and Quality Assessment 
The primary outcome was the percentage of clinical studies involving patients with unsta-
ble distal radius fractures in which the authors defined what they considered an unstable 
distal radius fracture. We regarded randomised controlled trials; cohort; case-control and 
case series as clinical studies. Secondary outcomes included the most frequently mentioned 
description of an unstable distal radius fracture in any type of study (including systematic 
reviews, current concepts and cadaver studies) and the available evidence for these descrip-
tions or definitions. 

If applicable, we procured the full text manuscripts of the study from which each definition 
or description of an unstable distal radius fracture originated. Subsequently, we evaluated 
the overall quality of the study and determined if the primary research question was to de-
fine the term unstable distal radius fracture. If this was the case, we determined the level of 
evidence using the Oxford Centre for Evidence-based Medicine Levels of Evidence (March 
2009).4

RESULTS
The initial search yielded 2489 citations of which 479 studies were included in this review 
(Figure 1, Table 1).

4
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Table 2. The most common descriptions or definitions of an unstable distal radius fracture

Ranking Definition N (%)a Total

1 Loss of position following adequate 
reduction

42 (19.7) 294

2 Lafontaine 20 (9.4) 85

3 Volarly displaced fracture (Smith’s or 
reversed Barton)

12 (5.6) 379

4 Irreducible fracture 11 (5.2)

5 AO type C2 10 (4.7)

6 Poigenfürst 9 (4.2)

7 Cooney 9 (4.2)

a. percentage of total studies with definition (N=213)

The third most common description was a volarly displaced fracture (Smith or volar Barton 
fracture) that was defined as an inherently unstable fracture in 6% of the studies.27,49-59 This 
was followed by an irreducible fracture in 5% (11/213) of the studies.10,33,40,42,43,60-65

The most frequently used classification system to describe an unstable distal radius fracture 
was the AO classification (8%, 18/213).23,66-82 An AO type C2 was the fifth most commonly 
mentioned description used to define an unstable distal radius fracture (5%, 10/213).66,67,70-

74,79,81,82

In 4% (9/213) of the studies, the description according to Poigenfürst (radioulnar separation; 
the presence of dorsal comminution and an associated ulnar fracture) was used.49,83-90 An 
equal number of studies (4%, 9/213) mentioned the definition of an unstable distal radius 
fracture according to Cooney (severe comminution; intra-articular components and severe 
displacement defined as >20° dorsal angulation and > 10 mm of radial shortening).27,42,44,91-96 
All other type of descriptions were mentioned in only three studies (1%) or less.
  
Is there one preferred definition to recommend to future authors?
Where possible, we verified the origin of the most common definitions and procured the 
full text manuscripts of the original studies. Four definitions did not originate from any study 
but were stated as expert opinions (loss of position, volar displacement, irreducibility and 
AO type C2 fractures). Poigenfuerst’s definition was proposed in 1980 in a narrative article 
as an expert opinion90 According to Poigenfürst, the presence of an associated ulnar styloid 
fracture resulting in a rupture of the ulnar ligaments from the carpal bones, would permit 
further shift of the distal fracture fragment and therefore constitute fracture instability.90,97 
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Table 1. Type of studies included (N=479)

                                                             N (%)

Meta-analysis 5 (1.0)

Systematic Review 10 (2.1)

Randomised controlled trial 45 (9.4)

Cohort study 224 (46.8)

Case-control 2 (0.4)

Case series 33 (6.9)

Case report 6 (1.3)

Surgical technique 23 (4.8)

Cadaver study 36 (7.5)

Biomechanical study 9 (1.9)

Current concepts/ nonsystematic review 73 (15.2)

Letter to the editor 6 (1.3)

Editorial 3 (0.6)

Othera 4 (0.8)

a. guideline (N=1), decision analytic model (N=1), translation (N=1) and interobserver study (N=1)

In what percentage of clinical studies involving patients with unstable distal radius fractures 
did the authors define the term?
There were 254 clinical studies and in 149 studies (59%) the authors explicitly stated that 
they enrolled patients with an unstable distal radius fracture. In 54% (81/149) of these stud-
ies, the authors defined what they considered an unstable distal radius fracture.

What were the most commonly mentioned descriptions of an unstable distal radius fracture 
in any type of study?
Overall, 213 of the 479 studies (45%) provided one or more descriptions of an unstable dis-
tal radius fracture. In total, we found 143 different descriptions. There were seven descrip-
tions that were used most frequently to define an unstable distal radius fracture. The most 
commonly mentioned description was a situation in which displacement or loss of position 
following anatomical closed reduction had occurred (20%, 42/213, Table 2).5-46 The second 
most common description that was mentioned was the definition proposed by Lafontaine et 
al. (9%, 20/213).47 According to this definition, a distal radius fracture is unstable if three or 
more of the following factors are present: dorsal angulation exceeding 20°; dorsal comminu-
tion; intra-articular radiocarpal fracture; associated ulnar fracture and age over 60 years.48   
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intra-articular radiocarpal fracture; associated ulnar fracture and age over 60 years.48 Based 
on the Oxford Centre for Evidence-based Medicine Levels of Evidence, this study is a lev-
el 3b (non-consecutive retrospective cohort study without consistently applied reference 
standards). 

DISCUSSION
In clinical studies, specification of the inclusion criteria for enrolment is paramount. These 
criteria are used to define the study population and therefore reflect if the findings in this 
population are generalizable to other future patients. Some criteria however, such as an 
unstable distal radius fracture, can be hard to capture in a definition. 

The term unstable distal radius fracture describes a situation in which the distal radius 
fracture has an intrinsic potential for secondary displacement.98 It is an assessment of the 
probability that a fracture will lose its position and therefore it is highly subjective. How-
ever, regardless of its subjectivity, a standardized or universally accepted definition for an 
unstable distal radius fracture could have several benefits. It would increase awareness of 
the importance of specification of inclusion criteria among authors, help authors to write 
their study protocols and facilitate combining study outcomes in meta-analyses. Conversely, 
there might not exist a universal definition that all experts in the field agree upon. Moreo-
ver, defining what constitutes an unstable distal radius fracture could impact clinical practice 
and surgical decision-making. Nevertheless, for the sake of standardization in research we 
sought to examine (1) in what percentage of clinical studies involving patients with unstable 
distal radius fractures the authors defined what they considered an unstable distal radius 
fracture; (2) what the most commonly mentioned descriptions of an unstable distal radius 
fracture were in any type of study; and (3) whether any of these descriptions was the pre-
ferred definition that can recommend to future authors.

We found that in only 54% of the clinical studies that explicitly stated that they enrolled 
patients with an unstable distal radius fracture, did the authors define what they considered 
an unstable distal radius fracture.

Our search in any type of article resulted in 143 different descriptions of an unstable distal 
radius fracture. There were seven descriptions that were used most frequently to define an 
unstable distal radius fracture: (1) displacement of the fracture following anatomical reduc-
tion; (2) Lafontaine’s; (3) an irreducible fracture; (4) an AO type C2 fracture; (5) a fracture 
with volar dislocation; (6) Poigenfürst’s definition and; (7) Cooney’s definition. 

The most obvious description was secondary displacement after adequate closed reduction. 
The occurrence of secondary displacement is what constitutes an unstable fracture and is 
a clear definition.
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Cooney’s definition was first used in 1979 when Cooney et al. performed a cohort study in 
which 130 patients were treated with an external fixator.44 They included patients with an 
unstable distal radius fracture and defined unstable as: “the inability to maintain satisfac-
tory fracture alignment at the time of reduction or in the presence of severe comminution; 
intra-articular components and severe displacement defined as >20° dorsal angulation and 
> 10 mm of radial shortening”. No reference or explanation as to the choice of these criteria 
was provided and therefore this definition is an expert opinion (Table 3).

Table 3. Level of evidence for the most commonly used definitions 

Year Definition Level of evidencea

Secondary Displacement NA Displaced fracture following adequate reduction Expert opinion (V)

Lafontaine  47,48 1989 At least three of the following criteria: 
- dorsal angulation > 20°
- dorsal comminution
- intra-articular radiocarpal fracture
- associated ulnar fracture 
- age > 60 years

III

Volarly displaced NA - Smith fracture 
- Reversed Barton fracture

Expert opinion (V)

Irreducible NA - Irreducible fracture Expert opinion (V)

AO type C2 1990 - complete articular fractures 
- simple articular fracture
- multifragmentary metaphyseal component

Expert opinion (V)

Poigenfürst 1980 - radioulnar separation
- the presence of dorsal comminution 
- associated ulna fracture resulting in ulnar 
desinsertion

Expert opinion (V)

Cooney 44 1979 radial shortening of 10 mm
- dorsal angulation >  20°
- and/or marked comminution combined with 
intra-articular fragments

Expert opinion (V)

a. The levels of evidence for definition of unstable distal radius fracture based in original study on the Oxford 

Centre for Evidence-based Medicine Levels of Evidence (March 2009) 4

Abbreviations: NA, not applicable

Only the Lafontaine’s definition originated from a clinical study describing a retrospective 
cohort of 167 cases.47 Lafontaine et al. performed a univariate analysis for each risk factor 
and found a significant influence of each factor on the radiological outcome. They conclud-
ed that only patients with three or less instability factors had a satisfactory radiological out-
come. Accordingly, Lafontaine considered a distal radius fracture unstable if three or more 
of the following factors were present: dorsal angulation exceeding 20°; dorsal comminution; 
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The second most common description of an unstable distal radius fracture was according 
to the definition from Lafontaine. It was used in 9% of the studies,11,32,34,43,47,99-112 of which 
six studies added radial shortening exceeding 5 mm to the definition.104,107-110 The definition 
originates from a French publication on a retrospective study of 167 cases.47 In this study the 
authors conclude that only patients with three or less instability predictors had a satisfac-
tory radiological outcome. Since then, two studies have attempted to validate Lafontaine’s 
criteria.98,100 Of all five criteria, only age > 60 years was found to be predictive of fracture 
instability.100

All other definitions were expert opinions. A volarly displaced fracture for example is gen-
erally considered inherently unstable and primary operative treatment is regularly recom-
mended.113,114 However, we found no studies that assessed fracture instability in volarly dis-
placed fractures. The same is true for irreducibility that cannot be equalled to instability.115

Instability, or the inability of a fracture to resist displacement after closed reduction100, is 
often defined according to criteria regarding initial displacement such as dorsal angulation, 
shortening and the presence of dorsal comminution. The definition is in fact an assessment 
of the probability that a fracture will redisplace. Predictors of redisplacement have been 
studied extensively and several scoring systems to calculate the probability of instability 
based on initial presentation and injury films exist.48,98,116,117 The largest study to investigate 
predictors of instability was performed by Mackenney et al. who examined 1595 patients. 
They identified several significant risk factors for fracture instability with displaced fractures 
and found that age, the presence of any type of comminution and a positive ulnar variance 
compared to the uninjured radius were significant predictors of early (<2 weeks) instabil-
ity.113 Other studies found that age >60 years; initial shortening and dorsal angulation ex-
ceeding 20° are significant predictors of redisplacement.32,82,117-120 Surprisingly, more than 
half the definitions were not based on any of these predictors.

This systematic review is limited by the quality of the articles included and the subjectivity 
of the reviewers. The exclusion of the literature not in English, Dutch or German also intro-
duces a source of bias. Determining the level of evidence for a definition was a subjective 
endeavour. Most definitions did not originate from any study and were therefore not suited 
to establish any level of evidence for. We have attempted to reduce subjectivity as much as 
possible by discussing any doubts or disagreements between reviewers. Nevertheless, we 
have demonstrated that there is little evidence for definitions that are most frequently used. 

CONCLUSION AND RECOMMENDATION
In only half of the studies that explicitly stated to have enrolled patients with an unstable 
distal radius fracture, did the authors define what they considered an unstable distal radius 
fracture. There is an enormous variety of different descriptions of an unstable distal radi-
us fracture circulating in the literature. Unfortunately, none of the descriptions we found 

stands out as the preferred definition to be used in future studies. For the sake of gener-
alizability, we would like to urge future authors to clearly describe what they regard as an 
unstable distal radius fracture. We propose that the definition of an unstable distal radius 
fracture includes the predictors that are known to increase the probability of displacement 
such as comminution, initial shortening and age > 60 years. Further attempts to arrive upon 
a universally accepted consensus definition could possibly help to standardize distal radius 
fracture research. 
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VARIATION IN THE SURGICAL TREATMENT RATES OF DISTAL RADIUS FRACTURES 

INTRODUCTION
While the evidence remains inconclusive, the optimum treatment for most patients with 
distal radius fractures is still a matter of debate.1 Patient age, fracture pattern, displacement 
and alleged fracture instability are considered crucial to guide treatment.2,3 However, in the 
absence of recommendations substantiated by evidence in current guidelines, the choice 
of treatment is likely based on factors such as the availability of resources, surgeon density, 
socioeconomic circumstances and surgeon’s preference. The latter of these, surgeon’s pref-
erences in turn vary according to surgeon’s age and background.4-7 All these factors likely 
result in regional variations in the treatment of patients with distal radius fractures.

Considerable variations in medical practice have already been documented for a number of 
elective procedures such as tonsillectomy, hip replacement and prostatectomy.8 Variation 
in healthcare practices can arise from three general factors: chance alone, patient-related 
factors and provider-related factors Generally, some variation is warranted if it is attributa-
ble to patient-related factors that affect the need for surgery. Such factors include variations 
in regional incidence of diseases that demands surgical treatment, regional differences in 
patients’ willingness to undergo surgical intervention and the presence of specialized re-
ferral centers.8,9 Differences in patient-related factors are also known as the case-mix of a 
treatment center. 

However, surgical variation can also be caused by provider-related (or care-related) factors. 
Primarily, physician’s local culture of beliefs and preferences about appropriateness of sur-
gery; the extent to which physicians include patients in treatment decisions; and broader 
factors such as regional diffusion of developments in surgical care.8,9 Variation based on 
these factors is unwarranted and suggests potential to improve cost-effectiveness by reduc-
ing provision of unnecessary surgery.

Nevertheless, variation cannot be regarded as strictly unwarranted if there is no clear opti-
mum treatment. While we await the results of several randomized clinical trials to delineate 
the optimum treatment for distal radius fractures 10,11, the first step in addressing potentially 
unwarranted variation is insight into the extent in which variation across practices exists. 

Only one previous study described such variation across regions or practices concerning 
distal radius fractures. In this study, the authors assessed the regional variation in treatment 
of distal radius fractures in the United States.12 They studied a sample of Medicare claims 
and found a significant variation that was mainly driven by age and region. However, varia-
tion in the surgical treatment rate of distal radius fractures has never been investigated in a 
European setting. We hypothesized that, although the Dutch health care system is different 
from the health care system in United States and basic health insurance is mandatory, there 
would still be a considerable variation in practice. Hence, the aim of this study was to exam-
ine the variation in surgical treatment rates across all Dutch hospitals. 
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ABSTRACT

Purpose
Variations in medical practice have already been documented for a number of elective pro-
cedures. Generally, this variation is warranted if it is attributable to patient-related factors 
and unwarranted if it is attributable to factors such as physician’s local beliefs and prefer-
ences. Because the evidence for the optimum treatment for patients with distal radius frac-
tures remains inconclusive, we hypothesized that there would be a considerable variation in 
treatment. The aim of this study was to examine the variation in surgical treatment rates of 
patients with distal radius fractures across Dutch hospitals. 

Methods
We obtained all reimbursement data for the treatment of distal radius fractures for 2012 
and 2013 categorized by hospital. The surgical rate across hospitals was corrected for possi-
ble explanatory variables using linear regression analyses. 

Results
We analyzed a total of 95,754 reimbursements. The operative rate ranged from 0% to 23%, 
with a mean of 9.6%. Hospital type, the percentage of females, the percentage of patients 
over 65, the mean age, average socioeconomic status and the total number of patients 
treated explained only 2.6% of the observed differences in the operative rate among hospi-
tals in 2012 and 11.6% in 2013. 

Conclusions
There is considerable and possibly unwarranted variation in the treatment of patients with 
distal radius fractures across the Netherlands that cannot be explained by hospital type and 
characteristics of the patient population. Our results suggest that non-scientific influences, 
such as surgeon’s local beliefs and preferences, prevail and drive therapeutic decisions in 
patients with distal radius fractures. 
Clinical relevance: the results of our study illustrate the arbitrariness of the treatment of 
distal radius fractures and should make surgeons critically evaluate their current practices. 



98

el the relationship between the surgical treatment rate and possible explanatory variables 
(hospital type, percentage of females, percentage of patients over 65, mean age, mean so-
cioeconomic status and total number of patients). A value of p < 0.05 was considered signif-
icant in the linear regression analyses.

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

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

Figure 1. Operative rates per hospital for 2012

Figure 2. Operative rates per hospital for 2013
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METHODS
We obtained data from the national insurance database on healthcare for the calendar years 
2012 and 2013 that covers 100% of the Dutch population. This database is managed by a 
third party (Vektis, Zeist, The Netherlands) and contains reimbursement data of all medical 
treatments paid for by Dutch insurance companies. Almost 99% of Dutch inhabitants have 
private health care insurance (http://statline.cbs.nl/Statweb/?LA=en), which pays for treat-
ment of a distal radius fracture. Reimbursement of hospital care is exclusively claimed using 
the Diagnosis Treatment Combinations Codes (Diagnose Behandeling Code [DBC]). 

These codes are recorded by physicians for reimbursement purposes, similar to the inter-
nationally Disease Related Group (DRG) system. Each DBC code contains information about 
the diagnosis, the type of treatment and the physician. DBC codes for distal radius fractures 
differentiate between conservative treatment and surgical treatment. The billing for a con-
servatively (non-operatively) treated distal radius fracture is €506 and €6073 for a surgically 
treated distal radius fracture.

Our database comprised the following data arranged by each Dutch hospital: the number 
of patients treated conservatively, the number of patients treated surgically, the percent-
age of female patients, the percentage of patients over 65, the mean age and the mean 
socioeconomic status (SES). In the Netherlands, most patients with fractures are treated by 
trauma surgeons with a general surgery background. Only a small percentage is treated by 
orthopaedic surgeons. 

Data was provided as aggregate data arranged by hospital. There are four types of hospital 
in the Netherlands: (1) university hospitals; (2) tertiary teaching hospitals that provide both 
basic and highly specialized care and train doctors in collaboration with university hospitals; 
(3) general hospitals that provide non-specialized care; and (4) independent single-specialty 
treatment centers for specialist care.
Socioeconomic status was based on patients’ residential postal codes, which were correlat-
ed to data from 2010 from the Netherlands Institute for Social Research. For a small per-
centage of DBCs (<0.1%), no patient characteristics were available. These DBSs were equally 
distributed across all hospitals. 

For the purpose of our analyses, we assumed that the number of procedures (both conserv-
ative and surgical treatment) equaled the number of patients. This assumption does not ac-
count for patients with bilateral fractures, however from experience we expect this number 
to be negligible and estimate that it is not more than 50 patients each year. 13 

Continuous variables were reported as mean with standard deviation (SD). We calculat-
ed Pearson’s correlation coefficients to determine the correlation between the number of 
patients treated operatively in 2012 and 2013. We used linear regression analyses to mod-

PART 2



100 101

Regression analysis showed that hospital type, the percentage of females, the percentage 
of patients over 65, the mean age, the mean socioeconomic status and the total number 
of patients explained 2.6% of the differences in the operative rate among hospitals in 2012, 
and 11.6% in 2013 (adjusted R squared = 0.026 and 0.116). Except for the mean age in 2013, 
none of these variables was independently related to the operative rate (Table 2). 

Table 2. Results of multiple linear regression analysis

Year 2012 2013

B p-value B p-value

University hospital 0.008 0.686 0.016 0.345

Tertiary teaching hospital 0.009 0.382 -0.003 0.776

Percentage of females -0.014 0.896 -0.181 0.183

Percentage of patients >65 -0.087 0.528 -0.270 0.140

Mean age 0.004 0.089 0.005 0.022

Mean SES 0.007 0.391 -0.004 0.582

Total number of patients 0.000 0.935 0.000 0.616

Statistically significant p-values are printed in bold.

Abbreviations: SES, Socioeconomic Status

DISCUSSION
There is a considerable variation in the treatment of patients with distal radius fractures 
across the country with operative rates varying from 0% to as much as 23%. The high corre-
lation between operative rates in 2012 and 2013 indicates a consistent pattern of variation 
over the years. These differences could not be explained by the hospital type, the percent-
age of females, the percentage of patients over 65 years of age, the mean age, the mean 
socioeconomic status or the total number of patients in each hospital. In fact, there was not 
a single variable that was significantly associated with the operative rate. Only the mean 
age of the patients had a small significant influence on the operative rate in 2013 (B = 0.005, 
p-value = 0.022). Adjusted for the other factors, an increase in average age of the population 
of one year, results in an average increase in operative rate of 0.5%. However this relation-
ship was not significant for 2012. 

These results might suggest that the choice for operative treatment of patients with distal 
radius fractures is not completely attributable to patient-related factors, but also to care-re-
lated factors such as the surgeon’s beliefs and preferences. Previous studies have already 
indicated that younger surgeons are more likely to perform open reduction and internal 
fixation (ORIF) of distal radius fractures in patients over 65 years of age compared to older 
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Table 1. Demographic overview (N = 95,754)

Year 2012 2013 Correlationa

Percentage of operative treatments (range) 9.6 (2.4 - 21.3) 9.6 (0 - 22.7) 0.65 (p<0.001)

Percentage of females (range) 61.6 (48.7 - 72.3) 61.1 (50.0 - 73.9) 0.46 (p<0.001)

Percentage of patients >65 (range) 23.8 (4.0 - 37.5) 26.4 (17.2 - 38.7) 0.55 (p<0.001)

Mean age (range) 38.3 (30.2 - 52.3) 38.5 (30.9 - 55.1) 0.70 (p<0.001)

Mean SES (range) 0.05 (-1.3 - 1.4) 0.03 (-1.5 - 1.4) 0.94 (p<0.001)

Abbreviations: SES, Socioeconomic Status

aPearson’s correlation coefficient and p-value between brackets

The number of operations in 2012 and 2013 were positively correlated (Pearson’s correla-
tion coefficient: 0.81, p < 0.001), indicating a consistent pattern over the years. The same 
was true for number of patients treated conservatively over these two years (Pearson’s cor-
relation coefficient: 0.88, p < 0.001). 

The 90 hospitals in the Netherlands included in this study comprised eight university hos-
pitals, 53 general hospitals, 28 tertiary teaching hospitals and one independent treatment 
center. The operative rate was highest in the university hospitals (Figure 3).

Figure 3. Mean of the operative rates per hospital type
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are not commonly referred to specialized centers but treated locally in the nearest hospital. 
This is also evident from our data that shows that all hospitals, including highly specialized 
university hospitals, treat patients with distal radius fractures. This renders patients with 
distal radius fractures a valid population for a variation in treatment study.  
Considering the €5500 difference in billings between conservative treatment and surgical 
treatment, and assuming that conservative treatment prevails in the majority of the cases, 
there is a substantial potential to reduce costs. If we regard an operative rate of 10% appro-
priate (around the mean that we observed in 2013), the annual savings from one hospital 
with a rate of 15% and a volume of 600 patients can be as high as €165,000 (0.05 * 600 * 
€5500). On a national scale, this figure could run into millions of Euros cost savings each 
year. Conversely, the low operative rates found in some hospitals could also be an indication 
of suboptimal treatment of patients with distal radius fractures. A hospital that has an op-
erative rate of only 5% might achieve worse functional results than a hospital with a higher 
rate. 

Our database provided a comprehensive overview of al reimbursements of distal radius 
fractures in the Netherlands. It also showed that there is considerable variation in the treat-
ment of distal radius fractures among hospitals. Although these findings might not be sur-
prising, they are alarming. The variation across the country reflects a lack of evidence and 
suggests that non-scientific influences, such as surgeon’s age, background and local culture, 
prevail and drive therapeutic decisions.

We do not know what is the appropriate rate of operative treatment of distal radial fractures, 
and without detailed knowledge on each individual patient it is impossible to comment on 
the appropriateness. Even more so because we did not investigate patients’ experiences 
with the provided care, Patient Reported Outcomes or other functional outcomes. Never-
theless, the variation that we observed suggests the potential for an increase in quality and 
appropriateness of care for patients with distal radius fractures. It also supports the notion 
that we require well-designed randomized studies to delineate the optimum treatment for 
patients with distal radius fractures. 
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surgeons.5-7 The surgeon’s background also plays a role: orthopedic surgeons are significant-
ly more likely to use ORIF than hand surgeons. 4 Given the lack of evidence supporting the 
appropriate treatment option for most patients with distal radius fractures, these findings 
are not surprising. After all, in absence of an optimum treatment, a surgeon’s preference 
(ideally in a shared decision making process with the patient) is decisive. 

Another possible explanation for differences in operative rates is the high variability in frac-
ture patterns.14 Every patient is unique and every fracture is different, thus requiring a pa-
tient-tailored treatment. The higher operative rate found in university hospitals might be 
explained by a larger percentage of multitrauma patients who sustained high energy trauma 
resulting in comminuted fractures. Nevertheless, besides this, if the patient populations 
were similar one would not expect major differences in distribution of fracture types among 
hospitals. When we accounted for differences in patient population this only explained a 
very small percentage of the variation among hospitals. 

This study has several limitations. The use of reimbursement data is limited by the depth of 
the data. Ideally we would have considered other case mix factors that might influence the 
type of treatment such as injury mechanism, fracture pattern, hand dominance, functional 
status of the patient and occupation. Unfortunately this data is not centrally registered, nor 
is it possible to receive individual patient data due to confidentially issues. Therefore aggre-
gated data per hospital was provided. We attempted to correct for individual differences by 
accounting for the percentage of females and the percentage of patients over 65 years of 
age in each hospital. Nevertheless, we do not expect that correcting for individual factors at 
hospital level would greatly reduce the practice style variation we observed.

Another limitation of the data is that the reimbursement codes do not differentiate between 
external fixation and ORIF. In our experience, external fixation is performed infrequently and 
surgeons prefer ORIF.15,16 Nevertheless, we were unable to examine any difference in the 
rates of external fixation among hospitals.

Although our results only regard the situation in the Netherlands, variation in surgery rates 
within countries appear to be similar across national boundaries.8 A previous study by Fa-
nuele et al. already showed a significant regional variation in the treatment of distal radius 
fractures in the United States.12 They concluded that the type of treatment depended most-
ly on the patient’s age and address. We also found a substantial variation among hospital 
services areas, however, the patient’s age showed to be of minor importance.

Variation in treatment is not just restricted to distal radius fractures. Considerable variations 
in medical practice have previously been identified for a number of elective procedures such 
as tonsillectomy, hip replacement and prostatectomy.8,17 Some of this regional variation 
might be due to the presence of specialized referral centers. However, distal radius fractures 
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VOLAR LOCKING PLATE VERSUS EXTERNAL FIXATION

INTRODUCTION
Fractures of the distal radius are common and account for an estimated 17% of all fractures 
diagnosed.1,2 Two-thirds of these fractures are displaced and require reduction.3 Several 
treatment modalities have been advocated, and decision-making is mainly based on frac-
ture type.4,5

One possible surgical treatment method is bridging external fixation. This technique relies 
on ligamentotaxis to obtain and maintain fracture alignment.6 However, since the introduc-
tion of locking plates, open reduction and internal fixation (ORIF) has become increasingly 
popular in surgical reduction.7 This technique provides immediate stable fixation that allows 
early mobilization5,8 and may result in a more rapid recovery and improved regain of func-
tion.9 Conversely, bridging external fixation augmented (with or without additional Kirsch-
ner wires) is a less demanding, less invasive and faster procedure. Excellent results have 
been described for both techniques.10-15 However, no conclusive evidence has been pub-
lished favoring ORIF with a volar locking plate over bridging external fixation or vice versa.16

Margaliot et al.11 conducted a meta-analysis of studies published between 1980 and 2004 
on external and internal fixation of distal radial fractures. They concluded there was not 
sufficient evidence to support the use of ORIF over external fixation. However, outcome 
data from a large variety of different techniques of internal fixation were pooled. Studies on 
both locking and nonlocking implants were included resulting in considerable heterogeneity 
across studies.11 More recently, Wei et al.17 performed a similar meta-analysis comparing 
functional outcome at 1 year in patients with unstable distal radius fractures. The authors 
pooled data from 12 randomized and nonrandomized trials on seven different techniques 
of internal fixation. A secondary subgroup analysis of four studies for volar locking plates 
revealed a significant difference on the disabilities of the arm shoulder and hand (DASH) 
score in favor of this technique. Unfortunately, exact DASH scores could not be reported, 
and therefore, clinical relevance of these differences is difficult to evaluate.18 Moreover, this 
analysis included one retrospective study19 and one trial that compared volar locking plates 
with closed reduction and percutaneous pinning.20 The authors emphasized that their re-
sults were tempered by a substantial heterogeneity present across studies.17 However, their 
significant findings justify further examination regarding the benefits of volar locking plates. 

Recent studies on ORIF with volar locking plate have described most benefit in the early 
postoperative period.21,22 In addition to improved functional results at 1 year, a more rapid 
recovery is of clinical interest as well. Therefore, the primary aim of this meta-analysis was 
to compare bridging external fixation with volar locked plating in patients with unstable 
distal radius fractures, regarding functional outcome as measured on the DASH score, at 3, 
6 and 12 months follow-up. The secondary aim was to compare grip strength, flexion and 
extension and radiological parameters at 1 year follow-up. 

6
ABSTRACT 

The aim of this study was to compare bridging external fixation with volar locked plating in 
patients witht unstable distal radial fractures regarding functional outcome. A systematic 
search was performed in the Cochrane Central Register of Controlled Trials, Medline and 
EMBASE. All randomized controlled trials that compared bridging external fixation direct-
ly with volar locked plating in patients with distal radial fractures were considered. Three 
reviewers extracted data independently from eligible studies using a data collection form. 
Studies in which the primary endpoint was measured on the disabilities of the arm shoulder 
and hand (DASH) score at 3, 6 and 12 months were included in the analysis. To this end, 
mean scores and standard deviations were extracted. The software package Revman 5 pro-
vided by the Cochrane Collaboration was used for data analysis. Three studies involving 174 
patients were analyzed. Ninety patients were treated with an (augmented) bridging external 
fixator and 84 with a volar locking plate. Data were analyzed with the random effects mod-
el. The robustness of the results was explored using a sensitivity analysis. Patients treated 
with a volar locking plate showed significantly lower DASH scores at all times. A difference 
of 16 (p = 0.006), six (p = 0.008) and eight points (p = 0.06) was found at 3, 6 and 12 months 
follow-up, respectively. Patients treated with a volar locking plate showed significantly bet-
ter functional outcome throughout the entire follow-up. However, this difference was only 
clinically relevant during the early postoperative period (3 months)
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Table 1. Search Strategy

Medline
((((distal[Title/Abstract]) AND fracture*[Title/Abstract]) AND ((radius[Title/Abstract]) OR 
radial[Title/Abstract])) OR (((((colles’ fracture*[Title/Abstract]) OR colles fracture*[Title/
Abstract]) OR smith fracture*[Title/Abstract]) OR barton fracture*[Title/Abstract]) OR wrist 
fracture*[Title/Abstract])) AND (((volar[Title/Abstract]) OR palmar[Title/Abstract]) OR palm-
er[Title/Abstract]) AND ((((external fix*[Title/Abstract]) OR fixation ext*[Title/Abstract]) OR 
fixateur ext*[Title/Abstract]) OR fixator ext*[Title/Abstract])

EMBASE
((((distal.ti,ab) AND fracture*.ti,ab) AND ((radius.ti,ab) OR radial.ti,ab)) OR (((((colles’ frac-
ture*.ti,ab) OR colles fracture*.ti,ab) OR smith fracture*.ti,ab) OR barton fracture*.ti,ab) OR 
wrist fracture*.ti,ab)) AND (((volar.ti,ab) OR palmar.ti,ab) OR palmer.ti,ab) AND ((((external 
fix*.ti,ab) OR fixation ext*.ti,ab) OR fixateur ext*.ti,ab) OR fixator ext*.ti,ab)

Cochrane Central Register of Controlled Trials
(distal:ti,ab,kw and fracture*:ti,ab,kw) AND (radius:ti,ab,kw or radial:ti,ab,kw or ‘‘Colles’ 
fracture*’’:ti,ab,kw or ‘‘Colles fracture*’’:ti,ab,kw or ‘‘Barton’s fracture’’:ti,ab,kw or smith 
fracture*:ti,ab,kw or ‘‘Smith’s fracture*’’:ti,ab,kw or wrist fracture*:ti,ab,kw) AND (‘‘vol-
ar’’:ti,ab,kw

Study selection
All titles that resulted from the search strategy described above were screened inde-
pendently by three reviewers. Publications reporting on completely different subjects were 
identified and excluded. If titles did not provide sufficient information, abstracts were ex-
amined. Cohort studies, case studies, comments and current (management) views were 
excluded. Eligibility with regard to the in- and exclusion criteria of the remaining articles was 
subsequently assessed based on full text. Disagreement was resolved by means of discus-
sion, which included a second trauma surgeon with a master in clinical epidemiology (NS).

Data extraction
Three reviewers extracted data independently from eligible studies using a data collection 
form. Items include study type, number of subjects, patient characteristics, fracture types, 
treatment method, length of follow-up and outcome measures. Means and standard devia-
tions were extracted for continuous outcomes or calculated from confidence intervals. Stud-
ies in which these values were not reported were excluded.15 If multiple treatment types 
were studied, only data regarding patients treated with bridging external fixation or ORIF 
were extracted. Risk of bias was assessed using the GRADE guidelines.25 

VOLAR LOCKING PLATE VERSUS EXTERNAL FIXATION

MATERIALS AND METHODS
The present study was reported according to the PRISMA guidelines (Preferred Reporting 
Items for Systematic reviews and Meta-Analyses).23

Eligibility criteria
All randomized clinical trials that compared (augmented) bridging external fixation with 
volar locking plates in adult patients with unstable distal radial fractures were considered. 
Publication language was restricted to English and Dutch. Studies that did not clearly define 
the patient population (unstable distal radius fracture) and thus did not the fine the indi-
cation for surgery were not included. Trials that compared different fixation techniques or 
other implants were not included either. Studies that reported functional outcome on the 
disability of arm, shoulder and hand score at 3, 6 and 12 months follow-up were included.

Types of outcome measures
The primary outcome measure of this meta-analysis was a functional outcome defined by 
the DASH score at 3, 6 and 12 months follow-up. The DASH score is a validated 30-item, 
self-report questionnaire designed to measure physical function and symptoms in patients 
with musculoskeletal disorders of the upper limb. Lower scores indicate a better functional 
outcome. The total scale score ranges from 0 (no disability) to 100 (most severe disability).24 
The secondary outcome measures of this review were as follows: grip strength measured 
as a percentage of the uninjured side, flexion and extension in degrees, and radiological pa-
rameters including radial inclination, volar tilt, ulnar variance and radial length at a minimal 
of 1 year follow-up.

Data sources
We conducted a search for three electronic databases: Cochrane Central Register of Con-
trolled Trials, Medline and EMBASE in March 2013. In order not to miss recently published 
literature, the use of MESH terms was avoided. The complete search strategy is depicted 
in Table 1. Additionally, a cross-reference check for the articles of interest was performed.
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Databases: Medline, Cochrane Register of Controlled Trials and EMBASE
Date: March 04, 2013

Records identified through 
Medline search: 

N = 146

Records identified through 
EMBASE search: 

N = 170

Screened on title and abstract 
(after duplicates removed): 

N = 197

Full text articles assessed for 
eligibility N = 21

Included N = 3

Records identified through 
Cochrane search: 

N = 42

Excluded: N = 176
No comparison between volar 
locking plate and bridging 
external fixation (N = 132)
 Different subject or study 
type (N = 44)

Excluded: N=18
Not surgical technique under 
study (N = 8)
 No DASH scores reported  
(N = 7)
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Figure 1. Flow diagram of in- and excluded studies
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Data synthesis
The software package Revman 5 provided by the Cochrane Collaboration was used for data 
analysis.26 The mean differences in DASH scores between treatment groups at 3, 6 and 12 
months were calculated with 95 percent confidence intervals. The random effects model 
was used to pool data.27 Heterogeneity was explored using the chi square test, with signifi-
cance set at p<0.1. For quantification, I2 was used with values less than 30% indicating low 
heterogeneity.28,29 

Sensitivity analysis
The stability of the results regarding the DASH scores at 3, 6 and 12 months was tested us-
ing a sensitivity analysis under different assumptions. Sensitivity analyses were performed 
based on methodological quality of the included studies and the meta-analytic model. In 
addition, the robustness of results was explored by consecutively excluding one study.

RESULTS
Literature search
The search yielded 197 results, three of which met our inclusion criteria (Fig. 1).30-32 In total, 
174 patients were included, of which 90 were treated with an (augmented) bridging exter-
nal fixator and 84 patients with a volar locking plate. 

Description of included studies 
The study characteristics are summarized in Table 2. Egol et al.31 randomized 88 patients 
with an unstable distal radial fracture to undergo either bridging external fixation (EBI, Par-
sippany, New Jersey or Stryker, Mahwah, New Jersey) and a K-wire construct or ORIF with a 
volar locking plate (Hand Innovations, Miami, Florida or Stryker). Inclusion criteria were as 
follows: loss of reduction following closed reduction and cast immobilization, open fractures 
or anticipated fracture instability. Criteria for an adequate reduction measured on conven-
tional X-rays included residual dorsal angulation of <10° and loss of radial height of <2 mm. 
Randomization was performed with a random number generator. The result was handed 
in a sealed envelope to the treating physician. Seventy-seven patients were included in the 
analysis, 38 received external fixation with supplementary K-wires and 39 a volar locking 
plate. DASH scores were reported at a follow-up of 3, 6 and 12 months.
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20 with age stratification set on 50 years. Patients were treated with a volar locking plate 
(Ko¨nigsee; Swemac, Sweden) or an external fixator (Hoffmann II Compact, Stryker). In one 
patient, additional augmentation with a K-wire was performed. DASH scores were reported 
at a follow-up of 3, 6 and 12 months.

Methodological quality 
The methodological quality of the included randomized controlled trials was moderate ac-
cording to the guidelines of the GRADE working group.25 All studies described the process 
of allocation concealment. Wei et al. randomized their patients into three study arms in two 
phases resulting in three treatment groups with unequal numbers of subjects. Patients were 
not blinded since the treatment involved a surgical procedure. Completion of follow-up at 1 
year was 78% in Wei’s study and 100% in the two other included studies. 

In the study by Wei et al., all patients were analysed based on the intention to treat princi-
ple. Egol et al. did not clearly describe crossover to other treatment arms and the type of 
analysis applied. In the study by Wilcke, one patient in the external fixator group was reop-
erated and received a supplementary volar plate. This patient was analyzed in the external 
fixator treatment arm. Power calculations were done for all three trials. 

Functional and radiological outcome 
At 3 months follow-up, there was a significant difference of 16 points in DASH score favoring 
the locking plate (95% CI: -24.52, -6.64). At 6 and 12 months, we found a significant differ-
ence of 6 (95% CI: -9.83, -2.58) and eight points (95% CI: -15.55, -0.44), respectively (Fig. 
2a-c). A significant difference in volar tilt was observed in favor of treatment with a volar 
locking plate (Fig. 3). No significant differences were demonstrated in the other secondary 
outcomes (Table 3).
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Table 2. Details of included studies

Author Study 
Design

AO classification
of included 

fractures Sample Size
Mean age

(years) Country
Year

published
DASH 

reported 
at

Fix ex Vo. Lo. 
Plate

Egol et al. RCT A, B, C 38 39 51 USA 2008 3, 6, 12 
months

Wei et al. RCT A3, C1, C2, C3 22 12 57 USA 2009 3, 6, 12 
months

Wilcke 
et al.

RCT A, C1 30 33 56 Sweden 2011 3, 6, 12 
months

Abbreviations: RCT, randomized controlled trial

Wei et al.30 randomized 46 patients with an unstable distal radius fracture to be treated with 
augmented external fixation (n = 22), a volar locking plate (n = 12) or a radial locking column 
plate (n = 12). Fractures were considered unstable if fracture fragments were redisplaced 
following closed reduction and cast immobilization, or if three of the following criteria were 
met: dorsal angulation of >20°, dorsal comminution, an intra-articular fracture, an associ-
ated ulnar  styloid fracture or age >60 years. Patients were randomized into three study 
arms in two phases. First, patients were assigned to be treated with augmented external 
or internal fixation. During a second randomization, the patients who had been assigned 
to receive internal fixation were further randomized to be treated with either a volar lock-
ing (EBI OptiLock, Parsippany, New Jersey) or a radial locking column plate. Randomization 
was done by computer-generated allocation using sealed, opaque envelopes. Only data on 
patients treated with an external fixator or with a volar locking plate were included in this 
meta-analysis. Treatment with external fixation (Hoffmann II Compact, Stryker) was aug-
mented with K-wires in all patients, additional small buttress plates (n = 2) or filling of the 
metaphyseal void with cancellous bone allograft (n = 4) as deemed appropriate by the sur-
geon. Two patients who had originally been assigned to be treated with a volar locking plate 
received additional fixation with a dorsal plate, and four patients received supplemental 
bone grafting following fixation with a volar locking plate. These patients were included in 
the analysis in the group they were originally assigned to. DASH scores were reported at a 
follow-up of 3, 6 and 12 months.

Wilcke et al.32 randomized 63 patients under the age of 70 into volar locking plating (n = 33) 
or bridging external fixation (n = 30). Only dorsally displaced AO type A and C1 fractures with 
an axial shortening of ≥4 mm or a dorsal angulation of ≥20° were included. Randomization 
was performed by a sealed envelope procedure. Randomization was conducted in blocks of 
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Table 3. For the secondary outcomes such as grip strength, flexion, extension, radial inclination, ulnar variance 

and radial length, no significant differences were demonstrated

Outcome Number of studies Mean difference

Grip strength as percentage of uninjured side 3 -1.73 (-12.27, 15.73)

Flexion (degrees) 2 0.44 (-4.66, 5.53)

Extension (degrees) 2 4.46 (-5.21, 14.14)

Radial inclination (degrees) 2 -2.06 (-4.6, 0.49)

Ulnar variance (mm) 3 -0.086 (-1.82, 0.10)

Radial length (mm) 3 -0.96 (-1.96, 0.04)

Sensitivity analysis
Based on methodological quality, the study by Egol et al. was first excluded since they used 
a per protocol analysis. Subsequently, the trial by Wei et al. was excluded because of their 
considerable lost to follow-up. These analyses did not alter the findings or conclusions; 
all differences remained significant. This was similar when the metaanalytic model was 
changed. Considerable heterogeneity was found in the analysis of DASH score at 3 and 12 
months. Data were homogenous for the DASH score at6 months (I2 = 0%). When the study 
by Egol et al. was excluded, data were homogenous (I2 = 0%) for the analysis of DASH score 
at 3 months as well. The same was witnessed for the DASH score at 12 months when the 
trial by Wei et al. was excluded.

Complications
A complication rate of 26% in the external fixator group and 20% in the volar locking plate 
group was found (Table 4). These differences were not significant (Fig. 4). 
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Figure 2. DASH scores at 3, 6 and 12 months. A. Table and forest plot illustrating functional outcome based on 

DASH scores comparing external fixation with a volar locking plate at 3 months with a random effects model. 

B. Table and forest plot illustrating functional outcome based on DASH scores comparing external fixation with 

a volar locking plate at 6 months with a random effects model. C. Table and forest plot illustrating functional 

outcome based on DASH scores comparing external fixation with a volar locking plate at 12 months with a 

random effects model.

Abbreviations: SD, standard deviation CI; confidence interval; df, degrees of freedom; IV, inverse variance

Figure 3. Volar tilt. Table and forest plot illustrating radiographic outcome based on volar tilt comparing 

external fixation with a volar locking plate at 12 months with a random effects model. The found difference of 

six degrees indicates a more accurate anatomical reconstruction of the volar tilt after treatment with a volar 

locking plate.

Abbreviations: SD, standard deviation CI; confidence interval; df, degrees of freedom; IV, inverse variance

A

B

C
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be considered to be both significantly better and clinically relevant for patients treated with 
a volar locking plate.

Although considerable heterogeneity was found in the analysis of DASH scores at 3 and 12 
months, the differences remained significant under the sensitivity analyses. No clinical or 
methodological issues could be identified explaining this heterogeneity.

Another significant difference between treatment methods was a slightly improved ana-
tomical restoration of the volar tilt in the ORIF group. The mean difference between external 
fixation and volar locking plate was six degrees, which indicates a more accurate anatomical 
reconstruction. Nevertheless, we should keep in mind that radiographic parameters are sur-
rogate endpoints and their clinical relevance remains disputed.34,35 

There are several strengths to this meta-analysis which include the comprehensive search of 
the literature and the inclusion of similar trials. Studies in which implants other than volar 
locking plates, e.g., the fragment-specific wrist fixation system, nonlocking plates or a com-
bination of volar and dorsal plating were used, were not included.14,20,36-39 Similarly, studies 
using a different form of external fixation and studies with an unclear definition of unstable 
fractures were excluded as well.20 Therefore, the results of this meta-analysis will most likely 
reveal the true magnitude and direction of the differences between the treatments under 
study.

However, the results of this study should be interpreted with caution because of the fol-
lowing limitations. The power of this meta-analysis was limited since the sample size of the 
included studies was relatively small. Moreover, the three trials included various AO fracture 
types and used different definitions of fracture instability and therefore indication for sur-
gery. Finally, unfortunately, only three trials could be included in this analysis. Nevertheless, 
the quality of a meta-analysis is often considered to be more susceptible to heterogeneity 
present across studies than the number of included trials.40,41 After all, pooled results can be 
obtained from as few as two studies.

A traditional argument in favor of ORIF with a volar locking plate is early mobilization, which 
theoretically results in less muscle weakness and therefore improved regain of wrist func-
tion. Additionally, the locking principle provides a more rigid construction in the subchon-
dral area of the distal radius, especially in patients with osteoporosis. This theory is in 
accordance with the results of the current meta-analysis that revealed a significant and 
clinically relevant improved patient-reported functional outcome for volar locking plate at 3 
months. This difference remained significant under a sensitivity analysis and can therefore 
be considered to be robust. A more rapid recovery might benefit high demanding patients 
or athletes, and therefore, treatment with volar locking plate for these types of patients 
with an unstable distal radius fracture is recommended.
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Table 4: Complications

Complication ORIF with volar 
locking plate (N) Bridging external fixator (N)

Pin tract infection 9

Deep infection 1

Ruptured extensor/flexor pollicis longus tendon 3 1

CRPS 3

Nonunion 1 1

Painful retained hardware 4

CTS 2

Tenolysis for postoperative stiffness 1

Malunion 4

Tendinitis 1 1

Total 17/84 (20%) 23/90 (26%)

Abbreviations: CRPS, Complex Regional Pain Syndrome; CTS, Carpal Tunnel Syndrome

Figure 4. Complications. Table and forest plot illustrating the complication rate comparing treatment with 

external fixation with a volar locking plate with a random effects model.

Abbreviations: CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel

DISCUSSION
This meta-analysis revealed a better functional outcome in patients with unstable distal 
radius fractures treated with a volar locking plate compared with (augmented) external fix-
ation at 3, 6 and 12 months follow-up. Patients treated with a volar locking plate showed 
faster rehabilitation reflected in a 16-point difference in DASH score at 3 months. This differ-
ence subsided at 6 and 12 months to six and eight points, respectively. 

However, in order to fully appreciate these finding, the clinical relevance of the differences 
in DASH scores should be taken into consideration. The minimal clinically important differ-
ence is the smallest difference in an outcome score that a patient perceives as beneficial. 
In patients with wrist pathology, the minimal clinically important difference in DASH score 
ranges between 10 points and 15 points.18,33 Therefore, functional outcome at 3 months can 
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SURGERY VERSUS CONSERVATIVE TREATMENT TYPE A DISTAL RADIUS FRACTURES

BACKGROUND
Fractures of the distal radius account for an estimated 17% of all fractures diagnosed.1,2 

Two-thirds of these fractures are displaced and require reduction.3 Although extra-articular 
distal radius fractures are considered to be relatively harmless, inadequate treatment may 
result in severely impaired function of the wrist.4,5 The consequences of post-traumatic loss 
of function are comprehensive, both on individual and societal level, and have long been 
underestimated.6

Several treatment modalities to obtain and maintain reduction exist and decision-making 
is mainly based on fracture type, region and surgeon’s preference.7 Although good results 
have been described for both conservative and surgical management, the ideal treatment 
method remains unknown.

According to current Dutch guidelines, standard treatment for patients with displaced ex-
tra-articular distal radius fractures consists of closed reduction and cast immobilisation for 
four to six weeks.8 Nevertheless, redisplacement occurs in up to 60% of cases and functional 
recovery is frequently poor.9-11 If fracture redisplacement occurs, surgical reduction and fix-
ation is the treatment of choice.8

A well-established and widely applied surgical approach is open reduction and internal fixa-
tion (ORIF). This procedure involves surgical (open) fracture reduction and internal fixation 
by means of locking plates. Over the past years, the use of volar locking plates has become 
increasingly popular.12 This type of osteosynthesis requires a relatively simple volar approach 
to the wrist, followed by fracture fixation using fixed angle implants.13 The technique allows 
more accurate reduction and immediate stable fixation. Subsequent removal of the plate 
is rarely necessary.7,14 The fracture stability allows for early mobilisation and may therefore 
result in an improved recovery of function.7,14 By 1987 already, Dias et al. concluded that 
patients who were encouraged to mobilise their injured wrist from the start in a modified 
cast which only restricted extension, recovered function more quickly than those whose 
who were immobilised in a conventional plaster cast.10

A recent randomised controlled trial by Arora et al. compared open reduction and internal 
fixation with a volar locking plate with closed reduction and plaster immobilisation. They 
included patients of 65 years and older who had suffered all types of displaced distal radius 
fractures with inadequate reduction or redisplacement.15 The operative treatment group 
showed better wrist function in the early post-operative period. However, at six and twelve 
months there were no significant differences in wrist function between treatment groups. 
At all times, grip strength was significantly better in the operative group. These results are 
consistent with a previous retrospective cohort study among elderly patients conducted by 
Arora et al. as well.16 Future studies compare the quality of life between patients treated 
with a volar locking plate or closed reduction and plaster immobilisation.17 
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ABSTRACT

Background 
Fractures of the distal radius are common and account for an estimated 17% of all fractures 
diagnosed. Two-thirds of these fractures are displaced and require reduction. Although dis-
tal radius fractures, especially extra-articular fractures, are considered to be relatively harm-
less, inadequate treatment may result in impaired function of the wrist. Initial treatment 
according to Dutch guidelines consists of closed reduction and plaster immobilisation. If 
fracture redisplacement occurs, surgical treatment is recommended. Recently, the use of 
volar locking plates has become more popular. The aim of this study is to compare the func-
tional outcome following surgical reduction and fixation with a volar locking plate with the 
functional outcome following closed reduction and plaster immobilisation in patients with 
displaced extra-articular distal radius fractures.

Design
This single blinded randomised controlled trial will randomise between open reduction and 
internal fixation with a volar locking plate (intervention group) and closed reduction fol-
lowed by plaster immobilisation (control group). The study population will consist of all 
consecutive adult patients who are diagnosed with a displaced extra-articular distal radius 
fracture, which has been adequately reduced at the Emergency Department. The primary 
outcome (functional outcome) will be assessed by means of the Disability Arm Shoulder 
Hand Score (DASH). Secondary outcomes comprise the Patient-Rated Wrist Evaluation score 
(PRWE), quality of life, pain, range of motion, radiological parameters, complications and 
cross-overs. Since the treatment allocated involves a surgical procedure, randomisation sta-
tus will not be blinded. However, the researcher assessing the outcome at one year will be 
unaware of the treatment allocation. In total, 90 patients will be included and this trial will 
require an estimated time of two years to complete and will be conducted in the Academic 
Medical Centre Amsterdam and its partners of the regional trauma care network.

Discussion
Ideally, patients would be randomised before any kind of treatment has been commenced. 
However, we deem it not patient-friendly to approach possible participants before adequate 
reduction has been obtained. 
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Exclusion criteria
 - Open distal radius fractures
 - Multiple trauma patients (Injury Severity Score (ISS) ≥16)
 - Other fractures of the affected extremity
 - Patients who indicate to have had impaired wrist function prior to injury, for 
   example due to rheumatoid arthritis, neurological disorders of the upper limb or 
   previous malunions in the affected limb.
 - Patients suffering from disorders of bone metabolism known to adversely effect  
   fracture healing, such as osteomalacia.
 - Patients suffering from connective tissue or (joint) hyperflexibility disorders   
   known to adversely effect fracture healing and/or soft tissue and wound healing.
 - Patients unable to understand the treatment information and informed consent  
   forms as judged by the attending physician.

Interventions
All patients will initially be treated with closed reduction and cast immobilisation. This will 
take place under local anaesthesia by means of a haematoma block with 20 cc Lidocaine 1%. 
Closed reduction will be performed according to the Robert-Jones method.18 This involves 
increasing the deformity first, then applying continuous traction and immobilising wrist and 
hand in the reduced position. Additional radiographs will be performed to verify the quality 
of the reduction (see inclusion criteria). After this has been confirmed, the wrist will be 
immobilised according to Dutch guidelines: a dorsal splint for one week. Once informed 
consent is obtained, patients will be randomized at one week between open reduction and 
internal fixation with a volar locking plate, or continuation of cast immobilization.

The intervention group will be treated with open reduction and internal fixation with a volar 
locking plate. The surgery will be performed by a general, trauma or orthopaedic surgeon. 
In order not to disturb clinical practise, and to provide an accurate comparison of two treat-
ment modalities as they are applied in clinical practise, no specific interval to surgery is 
prescribed. According to the current standard treatment protocol, antibiotic prophylaxis will 
be administered pre-operatively. The distal radius will be approached according to Henry, 
which involves an incision between the tendon of the flexor carpi radialis and the radial ar-
tery. The advantage of this approach is the possibility of an easy extension to the proximal 
or distal part of the forearm and the fact that the plate will be optimally covered by soft 
tissue.19 Moreover, the median nerve is not at risk using this technique. After the fracture 
site is exposed, the fracture will be reduced and provisionally fixed with K-Wires and/or 
reduction forceps. An appropriate volar locking plate which best suits the anatomy of the 
wrist and the fracture type will be selected. Screw placement and fracture reduction will 
be confirmed intra operatively by radiographic images. Wound closure will be performed 
at the discretion of the surgeon using standard techniques and no post-operative fixation 
or immobilisation will be applied. During the first follow up visit at five to ten days, wound 
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Despite the high incidence of displaced distal radius fractures and the substantial possible 
implications of suboptimal management, no high level evidence regarding the best treat-
ment method yet exists. To our knowledge, no studies have been performed comparing 
conservative treatment with ORIF in patients of all ages with displaced extra-articular distal 
radius fractures. Therefore, we are proposing to conduct a randomised controlled trial to 
compare the functional outcome, assessed with the Disability Arm Shoulder Hand Score 
(DASH), after ORIF with a volar locking plate with closed reduction followed by plaster im-
mobilisation, in patients with displaced extra-articular distal radius fractures. We hypothe-
sise that surgical reduction will result in a more rapid recovery and better functional results 
at one year follow up than conservative treatment consisting of closed reduction and plaster 
immobilisation.

The aim of this study is to compare two treatment methods for patients with displaced 
extra-articular distal radius fractures regarding functional outcome at one year follow up. 
These treatment methods include open reduction and internal fixation (ORIF) with a volar 
locking plate and closed reduction followed by plaster immobilisation.

METHODS/DESIGN
This single blinded randomised controlled trial will randomise between open reduction and 
internal fixation (ORIF) with a volar locking plate (intervention group) and closed reduction 
followed by plaster immobilisation (control group).

Participants
The eligible study population will consist of all consecutive adult patients who are diagnosed 
with a displaced extra-articular distal radius fracture, which has been adequately reduced 
at the Emergency Department of the Academic Medical Centre Amsterdam or one of the 
other participating hospitals.

Inclusion criteria
 - Patients ≥ 18 years and ≤ 75 years
 - Extra-articular (AO type A) displaced distal radius fracture, as classified on 
   lateral, posterior-anterior and lateral carporadial radiographs by a radiologist or  
   trauma surgeon.
 - Acceptable closed reduction obtained according to current Dutch guidelines. 8
 - <15° dorsal or <20° volar angulation of the distal fracture fragment
 - <5 mm loss of radial height
 - ≥15° radial inclination
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Secondary outcomes
- Wrist pain and disability expressed as change on Patient-Rated Wrist Evaluation Score 
(PRWE). The PRWE is a validated tool for assessing functional outcome in patients with dis-
tal radius fractures.21,22 This score was first described in 1998 by McDermid et al. and devel-
oped by expert surveys.22 The PRWE is a 15-item questionnaire designed to measure wrist 
pain and disability in activities of daily living. The PRWE allows patients to rate their levels 
of wrist pain and disability from 0 to 10, and consists of three subscales: Pain, Function and 
Cosmetics.

- Quality of Life assessed using the Short Form-36 (SF-36®) questionnaire. The SF-36 is a 
validated multipurpose, short form health survey which contains 36 questions representing 
eight different health domains.23 These domains are combined into a mental and physical 
component scale. From each domain, scores ranging from 0 to 100 points are derived, with 
lower scores indicating poorer quality of life.

- Pain as indicated on a Visual Analogue Scale (VAS), in which 0 implies no pain and 10 the 
worst possible pain. Patients will be asked to give an estimation of the type and quantity of 
pain medication taken during all follow up visits.

- Patient satisfaction at one year by simply asking patients if they are satisfied with the result 
(yes/no).

- Range of motion of the wrist measured on both sides with a handheld goniometer.

- Prehensile grip strength as measured with a Baseline dynamometer.

- Radiological parameters: radial inclination, volar/dorsal tilt, communition, ulnar variance 
and radial length measured digitally in the Picture Archiving and Communication System 
(PACS) on standard posterior anterior (PA), lateral carporadial and lateral X-rays of the wrist. 
Radiographs will be obtained according to standardised procedures. PA radiographs with 
the shoulder in 90 degrees abduction, elbow in 90 degrees flexion and the wrist in neutral 
position; lateral X-rays with the shoulder in neutral position and elbow in 90 degrees flexion; 
and the lateral carporadial radiographs will be obtained by positioning the lower arm on a 
20-25 degrees angled wedge.

- Rate of cross-overs

- Complications such as: loss of reduction, fracture malunion or non-union, wound and/or 
plate infection, tendon irritation and/or rupture, neuropathy and the occurrence of complex 
regional pain syndrome according to the criteria by Veldman et al.24
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inspection will be performed. Patients will be instructed to use the affected extremity in 
daily activities as pain allows.

The control group will continue treatment with cast immobilisation according to Dutch 
guidelines: a circular cast for another four weeks.8 At one week and three weeks following 
initial immobilisation, radiographs will be performed in both groups to ensure that loss of 
reduction has not occurred. Loss of reduction is defined as: >15° dorsal or >20° volar angu-
lation of the distal fracture fragment, >5 mm loss of radial height, or ≤15° radial inclination.8 
If this is the case, operative treatment will be offered. According to Dutch treatment stand-
ards, vitamin C 500 milligrams will be prescribed to all patients at initial presentation and for 
a duration of two months in order to prevent Complex Regional Pain Syndrome.8

Randomisation
All patients diagnosed with an extra-articular AO type A1, A2 or A3 distal radius fractures 
will be requested to participate in this study. Patients will be eligible after adequate re-
duction of the fracture has been acquired. Upon obtaining informed consent, patients will 
be randomised into either the intervention group (ORIF with a volar locking plate) or the 
control group (closed reduction and plaster immobilisation). This will be performed online 
by randomisation software provided by the Clinical Research Unit of the Academic Medical 
Centre Amsterdam. In order to avoid any imbalances between treatment groups, patients 
will be randomised into three strata according to age: 18-30, 31-60 and >60 years using a 
block randomisation.

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

Primary outcome
The primary endpoint of this study is wrist function, pain and disability as measured with 
the DASH score at one year follow up.20 The Disabilities of the Arm, Shoulder and Hand 
(DASH) score is a 30-item, self-report questionnaire designed to measure physical function 
and symptoms in patients with any or several musculoskeletal disorders of the upper limb. 
The DASH outcome measure is scored in two components: the Disability/Symptom and the 
optional high performance Sport/Music module. The DASH Disability/Symptom score is a 
summation of the responses to 11 questions on a scale of 1 to 5, with 0 (no disability) to 
100 (severe disability). The questions test the degree of difficulty in performing a variety of 
physical activities because of arm, shoulder, or hand problems (6 items). It also investigates 
the severity of pain, tingling (2 items), as well as the effect of the upper limb problem on 
social activities, work, and sleep (3 items).
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per arm, A the level of significance, B the power, SD the standard deviation of the primary 
outcome and DIFF the difference between the means. For safety measures and to correct 
for natural deaths, 45 patients in each arm will be included. From a separate study being 
conducted at the Academic Medical Centre Amsterdam and two other teaching hospitals, 
it was established that of the 703 distal radius fractures encountered in one year, 328 were 
an AO type A2 and A3. Therefore we estimate that we require a maximum of two years to 
include and follow up the patients in this trial.

Statistical analysis
Patients will be analysed according to the intention-to-treat protocol. General descriptive 
statistics on patient characteristic at baseline will be performed including factors such as 
gender and age. The primary outcome, DASH at one year, will be corrected for age and 
assessed using an analysis of co-variance (ANCOVA). Trends in DASH scores among the dif-
ferent time points will be assessed using a repeated measures ANOVA. The secondary out-
comes; PRWE, quality of life (QoL SF-36), pain as indicated on a Visual Analogue Scale (VAS) 
and Range of Motion (ROM) will be analysed in a similar manner. The radiological outcome, 
number of conversions and complication rate will be determined using either a Fisher Exact 
of a Chi square test, depending on the order of magnitude of the results. Subgroup analyses 
with regard to DASH score will be performed for gender and age for each randomisation 
stratum.

Ethical considerations
This study was approved by the Medical Ethical Review Committee of the Academic Medical 
Centre. 

Regulation statement
This study will be conducted according to the principles of the Declaration of Helsinki ver-
sion 59, October 2008 and in accordance with the Medical Research Involving Human Sub-
jects Act (WMO) and other guidelines, regulations and Acts.

Recruitment and informed consent
Patients diagnosed with a displaced extra-articular distal radius fracture will be approached 
by the investigators and informed about this trial. Patients will receive an elaborate infor-
mation sheet and contact details of both the investigator and an independent physician. 
Possible participants will have a period of reflection of five working days. If a patient decides 
to participate, written and oral informed consent will be obtained.

Benefits and risks assessment, group relatedness
The treatment that patients will receive is a component of the standard treatment of care, 
which currently depends on the surgeon’s preference and the complexity of the fracture. 
Patients will be asked to return to the hospital for follow up at one, three and six weeks, 
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Side-effects reporting
All adverse events will be described in patient file during consult at any of the follow-up 
visits or any other moment if indicated or requested by the patient.24 Serious adverse events 
will be reported through the web portal ToetsingOnline to the Medical Ethical Review Com-
mittee of the Academic Medical Centre of the University of Amsterdam, which approved 
the protocol, within 15 days after the sponsor has first knowledge of the serious adverse 
reactions.

Data collection and follow-up
Baseline characteristics will be obtained after randomisation but before treatment takes 
place. During follow up patients will be asked to return to the hospital for follow up at; one, 
three and six weeks and three, six and twelve months, according to standard Dutch proto-
cols. 8 During these visits patients will be asked about any complaints and/or complications 
and physical and radiological examination will be performed. For details, see Table 1. Proce-
dures additional to standard care are bold. 

Table 1. Follow-up visits

Follow-up at: Tests:

1 week VAS, X-ray

3 weeks VAS, X-ray

6 weeks VAS, ROM, Grip strength, QoL, X-ray, PRWE, DASH

3 months VAS, ROM, Grip strength, QoL, X-ray, PRWE, DASH

6 months VAS, ROM, Grip strength, QoL, X-ray, PRWE, DASH

12 months VAS, ROM, Grip strength, QoL, X-ray, PRWE, DASH

Examinations additional to standard care are bold

Abbreviations: VAS, Visual Analogue Scale; ROM, Range of Motion; QoL, Quality of Life; PRWE, Patient-Rated 

Wrist Evaluation Score; DASH, Disabilities of the Arm Shoulder and Hand Score

Sample size
This sample size calculation is based on the primary endpoint, the DASH score. The DASH 
score of an individual without any complaints of the wrist is 0. The mean DASH score after 
closed reduction and cast treatment after one year of follow up is 19 with a standard devi-
ation (SD) of 18.25 This figure was measured in a patient population in which 72% suffered 
from a displaced extra-articular distal radius fracture. We assume that treatment with volar 
plating will decrease the DASH score which is achieved by conservative cast treatment by 
15 points, from 19 to 4. Therefore at α = 0.05% and a power of 90%, with an estimated lost 
to follow-up of 10%, we would require 66 patients in total and 33 per treatment arm, to 
participate in the trial. This figure was calculated using the standard formula for means of 
superiority trials: n = [A + B]2 * 2 * SD2/DIFF2, where N = the number of patients required 

PART 2



134 135

Funder
Academic Medical Centre Graduate School with a PhD Scholarship.
Start date: 26-10-2012.
Intended date of completion: 01-11-2014.
Reporting date: 01-11-2015.

DISCUSSION
The exact moment of inclusion and randomisation of patients with displaced distal radius 
fractures has proven to be a complicated issue during the design of this trial. Ideally, pa-
tients would be randomised before any kind of treatment has been commenced. However, 
we deem it unethical and moreover not patient-friendly to approach possible participants 
before adequate reduction has been obtained. Therefore, after careful collaboration and 
discussion, the research group has decided upon its current format.
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three months, six months and at twelve months. All visits are part of standard care follow-
ing a fracture treated in this hospital. During these visits patients will be asked about any 
complaints and/or complications and physical examination will be performed. The assess-
ment of the range of motion of the wrist will take approximately five minutes. Additional 
to standard care, patients will be asked to fill out three questionnaires at six weeks, three 
months, six months and one year. Patients will be asked to fill out a DASH form, rate their 
pain on a Visual Analogue Scale and give an estimation of the type and quantity of pain 
medication taken during all visits. This will take approximately ten minutes of their time. 
The PRWE score and the SF-36 will approximately take another ten minutes each. Subjects 
could experience mild discomfort during physical examination and testing, but this will be 
no different from that experienced during physical examination during routine follow-up. 
X-rays will be taken during every visit of which only the final radiographs at one year are 
additional to standard care. The burden experienced regarding time spent is difficult to esti-
mate but will most likely not exceed 30 minutes. In the total duration of this study, patients 
will spend an approximate 150 minutes more. The risks are comparable to those that the 
standard treatment involves. This comprises the standard risk for undergoing a surgical pro-
cedure, including risks related to anaesthesia, neurovascular damage and post-operative 
wound infection. The risks of plaster immobilisation include redisplacement, malunion, loss 
of function, carpal tunnel syndrome and complex regional pain syndrome. Close follow up 
and a protocol of treatment, identical to the standard one, will be applied in every subject. 
Reduction of risks will be done according to inclusion and exclusion criteria. If complications 
arise, the treating physician will proportionate the adequate treatment according to the 
current protocols of treatment based on the published literature.

Subjects can leave the study at any time for any reason if they wish to do so without any 
consequences. The investigator can decide to withdraw a subject from the study for urgent 
medical reasons. This study will be terminated prematurely if and when patients experience 
an amount of discomfort or adverse events that is disproportionate to the benefit of the 
study and presents too great a risk to the participating study subjects. Since the allocated 
treatment is part of standard treatment of care, no interim analysis, stopping rules or data 
monitoring was constructed.

Indemnities 
The institutional review board at the AMC has waived liability insurance, because no addi-
tional risk can be attributed to participation in this study.

Publication plan
The principal investigator, the study designer and the study coordinator will be named au-
thor. There will be a limit of ten authors. All others will obtain group authorship in the study 
group. All authors including group members are allowed to present the results.
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INTRODUCTION 
Malunion of a radial fracture may result in chronic pain and loss of function and occurs 
in around 5% of the cases.1-3 A corrective osteotomy for patients with a malunited radi-
us fracture can improve wrist function and reduce stiffness and pain.4 Previous studies 
showed that accuracy of the anatomical reconstruction is essential to achieving an optimal 
outcome.5-7 Therefore, conscientious preoperative planning of the procedure and accurate 
surgical repositioning is required.1,5 Conventionally, planning is based on two orthogonal ra-
diographs depicting lateral and posteroanterior views of the radius. 

However, malunion of the radius commonly involves complex three-dimensional (3D) defor-
mations in different planes, which may not be acknowledged on conventional preopera-
tive 2D radiographs.8-12 Two-dimensional radiographic planning does not always result in 
adequate restoration of alignment, as was demonstrated by a recent study performed by 
members of our study group.7 

A potential solution of the challenge presented by the complex deformity of radius malun-
ions is the use of computer-assisted 3D planning techniques. With these techniques, both 
physical and virtual models of the deformed radius and the mirrored contralateral radius 
can be created. The models are used preoperatively to conceptualise the multiple planes of 
deformity and to preoperatively plan the osteotomy.4,13 Preoperative 3D planning also pro-
vides the possibility to create patient-specific cutting guides to transfer the planned osteoto-
my plane to the patient’s bony anatomy during surgery. Patient-specific guides for cutting or 
drilling have been successfully introduced before.14-16 They have proven to enable accurate 
positioning of surgical instruments or implants with respect to bony anatomy. However, 
these studies mostly focus on functional results without properly evaluating residual post-
operative malpositioning using 3D imaging techniques. 

Therefore, the aim of this study was to assess whether computer-assisted 3D planning and 
the intra-operative use of personalised cutting guides improve the accuracy of bone align-
ment. 

MATERIALS AND METHODS 
All patients who underwent a computer-assisted 3D planned corrective osteotomy of the 
radius for the treatment of symptomatic radius malunion between January 2009 and March 
2014 were eligible for inclusion. Only patients who underwent a postoperative computed 
tomography (CT) scan of both (full length) radii were included. Patients with a previous frac-
ture of the contralateral radius were excluded. 

Preoperative planning 
Preoperative planning was based on CT scans of both the affected and the contralateral radi-
us. The unaffected contralateral bone served as reference for determining malalignment. All 

ABSTRACT 

In corrective osteotomy of the radius, detailed preoperative planning is essential to optimis-
ing functional outcome. However, complex malunions are not completely addressed with 
conventional preoperative planning. Computer-assisted preoperative planning may opti-
mise the results of corrective osteotomy of the radius. We analysed the pre- and postop-
erative radiological result of computerassisted 3D planned corrective osteotomy in a series 
of patients with a malunited radius and assessed postoperative function. We included eight 
patients aged 13-64 who underwent a computer-assisted 3D planned corrective osteotomy 
of the radius for the treatment of a symptomatic radius malunion. We evaluated pre- and 
postoperative residual malpositioning on 3D reconstructions as expressed in six positioning 
parameters (three displacements along and three rotations about the axes of a 3D ana-
tomical coordinate system) and assessed postoperative wrist range of motion. In this small 
case series, dorsopalmar tilt was significantly improved (p = 0.05). Ulnoradial shift, however, 
increased by the correction osteotomy (6 of 8 cases, 75%). Postoperative 3D evaluation 
revealed improved positioning parameters for patients in axial rotational alignment (63%), 
radial inclination (75%), proximodistal shift (83%) and volodorsal shift (88%), although the 
cohort was not large enough to confirm this by statistical significance. All but one patient 
experienced improved range of motion (88%). Computer-assisted 3D planning ameliorates 
alignment of radial malunions and improves functional results in patients with a sympto-
matic malunion of the radius. Further development is required to improve transfer of the 
planned position to the intra-operative bone.
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Figure 1. Positi oning of cutti  ng plane

Pati ent-specifi c bone models and cutti  ng 
guides 
During the preoperati ve planning, the sur-
geon was able to interacti vely set the posi-
ti on and orientati on of the cutti  ng plane in 
the virtual radius (Fig. 1). Syntheti c acryloni-
trile butadiene styrene (ABS) bone models 
were created using additi ve manufacturing 
technology (SST1200es 3D printer, Dimen-
sion Inc, Eden Prairie, MN, USA) with a reso-
luti on of 254 lm. 

In four pati ents, a pati ent-specifi c cutti  ng 
guide was used which snugly fi tt ed to the 
bone geometry (see Fig. 2b). Polyamide cut-
ti ng guides were manufactured (Materialise, 
Leuven, Belgium; Sirris, Charleroi, Belgium; 
Amitek Prototyping, De Meern, The Nether-
lands) and were sterilised before use in the 
operati ng room.

Surgical procedure 
Depending on the complexity of the malunion, pati ents were treated with an open-wedge 
osteotomy or an oblique single-cut rotati on osteotomy (OSCRO).14 Both osteotomy types 
were planned by using virtual or physical syntheti c models of both radii and/or assisted by 
intraoperati ve use of pati ent-specifi c cutti  ng guides and jigs (Fig. 2). In the latt er method, 
the sterilised surgical guide was positi oned at the specifi c bone surface and was fi xated 
with Kirschner wires, using the planned fi xati on holes. In the case of an oblique single-cut 
rotati on osteotomy (OSCRO), the guide was removed aft er the osteotomy and a stainless 
steel jig served to set the angle between the proximal and distal bone segment.14 Rotati onal 
alignment was achieved by rotati ng the malunited distal bone segment over the planned an-
gle. Regular plate and screw fi xati on was performed to maintain the positi on. Postoperati ve 
management varied from direct mobilisati on to 2 weeks of plaster of Paris immobilisati on. 
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CT scans were obtained using a Brilliance 64-channel CT scanner (Phillips Healthcare, Best, 
The Netherlands) reconstructed to a 3D volume with a voxel spacing of 0.45 x 0.45 x 0.45 
mm. Data were imported by a dedicated applicati on program which helps quanti fying pre- 
and postoperati ve malalignment.17 In short, the program enables segmenti ng the aff ected 
bone using a threshold-connected region growing algorithm that collects voxels that belong 
to the aff ected bone, followed by a binary closing algorithm to close residual gaps. A Lapla-
cian level-set segmentati on growth algorithm advances the outline towards the boundary of 
the bone. A polygonal mesh is fi nally extracted, which is used for visualisati on of the bone 
deformity. It also serves to create a double-contour polygon by sampling the greylevel image 
0.3 mm towards the inside (bright) and outside (dark) for each point of the polygonal bone 
model. This double-contour polygon with image grey levels assigned to each point enables 
effi  cient and accurate point-to-image registrati on.

Next, distal and proximal segments are clipped to exclude the malunited fracture region. The 
clipped segments are aligned with the mirrored image of the healthy contralateral bone, by 
point-to-image registrati on. This procedure provides a positi on matrix that brings the distal 
bone segment in a positi on that agrees with that of the mirrored contralateral bone. The 
matrix is used to quanti fy malpositi oning in terms of three displacements along and three 
rotati ons about the axes of a 3D anatomical coordinate system.7 The centroid of the clipped 
bone segment polygons is used as centre of rotati on. Translati ons are determined in the 
ulnoradial, volodorsal and proximodistal directi ons. Rotati ons are expressed in terms of dor-
sopalmar ti lt, radial inclinati on and axial rotati on (pronati on and supinati on). In case of an 
oblique single-cut rotati on osteotomy 14, the matrix is used to determine the orientati on of 
the osteotomy and the rotati on angle for aligning the distal and proximal bone segments. 
The soft ware further enables to create (1) both virtual and physical models of both radii on 
which the osteotomy planning was simulated (Fig. 1), and (2) pati ent-specifi c cutti  ng guides 
and jigs for intra-operati ve guidance of the osteotomy (Fig. 2). 
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Data collection and outcome 
Patients were evaluated postoperatively after a minimum follow-up of 6 months. The main 
outcome was residual 3D malpositioning based on a postoperative CT scan of both fore-
arms. Residual malpositioning was again expressed in terms of six positioning parameters. 
These residual malpositioning parameters were quantified in exactly the same way as de-
scribed for preoperative planning, with the one difference that the postoperative image was 
used for segmentation of the bone instead of the preoperative image. Secondary outcome 
was the postoperative range of motion of the wrist measured on both sides with a handheld 
goniometer. 

This study was approved by the Medical Ethical Review Committee of the Academic Medical 
Centre of the University of Amsterdam. All subjects gave informed consent before partici-
pation in this study. 

Statistical analysis 
We reported medians and interquartile range (IQR) for nonparametric variables, and means 
and standard deviations (SD) for normally distributed variables. The absolute value of each 
malalignment parameter served to represent the residual error. The Kolmogorov-Smirnov 
test was used for the determination of the distribution form. The Wilcoxon signed rank test 
was used to compare the medians of each of the six malpositioning parameters before and 
after correction. 

RESULTS 
A total of 16 patients were treated for a symptomatic malunion with a computer-assisted 3D 
planned corrective osteotomy of the radius. 

Five patients were treated recently, and their follow-up was shorter than 6 months. Two 
patients did not want to participate in postoperative position evaluation, and one patient 
had moved abroad. This resulted in a total of eight patients who were included in this series. 

Of the included patients, three had originally developed a malunion after sustaining an 
extra-articular distal radius fracture. Five patients had sustained a forearm fracture (three 
antebrachial fractures and two isolated radius fractures), all of whom developed a diaphy-
seal malunion of the radius. The demographics of the study group are depicted in Table 1. 
We performed an opening-wedge osteotomy on four patients, and the other four patients 
received an oblique single-cut rotation osteotomy (OSCRO). All patients achieved primary 
osseous union. The median duration of follow-up was 26 months (IQR 12-34). No complica-
tions occurred.
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Figure 2. a Intra-operative correction of deformation with cutting guide (arrow). b Intra-operative 

correction of deformation with angled jig (arrow)

A

B
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Table 2. Residual malalignment

Malalignment parameter
Median (IQR) Significancea

Pre-op Post-op Difference

Ulnoradial shift in mm, 
ulnar (-), radial (+)

3.8 
(1.4 - 9.9)

7.0 
(1.1 - 11.0)

2.1 
(-2.7 - 5.0) 0.327

Volodorsal shift in mm,
 volar (-), dorsal (+)

7.2 
(-5.6 - 30.3)

4.0 
(2.8 - 10.3)

-3.2 
(-11.6 - 11.2) 0.069

Proximodistal shift in mm
shortened (-), lengthened (+)

-5.3 
(-17.0 - 13.9)

-0.6 
(-3.8 - 0.2)

2.9 
(-0.0 - 5.4) 0.123

Dorsopalmar tilt in deg, 
dorsal (-), volar (-)

-9.0 
(-16.8 - 13.9)

-6.4 
(-7.9 - 0.4)

5.5 
(-6.9 - 10.3) 0.050

Radial inclination in deg, 
ulnar (-), radial (+) 5.6 (0.4 - 8.8) 3.2 

(-1.4 - 8.8)
-1.4 
(-9.3 - 5.3) 0.208

Axial rotation in deg, 
pronation (-), supination (+)

-7.6 
(-36.4 - 2.0)

-2.6 
(-13.2 - 12.3)

15.0 
(1.2 - -30.6) 0.848

a. Related Samples Wilcoxon Signed Rank Test

Abbreviations: IQR, interquartile range; deg, degrees; mm, millimeter;

Bold value indicates statistical significance (p≤0.05)

The individual changes in preoperative and postoperative deformations are depicted in Fig. 
3. In two adolescent patients (Cases 7 and 8), the radial length (translation in proximodistal 
direction) was not reliable due to the patients’ growing skeleton between pre- and postop-
erative CT scans. Volodorsal translation showed improvement (correction towards neutral) 
in all but one patient (88%). In six patients (75%), ulnoradial shift increased by the correction 
osteotomy. In two patients, this shift was corrected to nearly neutral. 

Dorsopalmar tilt was improved in seven out of eight patients (88%): in one patient (Case 8), 
tilt was overcorrected from volar to dorsal. In one patient (Case 4), the preoperative neutral 
position was corrected to dorsal angulation (Fig. 4). Five patients originally had a malunion 
in pronation. In those five cases, rotations were corrected, although an overcorrection to 
supination was present in two patients (Cases 6 and 8). Radial inclination was improved in 
six out of eight patients (88%). 
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Table 1. Demographics of study population

Case Sex Agea Location 
malunion

Dominant 
hand 

affected
Indication Techniqueb Osteotomy 

type
Follow-up 
(months)

1 F 64 Distal, extra 
articular

Yes Pain Cutting guide Opening 32

2 F 53 Distal, extra
articular

Yes Pain Simulation Opening 56

3 F 18 Distal, extra 
articular

No Pain, DRUJ 
instability

Simulation Opening 8

4 M 32 Diaphyseal Yes Restricted 
supination

Cutting guide OSCRO 34

5 F 18 Diaphyseal Yes Restricted 
pronation

Simulation OSCRO 12

6 F 41 Diaphyseal + 
ulna

No Restricted 
ROM (all 
directions)

Simulation OSCRO 29

7 M 18 Diaphyseal + 
ulna

No Restricted 
pronation/
supination

Cutting guide OSCRO 13

8 M 13 Diaphyseal + 
ulna

Yes Restricted 
supination

Cutting guide Opening 23

Abbreviations: F, female; M, male; ROM, Range of Motion; DRUJ, distal radioulnar joint; Opening, opening-wedge 

osteotomy; OSCRO, oblique single-cut rotation osteotomy

a. Age in years at time of surgery 

b. Technique consisted of either pre- and intra-operative simulation of the osteotomy using virtual or physical 3D 

models of both radii sometimes with intra-operative use of a custom-made cutting guide and angled jig

The median pre- and postoperative malalignment per dimension is depicted in Table 2. Im-
provement in dorsopalmar tilt showed statistical significance (p = 0.05, Wilcoxon signed 
rank test). The median residual malalignment was smallest for radial length (-0.6 mm) and 
axial rotation (-2.6). 
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Fig. 4 Postoperati ve alignment in virtual model. Postoperati ve malalignment of the distal radius segment 

(arrow) of Case 4 compared to the mirrored contralateral radius.

Six pati ents (88%) experienced a postoperati ve increased range of moti on (Table 3). One 
pati ent (Case 3) slightly deteriorated. In additi on to a distal radius fracture, this pati ent had 
sustained a triangular fi brocarti lage complex (TFCC) tear that resulted in instability of the 
distal radioulnar joint (DRUJ). The performed correcti on osteotomy itself did not provide 
enough stability, and reinserti on of the TFCC was att empted 2 months aft er the correcti ve 
osteotomy, but was not successful. In one pati ent (Case 2), the indicati on for treatment 
was based on pain, instead of restricted ROM. The preoperati ve range of moti on (ROM) 
was therefore not measured. There was no stati sti cally signifi cant diff erence in terms of 
malalignment parameters between the cases that were corrected with use of a cutti  ng 
guide versus the correcti ons that were visualised (Table 4).
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Figure 3. Pre- and postoperati ve positi oning
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DISCUSSION 
Postoperative 3D evaluation revealed improved positioning parameters for most patients 
in dorsopalmar tilt, axial rotation (pronation and supination), radial inclination, proximodis-
tal shift and volodorsal shift. Dorsopalmar tilt significantly improved. However, ulnoradial 
translation was worsened by the correction osteotomy. Both over- and undercorrection oc-
curred in individual patients. All but one patient experienced improved range of motion. 

Computer-assisted 3D planning techniques are expected to optimise preoperative treatment 
plans and therefore minimise residual malalignment.7 In our study, alignment improved in 
five of the six positioning parameters, of which improvement in dorsopalmar tilt reached 
significance despite the small number of patients. 

There are several explanations for the residual malalignment. Firstly, the transfer from the 
virtual plan to the actual realignment and fixation might leave room for error. Although in 
half of the patients, we used patientspecific cutting jigs to transfer the planned correction 
onto the patients’ radius and used a jig to indicate the angle of the osteotomy, reduction and 
fixation were done in a freehand manner with K-wires. Although cutting guides generally 
show beneficial in reconstructive surgery18, based on our results we cannot yet draw con-
clusions on its added value. For accurate bone repositioning in future corrective osteotomy 
treatment, we recommend using reduction guides15 or patient-specific fixation plates.19  

The advantage of using an oblique single-cut rotation osteotomy is the correction of angu-
lar deformities in three dimensions while maintaining optimal bone contact. However, the 
method does not aim to correct translational displacements. Small rotational errors after 
corrective osteotomy of a diaphyseal malunion may scale to relatively large translational dis-
placements at the distal articular level. This could partly explain the residual displacements 
in ulnoradial and volodorsal shifts. 

Secondly, the preoperative plan does not take into account the soft tissue issues many of 
these deformed forearms have. Earlier (surgical) trauma often causes scar formation to 
structures like the interosseous membrane and makes the planned repositioning difficult to 
realise. Additionally, full geometric restoration of bony structures may hamper full mobility 
if there is too much stress on the soft tissue. Therefore, in some cases, complete correc-
tion was not obtained. Despite this issue, previously published data suggest a statistically 
significant correlation between residual malalignment and clinical outcome.7 When soft tis-
sue allows, we expect that increased precision in radiological outcome will further optimise 
postoperative functional results. 

The strength of this study is that we examined the postoperative positioning using 3D tech-
niques. Only a few previous studies assessed postoperative results in 3D.7,20,21 However, they 
focussed on intra-articular distal radius malunions and expressed their findings in terms 
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Table 3. Functional results

Case

Preoperative Preoperative

Range of wrista Range of wrista

Pronation/ 
supination Flexion/ extension Pronation/ 

supination Flexion/ extension

1 150 150 165 135

2 NA NA 180 175

3 180 155 180 150

4 115 100 145 180

5 90 NA 155 180

6 40 55 175 175

7 80 NA 135 180

8 125 180 180 180

Average 111 128 164 169

NA, not available 

a. Expressed in degrees and measured with a handheld goniometer

Table 4. Differences in malalignment parameters compared to pre-op for patients treated with cutting guide 

versus visualisation

Malalignment parameter
Difference compared to pre-op, median (IQR) Significancea

Cutting guide (n = 4) Visualisation (n = 4)

Ulnoradial shift in mm, 
ulnar (-), radial (+) 3.1 (1.9 to 10.0) -2.6 (-3.0 to 3.5) 0.200

Volodorsal shift in mm, 
volar (-), dorsal (+) 10.2 (-7.3 to 18.1) -6.7 (-26.4 to -2.6) 0.200

Proximodistal shift in mm,
shortened (-), lengthened (+) 2.2 (-2.0 to 15.7) 4.3 (0.3 to 5.4) 0.686

Dorsopalmar tilt in deg, 
dorsal (-), volar (-) -6.8 (-24.5 to 4.4) 8.5 (5.2 to 14.9) 0.114

Radial inclination in deg, 
ulnar (-), radial (+) -3.2 (-9.3 to 5.7) 0.3 (-11.4 to 5.3) 1.000

Axial rotation in deg, 
pronation (-), supination (+) 23.0 (11.5 to 30.6) 1.8 (-13.1 to 30.0) 0.343

Abbreviations: IQR, interquartile range; deg, degrees, mm, millimetre 

a. Independent samples Mann-Whitney U test
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of postoperative articular displacement. Another study by Vroemen et al.7 evaluated the 
postoperative malalignment in 25 patients after a 2D planned corrective osteotomy using 
3D imaging techniques. The median residual malalignments we presented in this study are 
comparable, but not per se superior to their results after a 2D planned corrective osteoto-
my. However, due to the lack of preoperative 3D malpositioning of their series and a poten-
tial selection of relatively complex cases in ours, full comparison is not possible. 

The postoperative range of motion we found is better than previous studies with comput-
er-assisted 3D planned corrective osteotomy in radial malunions.22,23 Athwal et al.22  included 
six patients with a distal radius malunion. They found an average postoperative range of 
motion of 89 of flexion-extension, 78% of pronation and 74% of supination after a mean 
follow-up of 25 months. Miyake et al. included 20 patients and reported a range of motion 
of 152 pronation and supination after a mean follow-up of 24 months. 

Our functional results are also superior to published results of conventional 2D planned 
corrective osteotomies. A previous study that investigated the long-term results after 2D 
planned corrective osteotomy of distal malunions demonstrated a range of motion of 109 
degrees of flexion-extension and 142 of pronation and supination after a mean follow-up 
of 13 years.24  

This study has several limitations. Due to the retrospective nature of this study, there was 
no predefined protocol for selecting patients. The decision to perform a computer-assisted 
3D planned corrective osteotomy was made by the surgeon. Only patients with complex 
malunions were selected for this type of treatment. This approach has resulted in a selec-
tion bias and potentially limits the generalisability of our results. Due to the retrospective 
nature of this study, we were not able to acquire preoperative grip strength or functional 
questionnaires (e.g. DASH, PRWE), thus limiting the evaluation of functional outcome of the 
procedure. Another limitation is the heterogeneity of the population. We included subjects 
with both diaphyseal and extra-articular distal radius malunions. Distal malunions common-
ly show axial malalignment in pronation25, whereas diaphyseal malunions typically involve 
angular deformation.23 Individual cases require different goals of correction. As mentioned, 
an oblique single-cut rotation osteotomy (OSCRO) aims to correct rotational deformities and 
is limited in providing ulnoradial or volodorsal shifts. This phenomenon—in combination 
with the low number of cases—may explain the lack of statistically significant improvement 
in individual directional parameters. 

Some patients may benefit more from this 3D planned osteotomy than others. Future stud-
ies should focus on determining the appropriate indication for the use of 3D planning tech-
niques in corrective osteotomy. This study suggests that virtual 3D planning of corrective 
osteotomies of radial malunions ameliorates alignment. Further enhancement of this tech-
nique is required to improve transfer of the preoperatively planned position to the intraop-
erative bone.
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INTRODUCTION
Initial treatment of patients with distal radius fractures generally consists of closed reduc-
tion and plaster immobilization.1-4 However, fracture re-displacement following closed re-
duction occurs in up to 64% of the patients (in part depending upon the definition).3,5,6 Most 
surgeons would agree that distal radius fractures with re-displacement outside acceptable 
parameters (>10° dorsal angulation, radial shortening >3mm or intra-articular step-off >)7 

benefit from surgical fixation, taking into account patient-related factors. Patients with a 
distal radius fracture with a perceived high risk of re-displacement may be recommended 
primary surgical treatment. Unfortunately, patients with these potentially more unstable 
distal radius fractures are difficult to identify. In 1989, Lafontaine et al. identified five fac-
tors predictive of fracture instability: dorsal angulation exceeding 20° at presentation; dor-
sal comminution; extension of the fracture into the radiocarpal joint; an associated ulnar 
fracture; and age over 60 years.8 According to Lafontaine et al. a fracture can be considered 
potentially unstable if three or more factors are present. 

Since then, several studies have confirmed and refuted the importance of these five risk 
factors, and new clinical and radiological predictors have been identified.9-12 Other authors 
have quantified predictors and presented scoring systems to predict the risk of secondary 
displacement based on clinical and radiological variables.3,13 Although several risk factors of 
secondary displacement are commonly accepted, the evidence for some predictors is limit-
ed. An overview of all known predictors of fracture instability in literature, and their relative 
weight (pooled odds ratios), could assist physicians in decision-making regarding the opti-
mal method of treatment for patients with distal radius fractures. The aim of this study was 
to perform a systematic review in order to identify predictors of secondary displacement in 
distal radius fractures.

METHODS
This review was conducted and reported according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.14 A review protocol was draft-
ed and registered on PROSPERO with number CRD42014010828. All of the following steps 
were performed by two independent reviewers (SA and MMJW). Disagreements between 
the two reviewers were discussed until a consensus was reached.

Eligibility criteria systematic review
Any study that could potentially provide information on predictors of secondary displace-
ment was eligible for inclusion. Therefore, studies describing non-operative treatment in 
patients with distal radius fracture were also included. We anticipated that these studies 
would report secondary displacement during follow-up. Inclusion criteria were studies that 
addressed adult (18 years and older) patients with distal radius fractures initially treated 
with plaster immobilization, with or without closed reduction of the fracture. Reviews, ani-
mal studies, cadaver studies, case reports, surveys, current (management) concepts, edito-

ABSTRACT 

The aim of this study was to perform a systematic review in order to identify predictors of 
secondary displacement in distal radius fractures. We performed a systematic review to 
identify all studies that reported secondary displacement following distal radius fractures. 
Where possible, we pooled the odds ratios of predictors. The initial search yielded 3178 
studies of which 27 were included. Multiple studies found that age, shortening, volar com-
minution, loss of radial inclination, the presence of a volar hook, AO type 3 fractures (A3, B3, 
C3) and the Older classification were significant predictors of secondary displacement. Pool-
ing revealed a significantly increased risk of secondary displacement in fractures with dorsal 
comminution, in women and in patients aged >60 years. An associated ulna fracture or 
intra-articular involvement does not result in an increased risk of secondary displacement. 
The overview provided in this study can help surgeons to inform patients of the chances of 
success of closed treatment regarding the radiological outcome and facilitate shared-deci-
sion making.
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Synthesis of results of meta-analysis
For the meta-analysis, univariate odds ratios were pooled using the random effects model. 
The random effects model involves an assumption that the effects being estimated in the 
different studies are not identical, but follow some distribution.15 If coefficients from a logis-
tic regression analysis were reported, odds ratios were calculated by taking the exponential. 
Odds ratios for instability or displacement at any point during follow-up (early or late) were 
added as separate odds ratios to the analysis. Data were pooled with the log odds ratio and 
the standard error (SE) with the generic inverse variance. 

To test the robustness of the results, sensitivity analyses were performed by comparing the 
results obtained with the random effects model with the fixed effects models. 15 Similar 
results imply that the results are robust. 

Statistical heterogeneity for each analysis was tested with I2. The I2 is a statistic that indicates 
the percentage of variance and is qualified as follows: 0% to 40% (might not be important); 
30% to 60% (may represent moderate heterogeneity); 50% to 90% (may represent substan-
tial heterogeneity); 75% to 100% (considerable heterogeneity).15 

RESULTS
Search results
The initial search yielded a total of 3178 studies, of which 2249 remained after excluding 
the duplicates. The full text manuscripts of 133 studies were evaluated and 27 studies were 
included in the systematic review (Fig 1).3,6,8-11,13,18-37 The full text manuscript of one study 
could not be procured, even after contacting the authors.38  

Systematic review
The characteristics of the studies included are outlined in Table 2. All but three studies fo-
cused primarily on secondary displacement or radiographic outcome.20,33,35 One study ex-
cluded fractures that lost reduction within one week and assessed late secondary displace-
ment at two months.32 Quality and risk of bias were variable (Table 1 and appendix 2).

A total of 7574 patients were included. Secondary displacement occurred in 10% to 89% of 
the fractures. Forty-four different predictors of secondary displacement were reported. An 
overview of the most common predictors and in which study they were assessed is outlined 
in Table 3. 
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rials, commentaries, conference abstracts and letters were excluded. Since there are numer-
ous definitions of displacement and instability, we did not predetermine a definition that 
should have been used for a study to be included. For the same reason we did not define 
what constitutes a displaced, undisplaced or minimally displaced fracture. 

Eligibility criteria meta-analysis
For the meta-analysis, an additional inclusion criterion was studies that reported odds ra-
tios of predictors of secondary displacement, or provided sufficient information to calculate 
odds ratios. We required studies to have had a minimal radiological follow-up of 4 weeks for 
the assessment of secondary displacement.

Literature search and study selection
We conducted a systematic search of the MEDLINE and EMBASE databases on August 28, 
2013, and updated the search on March 19, 2015 (Appendix 1), to identify all studies on 
patients with distal radius fractures and reporting displacement or fracture instability. To en-
sure proper interpretation of the results by our team, publication language was restricted to 
English, German, Spanish, French, Turkish or Dutch. The resulting titles and abstracts were 
reviewed. If the eligibility criteria were met full manuscripts were procured and reviewed. 
The bibliographies of all included studies were manually screened for additional articles of 
interest.

Data extraction
Data were extracted using a standardized data collection form that was developed accord-
ing to the Cochrane guidelines.15 Items collected included publication details, study type, 
numbers of patients, fracture types, the definition of displacement, the type of statistical 
analysis and details regarding treatment. For each study we determined which predictors 
of secondary displacement were found statistically significant (p<0.05). Additionally, we as-
sessed if the predictor was tested in a univariate or a multivariable analysis. For the me-
ta-analysis, predictors and odds ratios or coefficients of predictors of secondary displace-
ment were obtained and collected in a database.   

Quality assessment 
Quality and heterogeneity across studies was assessed using the Quality in Prognostic Stud-
ies (QUIPS) tool.16,17 (Table 1 and appendix 2) The QUIPS tool rates individual studies accord-
ing to the potential risk of bias associated with six domains: (1) study participation; (2) study 
attrition; (3) prognostic factor measurement; (4) outcome measurement; (5) confounding 
measurement and account; and (6) analysis. Two reviewers (SA and MMJW) independently 
assessed the potential risk of basis of each study based on information available in the man-
uscripts. Disagreements were discussed by the reviewers until a consensus was reached. 
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Only a few predictors were also tested in a multivariable analysis, adjusting for other covar-
iates. Of these, age, shortening, volar comminution, loss of radial inclination, the presence 
of a volar hook, AO type 3 fractures (A3, B3, C3) and the Older classification were found to 
be significant predictors in one or more studies.

The mechanism of the injury, the forces involved i.e. the estimated energy of the injury, the 
independence of a patient (defined as being able to go shopping), initial dorsal angulation 
>20° from neutral, the initial radial shift, the presence of an associated ulnar styloid fracture 
and the Frykman classification were revealed not to be significant predictors of secondary 
displacement in one or more studies that adjusted for other covariates. 

For gender, initial ulnar variance, comminution and intra-articular involvement, there were 
studies that found a significantly increased risk of secondary displacement and others that 
did not. 

Meta-analysis 
We were able to extract or calculate odds ratios from 11 articles.3,6,8,9,11,18,20,23,28,31,32  We con-
tacted the corresponding authors of four additional articles that reported p-values without 
odds ratios or only adjusted odds ratios to request additional information.24,30,34,37 The au-
thors of two studies provided further data34,37 so we could extract or calculate odds ratios 
from 13 studies. Ten of these studies used a comparable definition for secondary displace-
ment and were therefore eligible for pooling.3,6,9,11,18,23,31,32,34,37  Myderrizi et al. (2011) exclud-
ed patients with loss of reduction at one week and this study was therefore not included 
in the analysis. Wadsten et al. (2014) also analysed the 92 patients who went on to surgery 
because their post reduction films revealed an unacceptable position and therefore we did 
not include this study. From the remaining eight articles we were able to pool the odds ra-
tios of seven predictors. A total of 3807 patients were analysed. Female gender, age >60-65 
years and dorsal comminution were significant predictors of secondary displacement (Figs 
2-4). An associated ulnar styloid fracture, intra-articular involvement, dorsal angulation >15° 
from neutral and dorsal angulation >20° from neutral were not significantly associated with 
secondary displacement (Figure 5- 8). A sensitivity analysis showed similar estimates in the 
random and fixed effects models (Table 4). The odds ratio of intra-articular involvement and 
dorsal angulation >15° from neutral were both significant only in the fixed effects model. 
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 Figure 1. Flow chart

 

Databases: MEDLINE and EMBASE
Date: August, 2013, update March 19, 2015

Records identified through 
MEDLINE search: 

N = 1605

Records identified through 
EMBASE search: 

N = 1573

Screened on title and abstract 
(after duplicates removed): 

N = 2249

Full text articles as-
sessed for eligibility: 

N = 133

Included N = 27

Included in meta-
analysis 

N = 8

Cross referencing: 
N = 7

Excluded: N = 2116
- Studies that focussed on surgical treat-
ment: N= 548
- Non adults (18 and older): N= 203
- Different subject, non clinical or abstract 
only: N = 1364
- Unable to retrieve full text manuscript: 
N = 1

Excluded: N = 113
- Different subject, non clinical or 
abstract only: N = 7
- Instability/redisplacement studied 
or reported = 103
- Case report: N = 2
- No redislocations occured: N = 1

No odds ratios/coefficients report-
ed/unable to calculate odds ratios: 
N = 14

Incomparable definition of instabil-
ity: N=3

Focussed on late displacement and 
excluded fractures that lost reduc-
tion within 1 week: N=1

Included patients without initial 
acceptable reduction: N=1
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Figure 5. Forest plot of comparison presence of associated ulnar styloid fracture versus intact ulnar styloid. The 

odds ratios from Leone et al. represent early and late instability in all fractures

Figure 6. Forest plot of comparison intra-articular fracture involvement versus no involvement.

Figure 7. Forest plot of comparison dorsal angulation >15° from neutral versus dorsal angulation ≤15° from 

neutral

Figure 8. Forest plot of comparison dorsal angulation >20° from neutral versus dorsal angulation ≤20° from 

neutral

9
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Figure 2. Forest plot of comparison female versus male. The four odds ratios from Mackenney et al. represent 

early and late instability in minimally displaced and displaced fractures. The odds ratios from Leone at al repre-

sent early and late instability in all fractures. 

Figure 3. Forest plot of comparison age >60y versus <60-65y. Mackenney et al. represent early and late instabil-

ity in minimally displaced and displaced fractures

Figure 4. Forest plot of comparison dorsal comminution versus no comminution. The four odds ratios from 

Mackenney et al. represent early and late instability in minimally displaced and displaced fractures. The odds 

ratios from Leone at al represent early and late instability in all fractures.
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ary displacement for an associated ulnar styloid fracture.

The strength of this study is that it provides a complete and comprehensive overview of all 
predictors known in literature. There is a considerable advantage to the novel approach we 
took in this study to pool odds ratios of predictors. This is especially demonstrated by the 
pooled results for gender and dorsal comminution. Table 3 shows evidence for both predic-
tors seems inconclusive; however, by pooling we found that both are significantly associated 
with secondary displacement. Gender is not commonly addressed in popular definitions of 
an unstable distal radius fracture.8,12,40 Moreover, gender has been refuted as a predictor by 
several studies (Table 3). It is possible that by pooling, we identified a predictor that did not 
previously reach significance due to small study sizes. Nevertheless, the effect of female 
gender could be mitigated when accounting for age because women reach a higher age than 
men and are more prone to suffer from osteoporosis Thus the association between gender 
and fracture instability is probably indirect and should not be interpreted as direct causality.

This study has several limitations. The majority of studies that we included focused primar-
ily on secondary displacement. Consequently, these studies only described patients who 
were treated conservatively. Patients treated initially with an operation were probably not 
included. This last group is likely to include the most unstable fractures. In our opinion, 
this limitation mostly applies to studies performed after the introduction of volar locking 
plates in 2000. Conversely, some patients might have been treated operatively who would 
have achieved excellent results with conservative treatment. Unfortunately, the decisions 
to perform primary surgical fixation and exclude these patients were only reported in a 
few studies. Intra-articular involvement, volar fracture displacement or open fractures were 
most commonly mentioned.

A limitation regarding the meta-analysis is the variation among study populations: four stud-
ies provided one common odds ratio for both non-displaced and displaced fractures; one 
study only provided odds ratios for displaced fractures; and one study reported separate 
odds ratios for displaced and minimally displaced fractures. We were unable to extract sep-
arate odds ratios for non-displaced and displaced fractures and therefore combined these 
data.

Of particular note is the definition of secondary displacement  varied considerably across 
studies (Table 2). All studies included an alteration in dorsal angulation as a criterion of dis-
placement in their definition. However, cut-off values varied from an absolute dorsal angu-
lation of 10° or 15° from neutral to a change of 5°. The pooled odds ratios we found should 
therefore be interpreted with some caution. 

Despite the obvious variability among studies, the statistical heterogeneity tests showed 
an I2 of 48% or less for all analyses but one. The heterogeneity for dorsal comminution was 
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DISCUSSION
This systematic review provides an overview of all predictors of secondary displacement of 
distal radius fractures in literature. We have demonstrated that not all popular predictors 
of instability that are persistently used in the literature have indeed been identified as sig-
nificantly associated with secondary displacement. For instance, several studies that also 
adjusted for other covariates in their analyses did not find an increased risk of secondary 
displacement in fractures with an initial dorsal angulation exceeding 20° from neutral and 
neither in fractures with an associated ulnar styloid fracture. 

For other popular risk factors such as the female gender, dorsal comminution and intra-ar-
ticular involvement, the results were inconclusive. Some studies with adjusted analyses did 
find a significant influence on secondary displacement and others did not.  
In an attempt to provide a definite answer, we pooled the odds ratios of seven predictors 
including gender, age >60-65, dorsal comminution, associated ulnar styloid fracture, in-
tra-articular involvement and dorsal angulation exceeding 15° and 20° from neutral.  Our 
results show a significantly increased risk of secondary displacement in fractures with dorsal 
comminution and in women. Additionally, the pooled results confirm the importance of age 
demonstrating a significantly increased risk of secondary displacement of distal radius frac-
tures in patients older than 60-65 years. 

Conversely, our analysis reveals no significantly increased risk of secondary displacement 
in fractures with a dorsal angulation exceeding 15° or 20° from neutral, an associated ulna 
fracture or intra-articular involvement. 

Intra-articular involvement is often mentioned as an indication for surgery and is one of La-
fontaine’s often cited risk factors.3,6,7 Nevertheless, we found no significant effect on second-
ary displacement of intra-articular fractures (0.52, p=0.07). When the fixed effects model 
was used, risk of secondary displacement in intra-articular fractures was significantly lower 
(OR: 0.5, p=0.03). An explanation for this is that in the fixed-effects analyses, studies are 
weighted less equally than in the random-effects. Therefore, the larger study of the two 
(that found a significant OR) has greater weight.15 Another possible reason could be that 
patients with more severe intra-articular fractures received primary operative treatment, 
resulting in less severe intra-articular fractures in the study population. The same reason 
may explain why dorsal angulation >15° from neutral was significant in the fixed-effects 
model and not in the random-effects model. 

Another of Lafontaine’s risk factors is the presence of an associated ulnar styloid fracture, 
which is believed to result in injuries of the ulnocarpal ligaments and therefore constitute 
fracture instability.12,39 However, despite its popularity, this predictor was not identified as 
significantly associated with secondary fracture displacement in multiple studies. This is 
confirmed by the results of our meta-analysis that do not show an increased risk of second-
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considerable (I2 =78%). A possible explanation for this could be that the assessment of the 
presence of dorsal comminution was more subjective and variable across studies than other 
predictors such as age and gender. 

These limitations emphasize the need for consistency of definitions, measurement methods 
and a structured follow-up for patients with distal radius fractures. Standardization would 
allow easier comparison of studies and contribute to a higher level of evidence. 

This systematic review provides a comprehensive overview of all known predictors and 
non-predictors of secondary displacement in patients with distal radius fractures. We have 
demonstrated that, despite their popularity as predictors of secondary displacement, distal 
radius fractures with an associated ulna fracture, a dorsal angulation >15° or >20° from neu-
tral, and intra-articular fractures do not have an increased risk of secondary displacement. 
We did find a significantly increased risk of secondary displacement for patients older than 
60-65, women and fractures with dorsal comminution. Our results can provide a good basis 
for surgeons to inform patients on the probability of secondary displacement and there-
fore the chances of success from conservative treatment. This will facilitate shared-decision 
making between patient and surgeon. Nevertheless, since secondary displacement does 
not always entail poor functional results after conservative treatment, especially in elderly 
patients (Bartl et al., 2014) future studies should focus on pooling important predictors of 
functional outcome.

PART 3



172 173

18. Alemdaroglu KB, Iltar S, Aydogan NH, Say F, Kilinc 

CY, Tiftikci U. Three-point index in predicting redisplace-

ment of extra-articular distal radial fractures in adults. 

Injury 2010;41(2):197-203.

19. Altissimi M, Mancini GB, Azzara A, Ciaffoloni E. Early 

and late displacement of fractures of the distal radius: 

The prediction of instability. Int Orthop 1994;18(2):61-

65.

20. Bartl C, Stengel D, Bruckner T, Gebhard F, ORCHID 

Study Group. The treatment of displaced intra-articular 

distal radius fractures in elderly patients. Dtsch Arztebl 

Int 2014 Nov 14;111(46):779-787.

21. Benoist LA, Freeland AE. The shelf sign indicating 

instability in minimally displaced extraarticular distal 

radial fractures. Orthopedics 1995;18(11):1125-1126.

22. Beumer A, McQueen MM. Fractures of the distal 

radius in low-demand elderly patients: Closed reduc-

tion of no value in 53 of 60 wrists. Acta Orthop Scand 

2003;74(1):98-100.

23. Blakeney W, Webber L. Emergency department 

management of Colles-type fractures: A prospective 

cohort study. EMA - Emergency Medicine Australasia 

2009 aug;21(4):298-303.

24. Camelot C, Ramare S, Lemoine J, Saillant G. Ortho-

pedic treatment of fractures of the lower extremity of 

the radius by the Judet technique. Anatomic results 

in function of the type of lesion: apropos of 280 cas-

es. Rev Chir Orthop Reparatrice Appar Mot 1998 Apr 

1998;84(2):124-135.

25. Clayton RA, Gaston MS, Ralston SH, Court-Brown 

CM, McQueen MM. Association between decreased 

bone mineral density and severity of distal radial frac-

tures. J Bone Joint Surg Am 2009 Mar 1;91(3):613-619.

26. Einsiedel T, Freund W, Sander S, Trnavac S, Gebhard 

F, Kramer M. Can the displacement of a conservatively 

treated distal radius fracture be predicted at the begin-

ning of treatment?. Int Orthop 2009;33(3):795-800.

27. Fenyo G, Johansson O. Secondary displacement 

of reduced distal radius fractures. Acta Orthop Scand 

1974;45(1):76-81.

28. Hove LM, Solheim E, Skjeie R, Sorensen FK. Pre-

diction of secondary displacement in Colles’ fracture. 

Journal of hand surgery (Edinburgh, Scotland) 1994 

dec;19(6):731-736.

29. Kulej M, Dragan S, Dragan SL, Krawczyk A, Plo-

chowski J, Orzechowski W, et al. Efficacy of closed 

reduction and maintenance of surgical outcome in 

plaster cast immobilization in different types of distal 

radius fractures. Ortopedia Traumatologia Rehabilitacja 

2007;9(6):577-590.

30. LaMartina J, Jawa A, Stucken C, Merlin G, Tornetta 

P,3rd. Predicting Alignment After Closed Reduction and 

Casting of Distal Radius Fractures. J Hand Surg Am 2015 

Mar 12;40(5):934-939.

31. Leone J, Bhandari M, Adili A, McKenzie S, Moro 

JK, Dunlop RB. Predictors of early and late instabili-

ty following conservative treatment of extra-articu-

lar distal radius fractures. Arch Orthop Trauma Surg 

2004;124(1):38-41.

32. Myderrizi N. Factors predicting late collapse of distal 

radius fractures. Malays Orthop J 2011 Nov;5(3):3-7.

33. Oskarsson GV, Aaser P, Hjall a. Do we underestimate 

the predictive value of the ulnar styloid affection in Col-

les fractures? Arch Orthop Trauma Surg 1997 jan;116(6-

7):341-344.

9

PREDICTORS OF UNSTABLE DISTAL RADIUS FRACTURES

REFERENCES
 

1. Arora R, Lutz M, Deml C, Krappinger D, Haug L, Gabl 

M. A prospective randomized trial comparing nonop-

erative treatment with volar locking plate fixation for 

displaced and unstable distal radial fractures in pa-

tients sixty-five years of age and older. Orthopedics 

2012;35(1):50-51.

2. Earnshaw SA, Aladin A, Surendran S, Moran CG. 

Closed reduction of colles fractures: comparison of 

manual manipulation and finger-trap traction: a pro-

spective, randomized study. J Bone Joint Surg Am 2002 

Mar;84-A(3):354-358.

3. Mackenney PJ, McQueen MM, Elton R. Prediction of 

instability in distal radial fractures. J Bone Joint Surg Am 

2006 Sep;88(9):1944-1951.

4. Kumar S, Penematsa SR, Sadri M, Deshmukh SC. How 

many clinic visits does it take to treat distal radial frac-

tures? Int Orthop 2008 Feb;32(1):91-96.

5. Jenkins NH. The unstable Colles’ fracture. J Hand Surg 

Br 1989 May;14(2):149-154.

6. Makhni EC, Ewald TJ, Kelly S, Day CS. Effect of Patient 

Age on the Radiographic Outcomes of Distal Radius 

Fractures Subject to Nonoperative Treatment. J Hand 

Surg 2008;33(8):1301-1308.

7. American Academy of Orthopaedic Surgeons Board 

of Directors, December 5, 2009. THE TREATMENT OF 

DISTAL RADIUS FRACTURES, GUIDELINE AND EVIDENCE 

REPORT. Available at: http://www.aaos.org/research/

guidelines/drfguideline.pdf. Accessed July, 8, 2014.

8. Lafontaine M, Hardy D, Delince P. Stability assess-

ment of distal radius fractures. Injury 1989;20(4):208-

210.

9. Nesbitt KS, Failla JM, Les C. Assessment of instability 

factors in adult distal radius fractures. J Hand Surg 2004 

nov;29(6):1128-1138.

10. Abbaszadegan H, Jonsson U, Sivers KV. Prediction 

of instability of Colles’ fractures. Acta Orthop Scand 

1989;60(6):646-650.

11. Tahririan MA, Javdan M, Nouraei MH, Dehghani M. 

Evaluation of instability factors in distal radius fractures. 

Journal of Research in Medical Sciences 2013;18:892-

896.

12. Poigenfürst J. Brüche am distalen Unterarmende. 

Einteilung der Bruchformen und Indikation. Hefte Un-

fallheilkd 1980;148:53-59.

13. Adolphson P, Abbaszadegan H, Jonsson U. Comput-

er-assisted prediction of the instability of Colles’ frac-

tures. Int Orthop 1993;17(1):13-15.

14. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA 

Group. Preferred reporting items for systematic reviews 

and meta-analyses: the PRISMA statement. Int J Surg 

2010;8(5):336-341.

15. Higgins JPT, Green S editors. Cochrane Handbook 

for Systematic Reviews of Interventions Version 5.1.0 

[updated March 2011]. : The Cochrane Collaboration; 

2011.

16. Hayden JA, van der Windt DA, Cartwright JL, Cote 

P, Bombardier C. Assessing bias in studies of prognostic 

factors. Ann Intern Med 2013 Feb 19;158(4):280-286.

17. Huguet A, Hayden JA, Stinson J, McGrath PJ, 

Chambers CT, Tougas ME, et al. Judging the quality 

of evidence in reviews of prognostic factor research: 

adapting the GRADE framework. Syst Rev 2013 Sep 

5;2:71-4053-2-71.

PART 3



174

34. Phillips AR, Al-Shawi A. Restoration of the volar cor-

tex: predicting instability after manipulation of distal 

radial fractures. Injury 2014 Dec;45(12):1896-1899.

35. Porter M, Stockley I. Fractures of the distal radius. In-

termediate and end results in relation to radiologic pa-

rameters. Clin Orthop Relat Res 1987 Jul;220(220):241-

252.

36. Robin BN, Ellington MD, Jupiter DC, Brennan ML. 

Relationship of bone mineral density of spine and fem-

oral neck to distal radius fracture stability in patients 

over 65. J Hand Surg Am 2014 May;39(5):861-6.e3.

37. Wadsten MA, Sayed-Noor AS, Englund E, But-

tazzoni GG, Sjoden GO. Cortical comminution in dis-

tal radial fractures can predict the radiological out-

come: a cohort multicentre study. Bone Joint J 2014 

Jul;96-B(7):978-983.

38. Plaweski S., Lantuejoul J.P., Verjux T., Eid A., Rachidi 

I., Faure C., et al. Articular fractures of the distal radi-

us: Results according to anatomy and treatment. Main 

1997;2(1):11-18.

39. Poigenfuerst J, Tuchmann A. The significance of in-

juries to the ulnar ligaments of the wrist in Colles’ frac-

tures. Handchirurgie 1978 1978;10(3):121-125.

40. Cooney WP,3rd, Linscheid RL, Dobyns JH. External 

pin fixation for unstable Colles’ fractures. J Bone Joint 

Surg Am 1979 Sep;61(6A):840-845.

PART 3



GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

177

6CHAPTER 10

VALIDATION OF A PREDICTION MODEL 
FOR INSTABILITY IN DISTAL RADIAL 
FRACTURES

M.M.J. Walenkamp
J. van Hilst
J.C. Goslings 
N.W.L. Schep

Submitted



179

VALIDATION OF A CLINICAL PREDICTION MODEL FOR INSTABILITY 

10

INTRODUCTION
Instability of distal radius fractures has often been subject of investigation in an attempt to 
timely select those patients requiring surgery.1,2 Non-displaced fractures generally tend 
to be stable and can be managed conservatively.3,4 However, treatment of displaced and 
potentially unstable fractures continues to stimulate debate.2 Preferably, patients with a 
displaced distal radius fracture with a high risk of early loss of reduction are selected for 
preemptive surgical treatment. Unfortunately, these potential unstable distal radius frac-
tures are difficult to identify. 

Mackenney et al. published a prediction model to predict early instability in distal radius 
fractures.2 Based on age, the presence of comminution and ulnar variance, the model pre-
dicts the probability of instability occurring within the first two weeks after the injury. The 
study was very well-designed and the model was based on data of over 4,000 patients. 
However, although the model is available as an online calculator and can thus be used in 
clinical practice, it has never been externally validated. External validation, or evaluating 
the performance of a prediction model in a new patient population, is essential before its 
implementation elsewhere. 

The aim of this study was to externally validate this model in a different patient population 
with displaced distal radius fractures. We sought to examine how the model would perform 
in a new patient population and what its sensitivity and specificity for correctly identifying 
an unstable fracture would be.

METHODS
Source of data and participants
For this retrospective cohort study, we included all consecutive conservatively treated adult 
patients with a displaced distal radius fracture who visited the outpatient clinic between 
January 1st, 2009 and August 4th, 2014. Patients were retrospectively identified using the 
hospital administration code (in Dutch: DBC, Diagnosis and Treatment Combination) for dis-
tal radius fractures. Fractures were considered displaced when there was dorsal or volar 
angulation of >10˚and/or an ulnar variance of >3 mm. Acceptable reduction was defined 
according to Mackenney et al. as a fracture with dorsal angulation of ≤0° and an ulnar vari-
ance of ≤3 mm. An unacceptable reduction was defined as a position with dorsal angulation 
of >0° and/or an ulnar variance of >3 mm following closed reduction. The exclusion criteria 
were similar to Mackenney’s protocol: (1) skeletal immaturity; (2) primary operative treat-
ment; (2) prior fracture malunion; and (4) missing data. Patients with missing radiographic 
data from the evaluation after reduction were excluded from the analyses.  

Study outcomes measures
The primary outcome was early instability. Early instability was defined as a fracture that 
was radiographically redisplaced into an unacceptable position within two weeks after the 

ABSTRACT 

Background
Mackenney et al. published a prediction model to predict early loss of reduction in displaced 
distal radius fractures. If the model were reliable, it could assist in decision-making regard-
ing the treatment of choice. However, Mackenney’s model was never externally validated, 
a requirement before implementation in clinical practice. The purpose of this study was to 
externally validate the model.

Patients and Methods
We performed a retrospective cohort study and included all consecutive adult patients with 
a displaced distal radius fracture who were treated conservatively between 2009 and 2014. 
The primary outcome was early (<2 weeks) instability. The validity of the model was as-
sessed by comparing the predicted probabilities of early instability with the observed early 
instability. We calculated the ability of the model to discriminate between patients with and 
without early instability (Area under the Receiver Operating Characteristics Curve [AUC]). 
Additionally, we determined its sensitivity and specificity. 

Results
Ninety-nine patients were included and early instability occurred in 61 patients (62%). The 
AUC of the model was 0.53 (95% CI: 0.41 - 0.64), indicating poor discrimination. The sensi-
tivity and specificity for correctly identifying an unstable fracture were 1.6% (95% CI: 0.9% 
- 9.9%) and 94.7% (95% CI: 80.9% - 99.1%) respectively.  

Conclusions
External validation of Mackenney’s prediction model for early instability in displaced dis-
tal radius fractures revealed a disappointing performance. Therefore we conclude that the 
model in its current form is unsuitable for a population other than the population from 
which it was derived. 
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fracture).8 Therefore, we calculated the sensitivity and specificity for a cut-off of 70%. 

Data entry and analysis were performed with the Statistical Package for Social Sciences 
(SPSS) version 20.0 for Windows (IBM Corp. Released 2011. IBM SPSS Statistics for Win-
dows, Version 20.0. Armonk, NY: IBM Corp.) and R Gui version 3.1.2 (R Development Core 
Team (2008,R Foundation for Statistical Computing,  Vienna, Austria). A p-value of ≤0.05 was 
considered statistically significant. 
  
RESULTS 
During the study period there were 515 patients with a distal radius fracture. A total of 99 
patients were eligible and included in the analysis (Figure 1). The characteristics of the study 
population are outlined in Table 1. The probability of early instability according to the model 
ranged from 5% to 89% with a median probability of 33%. Early instability occurred in 61 
patients (62%). 

Figure 1. Flowchart

Eligible patients 
N = 515

Primary operative fixation
N = 116

Missing data (no radiographs)
N = 200

Prior fracture malunion
N = 16

Non displaced fracture
N = 84

Included in analysis
N = 99
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injury. Because Mackenney’s criteria for an unacceptable position differ from Dutch guide-
lines, we evaluated two definitions of early instability: According to Mackenney et al., an 
unacceptable position is a fracture with dorsal angulation of >0° and/or an ulnar variance 
of >3 mm. According to Dutch guidelines, an unacceptable position is defined as ≥15˚dor-
sal angulation or ≥20˚volar angulation of the distal fracture fragment, ≥5mm shortening or 
<15˚radial inclination.6

Predictors
According to hospital protocol, patients were evaluated clinically and radiographically at 
presentation, following closed reduction, and at approximately one week and six weeks 
after injury. Radiographic evaluation comprised standard posteroanterior and lateral radio-
graphs. The first author retrospectively determined the following criteria on all X-rays: AO 
fracture classification, dorsal or volar angle, radial inclination, radial height, ulnar variance 
and radial shift (in millimetres), and the presence of any comminution. Mackenney et al. 
expressed ulnar variance as difference between the injured side and the normal (uninjured) 
side. However, since we do not regularly image the uninjured wrist, ulnar variance was cal-
culated as the difference between the injured side and the normal value (0.49 mm).5

All radiographs were measured using the functions available on the computerised radio-
graphical system (IMPAX) with a digital ruler and protractor.

Analysis
We reported medians and interquartile range (IQR) for non-parametric variables, and means 
and standard deviations (SD) for normally distributed variables. The Shapiro-Wilk test was 
used for testing normality.

For each patient, the probability of early instability was calculated according to the pub-
lished formula: X = 0.03 * age + 0.38 * (if comminution is present) + 0.21 * ulnar variance 
-3.12. The probability of instability equals (ex / [1 + ex]) * 100.

To estimate the ability of the model to discriminate between patients with and without in-
stability, we calculated the Area under the Receiver Operating Characteristics Curve (AUC). 
The AUC ranges from 0.5 to 1, with higher score indicating better discrimination. The cali-
bration of the model (the agreement between observed outcomes and predictions) was 
assessed by plotting the predicted probability of instability and the observed frequency of 
occurrence of instability. The ideal is a slope of 1 for the observed versus predicted risks.7

Decision-making in the treatment of displaced distal radius fractures requires a binary out-
come: is the fracture stable or unstable? The predictive formula of Mackenney et al. gen-
erates a percentage risk of instability. The authors demonstrated that for the prediction of 
malunion in displaced fractures, the cut-off is best set at approximately 70% (<70% prob-
ability of instability constitutes a stable fracture, ≥70% probability constitutes an unstable 
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Figure 2. Receiver operati ng characteristi cs curve. The area under the curve is 0.53 (95% CI: 0.41 - 0.64). The 

green line represents an area under the curve of 0.5, which is equal to a coin toss. 

DISCUSSION
External validati on of Mackenney’s predicti on rule for early instability showed poor discrim-
inati on and calibrati on. The AUC of 0.53 represents a discriminati ve ability that is equal to 
a coin toss. Applying a 70% cut-off  for the predicted probability (a probability of <70% con-
sti tutes a stable fracture, a probability of ≥70% consti tutes an unstable fracture) resulted in 
good specifi city (95%) but very low sensiti vity (<2%) for predicti ng instability.
 
This study has several limitati ons. Due its retrospecti ve nature, selecti on of pati ents for sur-
gery did not follow a protocol. As discussed above, this has resulted in a study populati on 
that is not clearly defi ned and therefore limits the generalizability of our results. We also 
had to exclude a considerable number of pati ents due to missing radiographs. Our hospital 
is situated in a city that is frequently visited by tourists who are followed up elsewhere. The 
follow-up evaluati on radiographs of these pati ents were missing and therefore the occur-
rence of early instability could not be determined.
Another study limitati on and possible reason for the model’s poor performance is the meth-
od we used to determine the ulnar variance. Mackenney et al. calculated the ulnar variance 
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Table 1. Characteristi cs of study populati on (N=99)

Age (median, IQR) 63 (54 - 74)

Sex (female), No. (%) 73 (74)

AO fracture classifi cati on, No. (%)

  A 55 (56)

  B 20 (20)

  C 24 (24)

Early instability, Number (%) 61 (62)

Early instability Dutcha, Number (%) 18 (18)

a. Instability according to the Dutch guidelines: 15˚dorsal angulati on or ≥20˚volar angulati on of the distal fracture 

fragment, ≥5mm shortening or <15˚radial inclinati on.

The ability of the model to discriminate between pati ents with and without early instability 
expressed as the AUC was 0.53 (95% CI: 0.41 - 0.64). The calibrati on slope of the model was 
-0.10 (95% CI: -0.62 - 0.41). 

When applying the suggested 70% cut-off  (<70% probability of instabiliy consti tutes a stable 
fracture, ≥70% probability consti tutes an unstable fracture), the model showed a sensiti vity 
of 1.6% (95% CI: 0.9% - 9.9%) and a specifi city of 94.7% (95% CI: 80.9% - 99.1%) for correctly 
identi fying an unstable fracture (Table 2).

Table 2. Performance of the model to when cut-off  was applied (N=99)

Early instability occurred Early instability did not occur Total

Unstable fracturea 1 2 3

Stable fractureb 60 36 96

Total 61 38 99

Sensiti vity (95% CI) 1.6% (0.9% - 9.9%)

Specifi city (95% CI) 94.7% (80.9% - 99.1%)

a. Predicted probability ≥70%

b. Predicted probability <70%)

Abbreviati ons: CI, Confi dence Interval

According to the more liberal Dutch guidelines, only 18 pati ents (18%) showed early fracture 
instability. Using this defi niti on as the predicted outcome, the AUC of the model was 0.71 
(95% CI: 0.58 - 0.84) for predicti ng this type of instability (Figure 2). The calibrati on slope 
was 0.85 (95% CI: 0.14 - 1.6). The model showed a sensiti vity of 0% (95% CI: 0% - 21.9%) and 
a specifi city of 96.3% (95% CI: 88.9% - 99.0%) for correctly identi fying an unstable fracture.
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CONCLUSION
Unfortunately, external validation of Mackenney’s prediction rule for early instability in a 
different population showed poor discrimination and calibration. Recalibration of the model 
by adjusting the intercept for a new population would not have led to better results. Our re-
sults do not discredit the model itself, merely its performance in another patient population. 
Surprisingly, the model performed better when it was used to predict early instability ac-
cording to the more liberal Dutch guidelines. Nevertheless, its sensitivity remained equally 
low. Therefore we conclude that the model in its current form is unsuitable for a population 
other than the population from which it was derived.

10
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as difference between the injured side and the normal (uninjured) side. However, since we 
do not regularly image the uninjured wrist, we were forced to use the published normal 
value for ulnar variance. We recognize that this approach is not optimal and might have neg-
atively influenced our results. Nevertheless, we believe that obtaining x-rays from both sides 
is not standard practise in most institutions, rendering the model impractical to use.  

The poor performance of the model could also be explained by the differences between the 
study populations. In our population, primary operative treatment was selected for most 
displaced intra-articular fractures, and some displaced extra-articular distal radius fractures 
based on surgeons’ preference. In Mackenney’s population, primary operative treatment 
was selected for all intra-articular fractures or volarly displaced fractures. Of the 1595 dis-
placed fractures they included, early instability occurred in 682 (43%). Our more conserv-
ative selection of patients for operative treatment may have resulted in a less favourable 
population with a higher a priori probability of instability. The higher percentage of patients 
with early instability in our sample (62% versus 43%) supports this theory.

Predictors of loss of reduction or instability in distal radius fractures have been studied ex-
tensively.9-17 However, the definition of loss of acceptable reduction varies across studies. In 
general, the Dutch definition is more liberal, allowing up to 15 degrees of dorsal angulation 
or 20 degrees of volar angulation, and 5 mm of shortening. Surprisingly, the model per-
formed better when it was used to predict early instability according to the Dutch guidelines. 
Although the model was not designed to predict this outcome, both the discrimination and 
the calibration were higher. Nevertheless, decision-making in the treatment of displaced 
distal radius fractures requires a binary outcome: is the fracture stable or unstable? When 
applying the cut-off of 70% (<70% stable, ≥70% unstable), specificity of the model was good 
(96%), but its sensitivity was very low (0%). 

Clinical prediction models can assist and support shared decision making between patients 
and physicians. Especially well-designed models derived from large samples such as the 
model from Mackenney, can provide a useful tool. However, evaluating the validity of a 
prediction model in a new patient population is essential before its implementation. The 
validity of a model can be assessed by comparing the observed outcomes with the predict-
ed probabilities. Subsequently, the model may be updated to improve predictions in the 
population examined.18
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THE MCID OF THE PRWE SCORE FOR PATIENTS WITH DISTAL RADIUS FRACTURES

INTRODUCTION
A frequently used outcome measure in distal radius fracture studies is the Patient-rated 
Wrist Evaluation (PRWE) score.1,2 The PRWE is a 15-item questionnaire designed to measure 
a patient’s wrist pain and disability. It consists of two subscales (pain and function) and has 
a score range from 0 (no disability) to 100 (severe disability).

To recognize a treatment effect expressed as a change in PRWE score, it is important to be 
aware of the minimum clinically important difference (MCID) of the PRWE score. The MCID 
represents the smallest change in score that would be perceived by the patient as benefi-
cial.3-5 Consequently, a numeric change in score that is less than the MCID, even if statistical-
ly significant, does not represent a true clinically relevant change. Because the MCID defines 
a difference that is considered important to patients, the MCID also serves as the basis for 
estimating the necessary sample size in designing future studies.6

Another important instrument is the minimum detectable change (MDC). The MDC is the 
smallest amount of change that falls outside the measurement error of an instrument. 
Therefore, any change smaller than the MDC could be the result of the variability of the 
questionnaire. To ensure that the MDC is sufficiently small to detect the MCID, the MCID 
should be greater than the MDC.

The MCID and the MDC of the PRWE have been examined in patients with chronic wrist 
conditions6-8; however, to our knowledge, they have not been determined in patients with a 
distal radius fracture. Therefore, the purpose of our study was to determine the MCID and 
MDC of the PRWE score in patients with distal radius fractures.

PATIENTS AND METHODS
Our prospective cohort study was conducted alongside two ongoing clinical trials that are 
coordinated from our institution, an academic Level-1 trauma center in The Netherlands. 
The medical ethical review committee granted approval before initiation of this parallel 
study, without the need for informed consent from patient participants. 

Patients for our cohort study were recruited from the two ongoing clinical trials between 
January 2011 and July 2014, during their first visit to the outpatient clinic. To increase the 
size of our cohort study population, we also recruited patients with distal radius fractures 
at the outpatient clinic who were not enrolled in the clinical trials. The patients who were 
not participants of the clinical trial were enrolled in our study between January 2014 and 
July 2014. 

Our study population consisted of 102 patients with distal radius fractures. Patients were 
excluded if they: (1) did not want to complete the questionnaire at the outpatient clinic; (2) 
did not complete the anchor questions; (3) were unable to understand the study informa-
tion; or (4) had sustained their distal radius fracture more than 1 year before their visit to 
the outpatient clinic. 
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ABSTRACT

Background 
The Patient-rated Wrist Evaluation (PRWE) is a commonly used instrument in upper extrem-
ity surgery and in research. However, to recognize a treatment effect expressed as a change 
in PRWE, it is important to be aware of the minimum clinically important difference (MCID) 
and the minimum  detectable change (MDC). The MCID of an outcome tool like the PRWE is 
defined as the smallest change in a score that is likely to be appreciated by a patient as an 
important change, while the MDC is defined as the smallest amount of change that can be 
detected by an outcome measure. A numerical change in score that is less than the MCID, 
even when statistically significant, does not represent a true clinically relevant change. To 
our knowledge, the MCID and MDC of the PRWE have not been determined in patients with 
distal radius fractures.

Questions/Purposes 
We asked: (1) What is the MCID of the PRWE score for patients with distal radius fractures? 
(2) What is the MDC of the PRWE? 

Methods 
Our prospective cohort study included 102 patients with a distal radius fracture and a medi-
an age of 59 years (interquartile range [IQR], 48-66 years). All patients completed the PRWE 
questionnaire during each of two separate visits. At the second visit, patients were asked 
to indicate the degree of clinical change they appreciated since the previous visit. Accord-
ingly, patients were categorized in two groups: (1) minimally improved or (2) no change. 
The groups were used to anchor the changes observed in the PRWE score to patients’ per-
spectives of what was clinically important. We determined the MCID using an anchor-based 
receiver operator characteristic method. In this context, the change in the PRWE score was 
considered a diagnostic test, and the anchor (minimally improved or no change as noted 
by the patients from visit to visit) was the gold standard. The optimal receiver operator 
characteristic cutoff point calculated with the Youden index reflected the value of the MCID. 
Results In our study, the MCID of the PRWE was 11.5 points. The area under the curve was 
0.54 (95% CI: 0.37 - 0.70) for the pain subscale and 0.71 (95% CI: 0.57 - 0.85) for the function 
subscale. We determined the MDC to be 11.0 points.

Conclusions 
We determined the MCID of the PRWE score for patients with distal radius fractures using 
the anchor-based approach and verified that the MDC of the PRWE was sufficiently small to 
detect our MCID.

Clinical Relevance 
We recommend using an improvement on the PRWE of more than 11.5 points as the small-
est clinically relevant difference when evaluating the effects of treatments and when per-
forming sample-size calculations on studies of distal radius fractures. 
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answers on a global rating of change scale (GRC) from -5 (much worse) to +5 (much better) 
(Fig. 1).16 The purpose of this question was to ‘‘anchor’’ the changes observed in the PRWE 
score to patients’ perspectives regarding what is clinically important.14 

There is no consensus regarding the required sample size to determine the MCID.17 We 
made a sample size estimation based on a conservatively estimated MCID of 12 points, with 
a SD of ± 14.6-8 To achieve an a of 0.05 and a power of 80%, we required 18 data points rep-
resenting no change, and 18 data points representing minimal improvement. 

Fig. 1 The global rating of change (GRC) scale used in the Patient-rated Wrist Evaluation (PRWE) questionnaire 

is shown. The anchor questions allowed patients to assess their current health status regarding wrist function 

and wrist pain, and compare their status with that of their previous visit.

Statistical Methods
The number of questions not answered by patients comprised less than 5% for all items and 
were replaced with the mean score of the subscale according to the PRWE user manual.18 
PRWE scores were calculated for both subscales (pain and function) using the published 
algorithm.18 The change in outcome was calculated as the difference between the last and 
the first scores. The change in score between visits was transformed such that improvement 
was indicated by a positive value. We reported medians and interquartile ranges (IQR) for 
nonparametric variables, and means (± SD) for normally distributed variables. The Kolmog-
orov-Smirnov test was used to determine if a variable was normally distributed. A p value of 
0.05 or less was considered statistically significant. Data entry and analysis were performed 
using SPSS1 (Version 20.0; IBM Corp, Armonk, NY, USA) and R Studio Version 3.1.2; R Studio, 
Boston, MA, USA), with the package coefficient alpha.

-5

Much worse

Rate the pain in your wrist compared to your previous visit. Please indicate your answer on the scale below.

1. Pain

No change Much better

-4 -3 -2 -1 0 1 2 3 4 5

-5

Much worse

Rate your wrist function compared to your previous visit. Please indicate your answer on the scale below.

2. Function

No change Much better

-4 -3 -2 -1 0 1 2 3 4 5
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Of the two concurrent clinical trials occurring during our prospective cohort study, the first 
trial9 included 42 patients who underwent a study of two- and three-dimensional imag-
ing. This trial provided 42 adult patients with intraarticular distal radius fractures who were 
treated with open reduction and internal fixation with a volar locking plate. 

The second trial10 randomized patients with displaced extraarticular distal radius fractures 
(AO types A2 and A311) between treatment with either open reduction and internal fixation 
with a volar locking plate or plaster immobilization. This trial provided 39 patients. 

Additionally, during the first 6 months of 2014, we identified 55 patients who were not 
enrolled in either clinical trial but who were eligible for participation in our study. All adult 
patients with a distal radius fracture were eligible for inclusion, regardless of the type of 
treatment they received. After exclusion, an additional 21 patients with a distal radius frac-
ture who were not enrolled in either of the two trials were included in our study cohort. 

There are two methods to define the MCID: (1) a distribution-based and (2) an anchor-based 
approach.12 The distribution-based approach is used to evaluate if the observed effect is 
attributable to true change or simply the variability of the questionnaire. It examines the 
distribution of observed scores in a group of patients. The magnitude of the effect is inter-
preted in relation to variation of the instrument.13 In other words, is the observed effect 
attributable to true change or simply the variability of the questionnaire? 

The anchor-based approach uses an external criterion (the anchor) to determine the MCID. 
Possible anchors include objective measurements, such as prehensile grip strength and 
ROM, or patient-reported anchor questions. The purpose of a patient-reported anchor 
question is to ‘‘anchor’’ the changes observed in the PRWE score to patients’ perspectives 
of what is clinically important.14 

Anchor-based methods to determine the MCID are preferred because an external criterion 
is used to define what is clinically important15; however, the anchor-based method does not 
take into account the measurement error of the instrument, so it is valuable to use the an-
chor- and distribution-based approaches.15 To avoid confusion, the distribution-based meth-
od generally is referred to as minimum detectable change (MDC), and the anchor-based 
method as MCID.15 We use the same terms to identify the methods. 

Data were collected prospectively. Patients completed the Dutch version of the PRWE ques-
tionnaire during two visits at approximately 6 to 12 weeks and approximately 12 to 52 weeks 
after distal radius fracture injury. 

At the second visit, patients were asked to indicate the degree of clinical change they had 
noticed since the previous visit for each domain (pain and function). Patients noted their 
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native. The adequateness of the GRC scale was explored by quantifying the correlation be-
tween change in PRWE scores and the anchor questions using Spearman’s rho. Correlation 
coefficients were interpreted as negligible correlation (0 - 0.3); low correlation (0.3 - 0.5); 
moderate correlation (0.5 - 0.7); high correlation (0.7 - 0.9); or very high correlation (0.9 - 
1.0).23 A total 102 patients were included in our study (Fig. 2). Patient characteristics are 
provided (Table 1). 

Figure 2. The flowchart shows patient selection methods used for the study

Excluded patients
n = 34 (62%)

Reasons:

Refused to Fill in Questionnaire: n = 1 (2%)

Did not Complete Both 
Questionnaires: n = 13 (24%)

Sustained Fracture More Than one Year ago: 
n = 11 (20%)

Was Referred to Other Department/Hospital: 
n = 3 (5 %)

Missed in Outpatient Clinic: 
n = 6   (11%)

Eligible Patients in Outpatient Clinic
(January 2014 to July 2014)

n = 55

Patients Enrolled 
From Outpatient 

Clinic 
n = 21

Patients Enrolled 
From Trial 2

n = 39

Patients Enrolled 
From Trial 1

n = 42

Patients Included in the Study
n = 102

THE MCID OF THE PRWE SCORE FOR PATIENTS WITH DISTAL RADIUS FRACTURES

Determination of MDC
We calculated the MDC for the pain and function subscales separately and summed them to 
obtain the total MDC.15 The MDCs were calculated as:

z score90% * √2 * Standard Error of MeasurementPRWE

A z score of 1.65 was chosen to reflect a 90% one-sided CI, similar to previous studies.6,7 The 
standard error of measurement is a measure of the instrument variability and takes into 
account the distribution of repeated measures on a questionnaire around the ‘‘true’’ score 
of a patient. For our study, the standard error of measurement was calculated by multiply-
ing the SD (σ) of the PRWE score at the second followup, by the square root of 1, minus the 
reliability coefficient (r) of the instrument, or, in formula15,19:

Standard Error of Measurement = σ * √ (1 - r)

The reliability coefficient is the overall consistency of an instrument. We used Cronbach’s 
alpha as a parameter of reliability.20 Cronbach’s alpha is used to measure the internal con-
sistency of a (sub)scale. Its value can range from 0 to 1.0, where greater than 0.7 indicates 
good internal consistency.20

Determination of the MCID
We calculated the MCID according the receiver operating characteristic (ROC) curve meth-
od7,21 In this context, the change in PRWE score was considered a diagnostic test and the 
anchor was the gold standard.21 The ROC curve plots the sensitivity against 1-specificity for 
all possible cutoff points of the change in PRWE score. The optimal ROC cutoff point is the 
value for which the sum of percentages of false positive and false negative classifications is 
smallest ([1-sensitivity] + [1-specificity]).21 This value represents the MCID. The area under 
the ROC curve reflects the ability of the change in PRWE score to differentiate between pa-
tients with and without clinically important change. The area under the ROC curve ranges 
from 0.5 to 1; a higher score indicates better discrimination.

Consistent with previous studies8,22, patients were categorized in five groups according to 
their answer to the anchor question: -5 to -4 (marked worsening); -3 to -2 (minimal worsen-
ing); -1 to 1 (no change); 2 to 3 (minimal improvement); and 4 to 5 (marked improvement). 
We calculated the MCID by plotting the ROC of the change in PRWE score for patients in the 
minimal-improvement group compared with patient scores in the no-change group. 

We tested for significant score changes among patients who indicated they had experienced 
marked worsening, minimal worsening, no change, minimal improvement, and marked im-
provement, using the Kruskal-Wallis test. Nonsignificant differences among the five patient 
categories could suggest that the improvement categories were not sufficiently discrimi-
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Table 2. The MCID of the PRWE score 

Subscale MCIDa

PRWE pain 1.5

PRWE function 10

PRWE total 11.5

a. Units are expressed in points on the PRWE score.

Abbreviations: MCID, minimal clinically important difference; PRWE, patient-rated wrist evaluation.

MDC of the PRWE 
The MDC was 11.0 points. The majority of patients reported marked improvement (Table 3) 
and the PRWE scores between the first and the second measurements differed (p< 0.001; 
Wilcoxon signed rank test). For the pain subscale, 40 patients reported marked improve-
ment (change in PRWE, 9.5; IQR, 5.0 - 16.0), and 20 patients had minimal improvement 
(change in PRWE, 5.0; IQR, -1.8 to 10.7). For the function subscale, 41 patients reported 
marked improvement (change in PRWE, 12.5; IQR, 5.8 - 19.7), and 24 patients had minimal 
improvement (change in PRWE, 10.8; IQR, 3.6 - 18.8).

There were significant differences in the changes in PRWE scores among patients who in-
dicated they had experienced marked worsening, minimal worsening, no change, minimal 
improvement, or marked improvement in pain (p = 0.001, Kruskal-Wallis test), suggest-
ing sufficiently discriminative categories (Table 3). There also were significant differences 
in the changes in PRWE scores among the categories of the function subscale (p<0.001, 
Kruskal-Wallis test).

There was correlation between the change in PRWE scores for the pain subscale and the 
GRC categories, confirming the adequacy of the GRC (correlation coefficient = 0.39; two-
tailed p<0.001). The correlation between the change in PRWE score and GRC categories for 
function was similar (correlation coefficient = 0.34; two-tailed p = 0.001). Reliability coeffi-
cients (Cronbach’s alpha) were 0.98 for the pain subscale and 0.95 for the function subscale, 
indicating good internal consistency of the questionnaire.

DISCUSSION
The PRWE score is a well-accepted measure of patient functional outcome after distal radius 
fracture.1 Knowledge of the MCID of the PRWE provides a useful benchmark to interpret 
study results and a basis for sample size calculations. Three previous studies have examined 
the MCID of the PRWE; however, to our knowledge, no such study has examined patients 
with distal radius fractures.6-8 Some authors advocate that the MCID is not a universal fixed 
attribute and cannot be applied across patient populations or disease-specific states.3,17,24,25 
The MCID can fluctuate based on what is interpreted as important to the patient; therefore, 

11

THE MCID OF THE PRWE SCORE FOR PATIENTS WITH DISTAL RADIUS FRACTURES

Table 1. Characteristics of study population (n = 102)

Characteristic Numbers

Age, median year ( IQR) 59 (48 - 66)

Women, n (%) 71 (70)

Dominant hand affected, n (%) 50 (49)

AO fracture classification, n (%)

    A 56 (55)

    B 11 (11)

    C 35 (34)

Type of treatment, n (%)

   Open reduction and volar locking plate, n (%) 65 (64)

   Plaster, n (%) 36 (35)

   Nonea, n (%) 1 (1)

Weeks from trauma to first measurement, median 
(IQR)

8 (6 - 13)

Weeks between measurements, median (IQR) 8 (6 - 39)

Weeks from trauma to second measurement, median 
(IQR)

16 (13 - 52)

PRWE score at first measurement, median (IQR) 44 (21 - 63)

PRWE score at second measurement, median (IQR) 17 (4 - 45)

a. Patient was treated elsewhere and the fracture was missed; IQR = interquartile range; PRWE = patient-rated 

wrist evaluation.

RESULTS
MCID of the PRWE for Patients with Distal Radius Fractures
The overall MCID was 11.5 points on the PRWE (Table 2). For the pain subscale, 20% of the 
patients (20/102) indicated they had experienced minimal improvement and 37% (38/102) 
experienced no change. The area under the ROC curve of the change in PRWE score to dif-
ferentiate between patients with minimal improvement in pain and patients with no change 
in pain was 0.54 (95% CI: 0.37-0.70). For the function subscale, 24% of the patients (24/102) 
reported minimal improvement in function and 34% (35/102) experienced no change. The 
area under the ROC curve of the change in PRWE score to differentiate between patients 
with minimal improvement in function and no change in function was 0.71 (95% CI: 0.57-
0.85).
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The MDC is the smallest change in score that likely reflects true change rather than meas-
urement error. It shows which changes fall outside the measurement error of the health 
status measurement (based on, for instance, internal validity or test-retest reliability).15 To 
ensure that the MDC is sufficiently small to detect the MCID, it should be greater than the 
MDC. We found an MDC of 11.0 points, similar to the MDCs reported by Kim and Park (7.7 
points)7 and Schmitt and Di Fabio (12.2 points).6 This value for the MDC indicates that the 
PRWE questionnaire is able to detect changes as small 11.0 points, therefore the PRWE 
should be able to detect the MCID we determined.

In our prospective cohort study, we determined the MCID of the PRWE for patients with 
distal radius fractures using the anchor-based approach and verified that the MDC of the 
PRWE was sufficiently small to detect our MCID.

The MCID is not a value that can be used to classify individual treatment results, but rath-
er a method to put group level treatment effects in perspective. We recommend using an 
improvement on the PRWE of more than 11.5 points as the smallest clinically relevant dif-
ference when evaluating the effects of treatments and when performing sample-size calcu-
lations on studies of distal radius fractures.
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patients with chronic wrist conditions may have other expectations from treatment than 
patients with an acute condition. Patients who sustain a distal radius fracture generally have 
their healthy wrist become immobilized, are in pain, and experience a (temporary) com-
plete loss of wrist function. Their standard of comparison is likely not the painful situation 
at the beginning of treatment for the fracture, but their status before the injury.26 In gener-
al, these patients expect complete recovery, which could entail that they require different 
changes in PRWE scores to appreciate clinical improvement. 

In our patients, the MCID was 11.5 points, which was just outside the measurement error 
(MDC) of the PRWE score.

Our study had several limitations. The majority of patients were selected from one of two 
ongoing clinical trials coordinated from our institution. Owing to the nature of the trials, 
the patients in our study were part of a more selective group of patients. All patients had 
a sustained displaced distal radius fracture and consented to participate in a randomized 
controlled trial. Such a select group of patients may limit the generalizability of our results. 
Other limitations pertain to the various approaches for determining the MCID. For example, 
a limitation of the anchor-based approach is that it does not take measurement precision 
into account12,15; therefore, the MCID determined potentially can be within the measure-
ment error of the questionnaire. By determining the MDC, it becomes possible to judge 
whether the MDC of a measurement instrument is sufficiently small to detect the MCID.15 
In our study, the MDC was 11 points, therefore the MCID we determined was outside the 
measurement error of the questionnaire. Another limitation of the anchor-based method is 
the possibility of recall bias.27 Recall bias implies that patients are unable to recall their initial 
state at the time of injury. Recall bias was present in our study, illustrated by the low cor-
relation we found between the change in scores and the anchor questions; however, none 
of the patients gave contradicting answers (indicating worsening status in response to the 
anchor questions while their PRWE score had improved, or vice versa). The relatively short 
duration between measurements (8 weeks) might have contributed to this. An increased 
duration of followup in a study is associated with larger estimates of the MCID22, therefore 
we chose to limit the followup to 1 year, similar to that in a previous study on the MCID of 
the PRWE in patients with traumatic upper-extremity conditions.8 

The MCID for our patients was 11.5 points, which was lower than previously determined 
MCIDs. Three previous studies have examined the MCID of the PRWE. Schmitt and Di Fabio6 
reported a MCID of 24 points in a cohort of 211 patients, however their patients predomi-
nantly had shoulder pain, and the PRWE is not intended for patients with shoulder injuries. 
The second study, by Sorensen et al.8, included 102 patients with a traumatic upper-ex-
tremity conditions such as isolated tendinitis, arthritis, and nerve compression syndrome. 
The MCID in that study was 14 points. The third study included 31 patients who underwent 
ulnar-shortening osteotomy for ulnar impaction syndrome and the MCID was 17 points.7 
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APPENDIX

Characteristics of patients with and without prehensile grip strength as missing variable

Characteristics Missing (N=100) Non-missing (N=782)

Age 55 (39-68) 49 (31-63)

Female, No. (%) 59 (59.0) 473 (60.5)

Patients with distal radius fracture, No. (%) 57 (57.0) 327 (41.8)

Patients with other wrist fracture than distal radius No. (%)a 13 (13.0) 73 (9.3)

Patients with multiple wrist fractures No. (%)b 2 (2.0) 9 (1.2)

Complete cases 92 (92.0) 753 (96.3)

Treatmentc

Expectant 5 (5.0) 61 (7.8)

Compression bandage 8 (8.0) 159 (20.3)

Plaster immobilisation 48 (48.0) 385 (49.2)

Reduction and plaster immobilisation 30 (30.0) 146 (18.7)

Primary operative 9 (9.0) 26 (3.4)

Unknownd 0 5 (0.6)

a. Patient without a distal radius fracture but with an isolated fracture of the ulna or one of the carpal bones.

b. Patients that sustained a fracture of distal radius and one of the carpal bones.

c. Patients with and without fractures

d. Not recorded in patients files

APPENDIX
Chapter 2

Number of patients with missings according to variable

Variables Derivation cohorta 

(n = 487), No. (%)
Validation cohortb 
(n = 395), No. (%)

Complete cases 407 (83.6) 320 (81.0)

Age 0 0

Sex 0 0

Mechanism of injury 0 0

Swelling of distal radius 1 (0.2) 2 (0.5)

Visible deformation 4 (0.8) 7 (1.8)

Distal radius tender to palpation 0 (0.6) 1 (0.3)

Dorsiflexion 3 (0.6) 2 (0.5)

Palmar flexion 3 (0.6) 7 (1.8)

Supination 3 (0.6) 3 (0.8)

Pronation 3 (0.6) 4 (1.0)

Ulnar deviation 3 (0.6) 5 (1.3)

Radial deviation 3 (0.6) 8 (2.0)

Radioulnar ballottement test 16 (3.3) 17 (4.3)

Axial compression of forearm 11 (2.3) 14 (3.5)

Prehensile grip strength 55 (11.3) 45 (11.4)

Distal radius fracture (outcome) 0 0

a. Data from the academic hospital.

b. Data from the other four hospitals.
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APPENDIX

Appendix 2: Missing variables

Missing variables Amount (%)

Swelling of distal radius present 1 (0.1)

Swelling of distal ulna present 32 (4.1)

Swelling of anatomical snuffbox 2 (0.3)

Visible deformation 0 

Bone tenderness distal radius 2 (0.3)

Bone tenderness distal ulna 3 (0.4)

Bone tenderness anatomical snuffbox 3 (0.4)

Dorsiflexion painful 3 (0.4)

Palmar flexion painful 4  (0.5)

Supination painful 3 (0.4)

Pronation painful 3 (0.4)

Ulnar deviation painful 4  (0.5)

Radial deviation painful 5 (0.6)

Radioulnar ballottement test painful 25 (3.2)

Axial compression of forearm 25 (3.2)

Prehensile grip strength 98 (12.5)

Chapter 3
Appendix 1: Clinical Variables of the CRF

Sex

Age

Swelling of distal radius                              

Swelling of distal ulna

Swelling of anatomical snuff box

Visible deformation

Bone tenderness 
distal radius
distal ulna
anatomical snuff box

Active mobility painfula
dorsiflexion 
palmar flexion
supination  
pronation
ulnar deviation
radial deviation

Functional tests painfula
radio ulnar ballottement testb
axial compression of forearm 

Prehensile grip strengthc

a. Items were scored positive if the patient experienced pain, if they were unable to perform the test or if they 

refused to perform the test.   

b. Test is positive if pain or tenderness occurs when the ulna is translated from volar to dorsal while the radius 

manually fixated.

c. Both sides assessed three times with a Baseline Hydraulic Hand Dynamometer, expressed in percentage of 

decrease in grip strength between the healthy and the mean affected side.
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APPENDIX

Appendix 3: Interaction of the variables
Swelling 
of distal 
radius

Swelling 
of distal 
ulna

Swelling of 
anatomical 
snuff box

Defor-
mation

Bone 
tenderness 
distal radius

Bone 
tenderness
distal ulna

Bone tenderness 
anatomical snuff 
box

Dorsi 
flexion

Palmar 
flexion

Supination Pronation Ulnar 
deviation

Radial 
deviation

Radio ulnar 
ballottement 
test

Swelling of distal ulna 141

Swelling of anatomical snuff box 48 22

Deformation 50 35 11

Bone tenderness distal radius 342 146 56 55

Bone tenderness distal ulna 175 147 32 43 346

Bone tenderness anatomical snuff 
box 90 33 59 15 178 102

Dorsiflexion 319 162 65 55 561 351 193

Palmar flexion 267 137 60 48 487 307 176 531

Supination 274 141 51 55 489 306 154 490 439

Pronation 258 131 47 49 464 291 148 465 426 489

Ulnar deviation 295 144 54 52 453 311 167 485 451 427 416

Radial deviation 294 141 61 54 510 301 182 524 479 450 433 471

Radio ulnar ballottement test 263 135 54 49 464 295 148 446 400 391 377 383 405

Axial compression of forearm 253 121 50 48 450 277 161 442 405 372 364 387 417 369
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Pati ent 2: boy, 10 years old, buckle fracture of the distal radius.

APPENDIX

Appendix 4:
Radiographs of pati ents with a potenti ally missed fracture aft er applying the Amsterdam 
Paediatric Wrist Rules in the external validati on cohort.

Pati ent 1: boy, 15 years old, buckle fracture of the distal radius.
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Pati ent 4: boy, 10 years old, buckle fracture of the distal radius.

APPENDIX

Pati ent 3: boy, 12 years old, subtle buckle fracture of the distal radius.



212 213

Pati ent 6: boy, 10 years old, buckle fracture of the distal radius.

APPENDIX

Pati ent 5: boy, 11 years old, fracture of the distal radius with buckle component dorsal.
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Chapter 4

Box 1. Search string
Medline:
(((radius[Title/Abstract]) OR radial[Title/Abstract]) AND ((distal[Title/Abstract]) AND frac-
ture*[Title/Abstract])) OR ((radius fracture[MeSH Terms]) AND distal[Title/Abstract]) OR 
(colles fracture[MeSH Terms]) OR (((((((((((((((colles'[Title/Abstract] OR colles[Title/Ab-
stract]) OR barton[Title/Abstract]) OR bartons[Title/Abstract]) OR barton's[Title/Abstract]) 
OR hutchinson[Title/Abstract]) OR hutchinsons[Title/Abstract]) OR hutchinson's[Title/Ab-
stract]) OR chauff eur[Title/Abstract]) OR chauff eurs[Title/Abstract]) OR chauff eur's[Title/
Abstract]) OR smith[Title/Abstract]) OR smiths[Title/Abstract]) OR smith's[Title/Abstract]) 
OR wrist[Title/Abstract]) AND (fracture*[Title/Abstract]))) AND (((unstable) OR instability) 
OR instable)

EMBASE:
radius.ti ,ab OR radial.ti ,ab AND distal.ti ,ab AND fracture OR
colles.ti ,ab OR colles’.ti ,ab OR barton.ti ,ab OR bartons.ti ,ab OR barton’s.ti ,ab OR Hutchinson.
ti ,ab OR hutchinsons.ti ,ab OR hutchinson’s.ti ,ab OR chauff eur.ti ,ab OR chauff eurs.ti ,ab OR 
chauff eur’s.ti ,ab OR smith.ti ,ab OR smiths.ti ,ab OR smith’s.ti ,ab OR wrist.ti ,ab AND fracture.
ti ,ab OR Exp wrist fracture/ Exp colles fracture/Exp radius fracture/ AND distal AND (instable 
or unstable or instability).af

Cochrane:
radius.ti ,ab,kw OR radial.ti ,ab,kw AND distal.ti ,ab,kw AND fracture OR Colles fracture*.
ti ,ab,kw OR colles’ fracture*.ti ,ab,kw OR barton fracture*.ti ,ab,kw OR bartons fracture*.
ti ,ab,kw OR barton’s fracture*.ti ,ab,kw OR Hutchinson fracture*.ti ,ab,kw OR hutchinsons 
fracture*.ti ,ab,kw OR hutchinson’s fracture*.ti ,ab,kw OR chauff eur fracture*.ti ,ab,kw OR 
chauff eurs fracture*.ti ,ab,kw OR chauff eur’s fracture*.ti ,ab,kw OR smith fracture*.ti ,ab,kw 
OR smiths fracture*.ti ,ab,kw OR smith’s fracture*.ti ,ab,kw OR wrist fracture*.ti ,ab,kw OR 
distal radius fracture* AND  (instable or unstable or instability)

APPENDIX

Pati ent 7: boy, 9 years old, buckle fracture of the distal radius.
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Chapter 9

Search string

MEDLINE
((((((((displac*[tiab] OR redisplac*[tiab] OR dislocat*[tiab] OR redislocat*[tiab] OR in-
stab*[tiab] OR unstab*[tiab] OR loss of reduction[tiab] OR loss of posit*[tiab]))))))) AND 
(((((((("Colles' Fracture"[Mesh] OR colles fracture*[tiab] OR wrist fracture*[tiab] OR (oblique 
fracture*[tiab] AND radial[tiab]) OR barton fracture*[tiab] OR smith fracture*[tiab] OR 
hutchinson fracture*[tiab] OR chauffeur fracture*[tiab])))))OR (((((radius[Title/Abstract]) 
OR radial[Title/Abstract])) AND (((((distal[Title/Abstract]) AND fracture*[Title/Abstract])) OR 
((distal[Title/Abstract]) AND radius fracture[MeSH Terms])))))))))

EMBASE
((displac* or redisplac* or dislocat* or redislocat* or instab* or unstab* or loss of reduction 
or loss of posit*).ti,ab.) and ((((radius or radial).ti,ab.) and (((distal and fracture*).ti,ab.) or 
(distal.ti,ab. and radius fracture/))) or ("Colles' Fracture"/ or colles fracture*.ti,ab. or wrist 
fracture*.ti,ab. or (oblique fracture* and radial).ti,ab. or barton fracture*.ti,ab. or smith 
fracture*.ti,ab. or hutchinson fracture*.ti,ab. or chauffeur fracture*.ti,ab.)) ((displac* or 
redisplac* or dislocat* or redislocat* or instab* or unstab* or loss of reduction or loss of 
posit*).ti,ab.)
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APPENDIX

Table 1. Quality assessment according to QUIPS tool
First author Bias due to study

participation
Bias due to study attrition Bias due to prognostic 

factor measurement
Bias due to confounding Bias due to analysis Bias due to outcome measure-

ment

Abbaszadegan

Moderate (eligibility criteria 
and recruitment not described. 
Not clear if patients without 
initial anatomical reduction were 
excluded)

Moderate (attrition not 
reported)

Low (measurements 
illustrated, although 
definition of dorsal 
compression is unclear)

Low (all major predictors were 
tested)

Moderate (only univariate analyses 
were performed, analysis done 
seems linear regression although 
outcome was binary) 

Moderate (used combined out-
come and did not clearly describe 
definitions, duration of follow-up 
adequate)

Adolphson

Moderate (eligibility criteria 
and recruitment not described. 
Not clear if patients without 
initial anatomical reduction were 
excluded)

Moderate (attrition not 
reported)

Low (measurements 
illustrated)

Low (all major predictors were 
tested)

Moderate (an algorithm was test-
ed that was not described)

Moderate (used combined out-
come and did not clearly describe 
definitions, duration of follow-up 
adequate)

Alemdaroglu
Moderate (not clear if patients 
without initial anatomical reduc-
tion were excluded)

Low Low (measurements 
described)

Low (all major predictors were 
considered)

Moderate (univariate analysis not 
adjusted for other factors)

Low (outcome clearly defined and 
adequate follow-up)

Altissimi Moderate (eligibility and recruit-
ment not described)

Moderate (attrition not 
reported)

Moderate (measure-
ments partly described)

Moderate (age was not consid-
ered)

Moderate (univariate analysis not 
adjusted for other factors) High (outcome was not defined)

Bartl Low Low 

Moderate (prognostic 
factor was AO fracture 
type determined by a 
single surgeon)

Moderate (predictors were not 
investigated in this study but 
observed in the conservative 
treatment arm)

Moderate (unadjusted relative 
risk) High (outcome was not defined)

Benoist NA (no clinical data described) NA (no clinical data 
described)

NA (no clinical data 
described)

High (prognostic factor was merely 
described) NA (no clinical data described) NA (no clinical data described)

Beumer Moderate (eligibility not de-
scribed) Low 

Moderate (measure-
ments not defined or 
described)

Moderate (age was not consid-
ered)

Moderate (analysis not clearly 
described)

Moderate (outcome defined but 
follow-up not reported)

Blakeney Low Low Low Moderate (only inadequate reduc-
tion was considered) 

Moderate (univariate analysis not 
adjusted for other factors)

Moderate (combined outcome 
as either poor radiologic result or 
progression to surgery)

Camelot Low Low Low Low (most important predictors 
were considered)

Moderate (type of analysis not 
reported) Low

Clayton
Moderate (not clear if patients 
without initial anatomical reduc-
tion were excluded)

Low Low Low Low 
High (outcome was not observed 
instability but instability calculated 
with algorithm)

Einsiedel

High (eligibility criteria, re-
cruitment and treatment not 
described. Not clear if patients 
without initial anatomical reduc-
tion were excluded)

Not reported Low Low (most important predictors 
were considered)

Moderate (univariate correlations 
without adjusting for other factors) Low

Fenyo
Moderate (not clear if patients 
without initial anatomical reduc-
tion were excluded)

Not reported

High (investigated 
result of primary reduc-
tion as predictor but 
this was not defined)

High (only result of primary reduc-
tion and immobilisation technique 
were considered)

High (analyses not described) High (outcome not defined)

Hove
High (excluded patients with 
a second reduction during the 
immobilisation period) 

Not reported Low Low (most important predictors 
were considered) Low (multivariate analyses) Low



First author Bias due to study
participation

Bias due to study attrition Bias due to prognostic 
factor measurement

Bias due to confounding Bias due to analysis Bias due to outcome measure-
ment

Kulej Moderate (eligibility criteria and 
recruitment not described) Not reported Moderate (measure-

ments partly described)
Moderate (only AO type was 
considered)

Moderate (univariate analysis not 
adjusted for other factors)

High (outcome undefined, dura-
tion of follow-up not reported)

Lafontaine Moderate (eligibility criteria not 
described) Low Low Low (several important predictors 

considered)
Moderate (univariate analysis not 
adjusted for other factors)

High (outcome was result on 
Stewart score [a summation of 
points for DA, radial angle and 
radial length]) 

LaMartina Low Low Low Low (several important predictors 
considered)

Moderate (multivariate analysis 
but unclear with which factors, 
coefficients not reported and 
referred to as correlations)

Low

Leone Low Not reported
Moderate (meas-
urements were not 
defined)

Low (several important predictors 
considered)

Moderate (type of regression 
analysis unclear) Low

Mackenney Low Low Low Low Low Low

Makhni
Moderate (not clear if patients 
without initial anatomical reduc-
tion were excluded)

Not reported Low Low (several important predictors 
considered)

Moderate (univariate analysis not 
adjusted for other factors) Low

Myderrizi
Moderate (excluded early unsta-
ble fractures that lost reduction
within one week)

Not reported Moderate (measure-
ments not described)

Low (several important predictors 
considered)

Moderate (univariate analysis not 
adjusted for other factors) High (outcome not clearly defined)

Nesbitt Moderate (patients with <3 insta-
bility factors were excluded) Low Low Low Low Low

Oskarsson Low Low Moderate (measure-
ments not described)

High (several important predictors 
not considered)

High (univariate analysis not 
adjusted for other factors, signifi-
cance reported but corresponding 
p-values not)

High (outcome was defined as 
poor functional outcome)

Phillips Moderate (inclusion criteria 
unclear) Not reported Moderate (measure-

ments not described) Low Moderate (univariate analysis not 
adjusted for other factors)

High (outcome unclear, seems 
combined outcome of early insta-
bility or need for surgery [unde-
fined]. Not clear to which outcome 
the reported results refer)

Porter Low Low Low Moderate (only a few predictors 
considered)

High (predictors studied are 
reported to not predispose to 
redisplacement, but no mentioned 
of the statistical tests or results is 
made

Moderate (instability was not 
primary outcome of study)

Robin
Moderate (not clear if patients 
without initial anatomical reduc-
tion were excluded)

Low Moderate (measure-
ments not described)

Moderate (only T-scores were 
considered)

Moderate (univariate analysis not 
adjusted for other factors)

Moderate (loss of reduction was 
expressed as formula proposed 
by the authors and therefore not 
validated) 

Tahririan
Moderate (patients with <3 insta-
bility factors were excluded, dura-
tion of immobilisation unclear)

Low

Moderate (measure-
ments not described 
and unclear if loss of 
radial height and incli-
nation were defined as 
relative to uninjured 
side)

Low (most important predictors 
were considered) Low Low

Wadsten

High (it seems that patients with-
out initial anatomical reduction 
who went on to surgery were 
included and analyzed, duration 
of immobilisation unclear)

Low Moderate (not all 
predictors defined)

Moderate (age was not consid-
ered) Low Moderate (definition of outcome is 

not described)
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THESIS SUMMARY AND FUTURE PERSPECTIVES

tients with acute wrist trauma for radiography. 

In Chapter 3, we aimed to derive and externally validate a similar clinical decision rule for 
paediatric patients with wrist trauma and named it the Amsterdam Paediatric Wrist Rules 
(APWR). We analyses a total of 787 children; 408 in the derivation cohort and 379 in the 
validation cohort. A prediction model was derived with six variables: age; swelling of the 
wrist; visible deformation; distal radius tender to palpation; anatomical snuffbox tender to 
palpation and painful or abnormal supination. The model showed good discriminative abil-
ity (AUC 0.79, 95% CI: 0.76- 0.83) at external validation. If the APWR had been applied to 
the external validation cohort, its sensitivity and specificity would be 95.9% (95% CI: 91.7% 
- 98.0%) and 37.3% (95% CI: 31.0% - 44.1%) respectively. The use of the APWR would have 
resulted in a 22% absolute reduction of radiographs, however at the cost of missing a frac-
ture (without therapeutic consequences) in 4.3% of the patients. We concluded that the 
Amsterdam Pediatric Wrist Rules can provide a valuable tool for physicians to decide if radi-
ography in children after wrist trauma is required. Implementation of the APWR may avoid 
unnecessary waiting time for children and result in a reduction of radiation exposure.

PART 2: TREATMENT
Treatment of distal radius fractures is a popular area of research, especially in patients with 
unstable distal radius fractures for whom the optimal treatment remains inconclusive. How-
ever, to appreciate the findings of studies that enrolled patients with unstable distal radi-
us fractures, it should be clear how the authors defined an unstable distal radius fracture. 
In Chapter 4, we described a comprehensive systematic review to assess what the most 
common definition of an unstable distal radius fracture was in literature, and to examine if 
there is one preferred evidence-based definition for future authors. The search yielded 2489 
citations of which 479 studies were included. We found that of the 149 studies in which it 
was explicitly stated that patients with unstable distal radius fractures were enrolled, the au-
thors only provided a definition of what they considered an unstable distal radius fracture in 
81 studies (54%). Moreover, there was an abundance of definitions circulating in literature: 
overall we found 143 different definitions for unstable distal radius fractures. The seven 
most common definitions were: displacement following adequate reduction; Lafontaine’s 
definition; irreducibility; an AO type C2 fracture; a volarly displaced fracture; Poigenfürst’s 
criteria and Cooney’s criteria. Only Lafontaine’s definition originated from a clinical study 
(Level of Evidence IIIb). We concluded that none of the definitions stood out as the pre-
ferred choice. 

In addition to a substantial amount of variation in definitions used in literature, variation is 
also present in the actual treatment of distal radius fractures. In Chapter 5 we performed a 
study to examine the variation in surgical treatment rate across all Dutch hospitals. There-
fore we obtained all reimbursement data for the treatment of distal radius fractures catego-
rised by hospital for a period of two years. This resulted in a total of 95,754 reimbursements; 

THESIS SUMMARY 
Wrist trauma is one of the most common Emergency Department attendances. Around 
40%-50% of the patients with wrist trauma has sustained a distal radius fracture. Annually, 
this amounts to 286 distal radius fractures per 100,000 persons. Although a distal radius 
fracture might appear to be a quite innocent condition, immobilisation of the wrist causes 
substantial disability. This does not only affect the patient but also their family and friends. 
Moreover, insufficient treatment may result in definitive impairment of the wrist. 

This thesis aimed to improve diagnosis, treatment and prognosis of patients with wrist inju-
ry. To this end, we performed several multicentre prospective and retrospective studies that 
focussed on diagnosing wrist fractures, treating distal radius fractures and determining the 
prognosis of distal radius fractures.

PART 1: DIAGNOSIS
In Chapter 1, we performed a multicentre cross-sectional observational study in five Emer-
gency Departments and included all consecutive adult patients with wrist trauma. Physi-
cians were asked to perform a standardized examination of the wrist and to subsequently 
indicate the probability of a distal radius fracture. We found that physicians were able to 
accurately discriminate between patients with and without a distal radius fracture based on 
their physical findings. Despite this, the majority of the 924 included patients were referred 
for radiography (99.6%). We concluded that a validated clinical decision rule could reinforce 
physician’s clinical judgment and support them in their decision not to routinely request 
radiography.

The aim of Chapter 2 was to derive and externally validate such a clinical decision rule for 
adult patients with wrist trauma. We performed a multicentre prospective study that con-
sisted of three components: (1) derivation of a clinical prediction model for detecting wrist 
fractures in patients following wrist trauma; (2) external validation of this model; and (3) 
design of a clinical decision rule. A total of 882 patients was analysed; 487 in the derivation 
cohort and 395 in the validation cohort. Subsequently, we derived a clinical prediction mod-
el with eight variables: age; sex, swelling of the wrist; swelling of the anatomical snuffbox, 
visible deformation; distal radius tender to palpation; pain on radial deviation and painful 
axial compression of the thumb. The Area Under the Curve (AUC) at external validation of 
this model was 0.81 (95% CI: 0.77 - 0.85). 

We named this clinical decision rule the Amsterdam Wrist Rules (AWR). If the AWR had been 
applied in the external validation cohort, its sensitivity for detecting fractures of the wrist 
would be 98% (95% CI: 95% - 99%) and its specificity 21% (95% CI: 15% - 28%). The negative 
predictive value would be 90% (95% CI: 81% - 99%). Use of the AWR could result in a 10.4% 
absolute reduction in X-rays requested. We concluded that the Amsterdam Wrist Rules can 
provide physicians in the Emergency Department with a useful screening tool to select pa-
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described a case series of eight patients who were treated with a computer-assisted 3-D 
planned corrective osteotomy. We analysed the postoperative residual malpositioning on 
3-D reconstructions that were expressed in six positioning parameters (three translations 
along three orthogonal axes and three rotations about these axes). In this small case series, 
dorsopalmar tilt was significantly improved (p = 0.05). However, ulnoradial shift was wors-
ened by the correction osteotomy (in 6 of 8 cases). Postoperative 3-D evaluation revealed 
improved positioning parameters for patients in axial rotational alignment radial inclination, 
proximodistal shift and volodorsal shift, although the group was not large enough to reach 
statistical significance. All but one patient experienced improved range of motion. We con-
cluded that computer assisted 3-D planning can ameliorate alignment of radial malunions, 
especially in rotational deformity.  

PART 3: PROGNOSIS
To help surgeons to inform patients on chances of success of closed treatment and facilitate 
shared-decision making, it is important to consider prognostic factors for patients with distal 
radius fractures. In Chapter 9, we performed a systematic review and meta-analysis to pro-
vide an overview of risk factors secondary displacement in distal radius fractures. The initial 
search yielded 3178 studies of which 27 were included in the systematic review. Multiple 
studies found that age, shortening, loss of radial inclination and AO type 3 fractures (A3, B3, 
C3) were significant predictors of secondary displacement. Conversely, the mechanism of 
trauma, energy of the injury, the Frykman classification, intra-articular involvement, radial 
shift and an associated ulnar styloid fracture were found non-significant predictors of sec-
ondary displacement. For sex, dorsal comminution and dorsal angulation, the studies seem 
inconclusive. 

Because the majority of studies in distal radius fracture research regard relatively small sam-
ple-sizes, we decided to pool the odds ratios of the predictors in a meta-analysis. We were 
able to pool the odds ratios of seven predictors and found a significantly increased risk of 
secondary displacement in fractures with dorsal comminution and in female patients. Addi-
tionally, the pooled results confirmed the importance of age demonstrating a significantly 
increased risk of secondary displacement of distal radius fractures in patients older than 60-
65 years. Our results did not show an increased risk of secondary displacement for fractures 
with intra-articular involvement, nor for fractures with an associated ulnar styloid fracture.

Another method to review the radiological prognosis of a patient is by using a clinical pre-
diction model that predicts the probability of secondary displacement. In Chapter 10, we 
performed a retrospective cohort study to externally validate an existing clinical predic-
tion model in our patient population with displaced distal radius fractures. We included 99 
patients who had been treated conservatively. Early secondary displacement (within two 
weeks) occurred in 61 patients (62%). Unfortunately, the performance of the model was dis-
appointing with an AUC of 0.53 (95% CI: 0.41 - 0.64), indicating poor discrimination. The sen-

THESIS SUMMARY AND FUTURE PERSPECTIVES

49,615 in 2012 and 46,139 in 2013. We found that the operative rate across hospitals ranged 
from 0% to 23%. Hospital type, the percentage of females, the percentage of patients over 
65, the mean age, the average socioeconomic status of the patients treated and the total 
number of patients treated explained only 2.6% of the observed differences in the operative 
rate among hospitals in 2012, and 11.6% in 2013 (adjusted R squared = 0.026 and 0.116). 
Except for the mean age in 2013, none of these variables was independently related to the 
operative rate. We concluded that there is a considerable variation in the treatment of distal 
radius fractures across the country, which cannot completely be explained by the hospital 
type and characteristics of the patient population. 

One of the surgical treatment methods for distal radius fractures is a bridging external fixa-
tion. This technique relies on ligamentotaxis to obtain and maintain fracture alignment. In 
Chapter 6, we performed a meta-analysis that compared functional outcome after bridg-
ing external fixation with volar locked plating in patients with unstable distal radius frac-
tures. Functional outcome was defined by the Disability of the Arm Shoulder and Hand 
Score (DASH). The literature search yielded 197 results, of which three studies involving 174 
patients were included. We found that patients treated with a volar locking plate showed 
significantly lower (better) DASH scores at all times. This was a difference of 16 (p = 0.006), 
six (p = 0.008) and eight points (p = 0.06) was found at three, six and 12 months follow-up, 
respectively. We concluded that patients treated with a volar locking plate showed signifi-
cantly better functional outcome scores throughout the entire follow-up than patients treat-
ed with bridging external fixation.

Another treatment option for displaced distal radius fractures is closed reduction and plas-
ter immobilisation. Although, recently the use of internal fixation (ORIF) with a volar locking 
plate plates has become more popular, no evidence yet exists to support volar locking plates 
over closed reduction and plaster immobilisation. Therefore, we started the VIPER-trial and 
described its design in Chapter 7. The VIPER-trial is a multicentre randomised controlled 
trial designed to compare functional outcome after closed reduction followed by plaster 
immobilisation versus internal fixation (ORIF) with a volar locking plate for patients with dis-
placed extra-articular distal radius fractures. The VIPER-trial is currently running in 19 Dutch 
hospitals and more than two thirds of required sample-size has been included. The primary 
outcome measure is wrist function, assessed with the DASH score and the Patient-Rated 
Wrist Evaluation score (PRWE). The results of the VIPER-trial will finally provide a definite 
answer for the optimum treatment of patients with displaced extra-articular distal radius 
fractures. If similar functional results are achieved with both treatment types, the results of 
the parallel economic evaluation study might prove to be decisive. 

A possible compilations following inadequate treatment of a distal radius fracture is a mal-
union, resulting in pain and loss of function. Careful preoperative planning of a correction 
osteotomy to restore anatomy is essential to optimise functional outcome. In Chapter 8, we 



228 229

calls for a standardized and transparent reporting of outcomes of different health care pro-
viders. Health care insurance companies already require some providers to transparently re-
port the clinical outcomes they achieve. The considerable variation in the treatment of distal 
radius fractures should especially urge providers to systematically collect patient-reported 
outcomes of their patient population in order to benchmark their quality of care. 

Third, the results of the VIPER-trial will solve many of the so far unanswered questions re-
garding the treatment of patients with displaced extra-articular distal radius fractures. The 
results of its sequel and equivalent study, the VIPAR trial, will provide these answers for 
patients with intra-articular distal radius fractures. Should both surgical and conservative 
treatment turn out to achieve similar acceptable results, the costs might prove to be of par-
amount importance. Since the direct costs of operative fixation of distal radius fractures are 
approximately tenfold that of conservative treatment, health insurance companies might 
narrow the indications for which they reimburse surgical treatment. Nevertheless, a possi-
ble earlier return to work after operative fixation should also be considered when evaluating 
costs. These costs could surmount the direct costs of surgical fixation from a societal point of 
view. The economic evaluation that runs parallel to both the VIPER-trial and the VIPAR-trial 
will provide more insight into these issues. 

Fourth, the use of computer-assisted 3-D planned corrective osteotomies for treatment of 
malunions of the radius is still in its infancy. Accurate pre-operative planning does not al-
ways result in equally accurate post-operative reconstruction. Further development is re-
quired to improve transferral of the planned position into post-operative results. Moreover, 
computer-assisted technology is currently mainly applied in patients with complex deforma-
tions. This renders comparison of clinical outcomes to the results of conventional corrective 
osteotomies for less complex malunions an intricate endeavour. Once the technique has 
been optimised, a computer-assisted 3-D planning might become standard of care for all 
patients with corrective osteotomies. 

Finally, as the importance of patient-reported outcome measures is increasing, so should 
the number of studies that have determined the minimum clinically important difference 
(MCID) in various populations. Future sample-size calculations on studies with distal radius 
fractures should not be based on predetermined arbitrary differences in PRWE score, but 
rather on the minimum clinically important difference. The MCID should also be used as a 
tool when comparing health care outcomes among providers. Therefore, health care insur-
ance companies should encourage providers and researchers to determine the MCIDs for 
various patient populations. This will help ensure that not statistics, but rather patients’ 
perception of the quality of the health care they received is of paramount importance.     

THESIS SUMMARY AND FUTURE PERSPECTIVES

sitivity and specificity were 1.6% (95% CI: 0.9% - 9.9%) and 94.7% (95% CI: 80.9% - 99.1%) for 
correctly identifying an unstable fracture. We concluded that the model in its current form is 
unsuitable for a population other than the population from which it was derived.

Ultimately, secondary displacement does not always result in poor functional outcome. For 
this reason it is important to regard patient-reported outcome measures such as the DASH 
and the PRWE score. To interpret results expressed in patient-reported outcome scores, one 
should be aware of the minimal numeric change in score that constitutes a clinical change 
for the patient. This value is called the minimum clinically important difference (MCID). In 
Chapter 11, we determined the MCID of the PRWE for patients with distal radius fractures. 
We included 102 patients with a distal radius fracture and asked them to complete the 
PRWE questionnaire during each of two separate visits. At the second visit, patients were 
asked to indicate the degree of clinical change they appreciated since the previous visit. Ac-
cordingly, patients were categorized in two groups: (1) minimally improved or (2) no change. 
The groups were used to anchor the changes observed in the PRWE score to patients’ per-
spectives of what was clinically important. We found that the MCID of the PRWE for patients 
with distal radius fractures is 11.5 points. We recommend using this value as the smallest 
clinically relevant difference when evaluating the effects of treatments and when perform-
ing sample-size calculations on studies of distal radius fractures.

FUTURE PERSPECTIVES
The true effect of the clinical decision rules that were designed in Chapter 2 and Chapter 3 
can only be evaluated after their implementation. Do the Amsterdam Wrist Rules and the 
Amsterdam Paediatric Wrist Rules really result in a reduction of X-rays requested? Will pa-
tients still be satisfied with the care they have received? And will physicians be content with 
using the AWR and the APWR? These and other questions are the subject of the Amsterdam 
Wrist Rules implementation study that is currently being conducted. Should the AWR and 
APWR prove to be effective, a nationwide implementation in both General Practitioners’ 
office and Emergency Departments is indicated. We expect to have the results of the imple-
mentation study at the end of 2016.

Not only diagnosis, but also the treatment of distal radius fracture also requires further clar-
ification. First, a general consensus definition of what constitutes an unstable distal radius 
fracture could help to standardize future research. We are planning on conducting a Delphi 
study in an attempt to reach such a conclusion among experts in the field of upper extremity 
surgery.

Second, the substantial variation in treatment of patients with distal radius fractures in the 
Netherlands is a phenomenon that is hard to explain to the public. For an individual patient, 
the probability of receiving operative treatment seems to be driven more by a surgeon’s 
local beliefs and preferences than by scientific influences. This variation across the country 
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(95% BI: 81% - 99%). Het gebruik van de AWR zou geresulteerd hebben in een absolute 
vermindering van het aantal aangevraagde Röntgenfoto’s van 10,4%. Wij concludeerden 
dat de Amsterdam Wrist Rules een nuttig instrument is voor artsen om patiënten met acuut 
polstrauma te selecteren voor een Röntgenfoto. 

In Hoofdstuk 3 beschreven wij een vergelijkbare studie voor kinderen met polstrauma en 
noemden deze beslisregel de Amsterdam Paediatric Wrist Rules (APWR). Wij analyseerden 
in totaal 787 kinderen; 408 in het ontwikkelingscohort en 379 in het validatiecohort. Ver-
volgens leidden wij een klinisch predictiemodel af met zes variabelen: leeftijd; zwelling van 
de pols; standsafwijking, drukpijn over de distale radius, drukpijn over het tabatière ana-
tomique en pijnlijke of abnormale supinatie. Dit model toonde bij externe validatie een 
goed discriminerend vermogen (AUC 0.79, 95% BI: 0.76- 0.83). De regel had in het  externe 
validatie cohort een sensitiviteit van 95.9% (95% BI: 91.7% - 98.0%) en een specificiteit van 
37.3% (95% BI: 31.0% - 44.1%). Het gebruik van de APWR zou geresulteerd hebben in een 
vermindering van het aantal aangevraagde Röntgenfoto’s van 22%. Daarentegen zou gelijk-
tijdig 4,3% van de fracturen zijn gemist. Dit betroffen echter klinisch niet relevante fracturen 
en onderbehandeling zou geen therapeutische consequenties hebben gehad. 
 
Wij concludeerden dat ook de Amsterdam Pediatric Wrist Rules een nuttig screeningsinstru-
ment  is om kinderen met polstrauma te selecteren voor een Röntgenfoto. Implementatie 
van de APWR  heeft de potentie om de wachttijd voor kinderen te doen verminderen en 
resulteert in een vermindering van de stralenbelasting. 

DEEL 2: BEHANDELING
De behandeling van distale radius fracturen is een populair onderzoeksgebied. In het bij-
zonder geldt dit voor patiënten met een instabiele distale radius fractuur. Voor deze groep 
patiënten bestaat nog geen overtuigend bewijs van de optimale behandeling. Echter, om 
de bevindingen van de vele studies, die patiënten met een instabiele distale radius frac-
tuur hebben geïncludeerd op waarde te kunnen schatten, is het van belang dat auteurs het 
begrip “instabiele distale radius fractuur” duidelijk hebben gedefinieerd. In Hoofdstuk 4 
beschreven wij een grootscheeps literatuuronderzoek, waarin wij trachtten te bepalen wat 
de meest gebruikte definitie van een instabiele distale radius fractuur was in de literatuur. 
Daarnaast onderzochten wij of er een definitie werd gebruikt, die de voorkeur geniet voor 
toekomstige auteurs. De zoektocht leverden 2489 citaties op, waarvan 479 studies werden 
geïncludeerd. Wij vonden dat van de 149 studies, waarin expliciet werd vermeld dat pa-
tiënten met een instabiele distale radius fractuur waren geïncludeerd, de auteurs slechts 
in 81 studies (54%) een definitie gaven van wat zij als een instabiele distale radiusfractuur 
beschouwden. Bovendien was er een grote verscheidenheid aan definities: wij 143 verschil-
lende definities van een instabiele distale radius fractuur. De zeven meest voorkomende 
definities waren: dislocatie van de fractuur na adequate repositie, Lafontaine’s definitie, 
een niet reduceerbare fractuur, aan AO type C2 fractuur, een volair gedisloceerde fractuur, 

SAMENVATTING
Polstrauma is een van de meest voorkomende redenen voor een bezoek aan de Spoed-
eisende Hulp. Ongeveer 40% tot 50% van de patiënten met polstrauma heeft een distale 
radius fractuur opgelopen. Jaarlijks resulteert dit in 286 distale radius fracturen per 100.000 
personen. Hoewel een distale radius fractuur ogenschijnlijk een onschuldige aandoening is, 
veroorzaakt immobilisatie van de pols een aanzienlijke belemmering. Bovendien kan onjuis-
te of onvoldoende behandeling leiden tot blijvende schade aan het polsgewricht.

Het doel van dit proefschrift was om de diagnose, behandeling en prognose van patiënten 
met polstrauma te verbeteren. Daartoe hebben wij verschillende multicenter prospectieve 
en retrospectieve studies uitgevoerd die zich richtten op de diagnose, de behandeling en de 
prognose van distale radius fracturen. 

DEEL 1: DIAGNOSE
In Hoofdstuk 1 hebben wij een multicenter cross-sectionele observationele studie op vijf 
Spoedeisende Hulp afdelingen uitgevoerd en alle opeenvolgende volwassen patiënten met 
polstrauma geïncludeerd. Artsen werden gevraagd een gestandaardiseerd lichamelijk on-
derzoek van de pols te verrichten en aansluitend de waarschijnlijkheid op een distale radius 
fractuur aan te geven. Wij vonden dat artsen op basis van het lichamelijk onderzoek goed 
in staat waren om een onderscheid te maken tussen patiënten met en patiënten zonder 
een distale radius fractuur. Desondanks bleek het merendeel (99,6%) van de 924 patiënten 
doorverwezen voor een Röntgenfoto van de pols. Wij concludeerden dat een gevalideerde 
klinische beslisregel artsen kan ondersteunen bij de beslissing om niet routinematig voor 
iedere patiënt een Röntgenfoto aan te vragen. 

Het doel van Hoofdstuk 2 was om een dergelijke klinische beslisregel voor volwassen pati-
enten met polstrauma te ontwikkelen en extern te valideren. Wij verrichtten een multicen-
ter prospectieve studie die bestond uit drie onderdelen: (1) ontwikkeling van een klinische 
predictiemodel; (2) externe validatie van dit model; en (3) formuleren van een klinische 
beslisregel. In totaal werden er 882 patiënten geanalyseerd, waarvan 487 in het ontwikke-
lingscohort en 395 in het validatiecohort. Vervolgens leidden wij een klinisch predictiemo-
del af dat bestond uit acht variabelen: leeftijd; geslacht; zwelling van de pols; zwelling van 
de tabatière anatomique, standsafwijking, drukpijn over de distale radius, pijnlijke radiale 
deviatie en pijnlijke axiale compressie van de eerste straal. Bij de externe validatie bedroeg 
de oppervlakte onder de Receiver Operator Characteristics Curve (AUC), een maat voor hoe 
goed het model onderscheid kan maken tussen patiënten met en patiënten zonder een 
fractuur, 0.81 (95% Betrouwbaarheids Interval [BI]: 0.77 - 0.85). 

Wij noemden deze beslisregel de Amsterdam Wrist Rules (AWR). Het externe validatieco-
hort toonde een sensitiviteit van 98% (95% BI: 95% - 99%) en een specificiteit van 21% (95% 
BI: 15% - 28%) voor het detecteren van polsfracturen. De negatief voorspellende was 90% 
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de laatste jaren aan populariteit heeft gewonnen, bestaat er nog geen overtuigend bewijs 
dat behandeling met hoekstabiele volaire platen beter is dan gesloten repositie en gipsim-
mobilisatie. Om deze reden hebben wij de VIPER-trial opgezet, waarvan het ontwerp werd 
beschreven in Hoofdstuk 7. De VIPER-trial is een multicenter gerandomiseerd gecontro-
leerde trial, ontworpen om de functionele uitkomst na gesloten repositie gevolgd door gip-
simmobilisatie, te vergelijken met interne fixatie met een hoekstabiele volaire plaat in pa-
tiënten met een gedisloceerde extra-articulaire distale radius fractuur. De VIPER-trial loopt 
momenteel in 19 Nederlandse ziekenhuizen en meer dan twee-derde van de benodigde 
sample-size werd inmiddels geïncludeerd. De primaire uitkomstmaat is polsfunctie, geme-
ten met de DASH score en de Patient-Rated Wrist Evaluation score (PRWE). De resultaten 
van de VIPER-trial zullen een definitief antwoord geven op de vraag wat de optimale behan-
deling is voor patiënten met een gedisloceerde extra-articulaire distale radius fractuur. Als 
beide behandelingen gelijke functionele resultaten bereiken, zullen de resultaten van de 
parallelle economische evaluatie mogelijk doorslaggevend zijn. 

Een mogelijk gevolg van inadequate behandeling van een distale radius fractuur is een ma-
lunion, welke kan resulteren in pijn en functieverlies. Een nauwkeurige preoperatieve plan-
ning is essentieel om de functionele uitkomsten na een correctie-osteotomie te optimali-
seren. In Hoofdstuk 8 beschreven wij een serie van acht patiënten die werden behandeld 
met een computer-geassisteerde 3-D geplande correctie-osteotomie. Wij analyseerden de 
postoperatieve resterende malpositionering op 3-D reconstructies en drukten deze uit in 
zes positionerings parameters (drie translaties langs drie orthogonale assen en drie rotaties 
om deze assen). Wij constateerden in het merendeel van de patiënten een verbetering in 
de positionering parameters volaire kanteling, radiale inclinatie, radiale lengte en sagittale 
shift (volair - dorsaal), hoewel niet statistisch significant. De dorsopalmaire tilt afwijking was 
wel significant verbeterd na de ingreep (p=0.05). De ulnoradiale shift werd juist verslechterd 
door de correctie-osteotomie (in 6 van de 8 casus). Behoudens één, hadden alle patiënten 
een verbeterde range of motion. Wij concludeerden dat computer-geassisteerde 3-D plan-
ning de postoperatieve stand bij radiale malunions kan verbeteren, en in het bijzonder bij 
rotatieafwijkingen. 

DEEL 3: PROGNOSE
Om chirurgen te ondersteunen bij het informeren van patiënten over de kans op een suc-
cesvolle conservatieve behandeling is het van belang verschillende prognostische factoren 
in ogenschouw te nemen. In Hoofdstuk 9 beschreven wij een literatuuronderzoek en me-
ta-analyse waarin wij een overzicht gaven van belangrijke risicofactoren voor secundaire 
dislocatie in distale radius fracturen. De initiële zoektocht leverden 3178 citaten op waar-
van 27 studies werden geïncludeerd in het literatuuronderzoek. Meerdere studies hadden 
aangetoond dat leeftijd, verkorting, verlies van radiale inclinatie en AO type 3 fracturen (A3 
,B3, C3) significante voorspellers waren van secundaire dislocatie. Daarentegen waren het 
traumamechanisme, hoog energetisch trauma, de Frykman classificatie, intra-articulaire be-
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Poigenfürst’s criteria en Cooney’s criteria. Van deze zeven definities was alleen Lafontaine’s 
definitie afkomstig uit een klinische studie (Level of Evidence IIIb). Wij concludeerden dat 
geen van de gevonden definities een goede beschrijving geeft van een instabiele distale 
radius fractuur.

Naast een aanzienlijke variatie in verschillende definities die worden gebruikt in de litera-
tuur, is variatie ook aanwezig in de behandeling van distale radius fracturen. In Hoofdstuk 
5 onderzochten wij de variatie in het percentage operatief behandelde patiënten met een 
distale radius fractuur in alle Nederlandse ziekenhuizen. Daartoe verkregen wij alle vergoe-
dingsdata voor de behandeling van distale radius fracturen in Nederland voor een perio-
de van twee jaar, gecategoriseerd per ziekenhuis. Dit resulteerde in 95.754 vergoedingen; 
49.615 in 2012 en 46.139 in 2013. 

Wij constateerden dat de ratio’s patiënten die geopereerd werd per ziekenhuis varieerden 
van 0% tot 23%. Het type ziekenhuis, het percentage vrouwelijke patiënten, het percentage 
patiënten boven de 65, de gemiddelde leeftijd, de gemiddelde sociaal economische status 
en het totaal aantal behandelde patiënten verklaarden slechts 2,6% van de geobserveer-
de verschillen tussen ziekenhuizen in 2012 en 11.6% in 2013 (adjusted R squared = 0,026 
en 0,116). Behoudens de gemiddelde leeftijd van de patiënten in 2013, was geen van de 
bovengenoemde variabelen onafhankelijk gerelateerd aan de ratio geopereerde patiënten. 
Wij concludeerden dat er een aanzienlijke variatie is in de behandeling van patiënten met 
distale radius fracturen in Nederland, die niet volledig kan worden verklaard door het type 
ziekenhuis en karakteristieken van de patiëntpopulatie. 

Een van de chirurgische behandelmethoden voor distale radius fracturen is fixatie met een 
overbruggende fixateur externe. De werking van deze techniek berust op ligamentotaxis, 
waardoor de fractuurdelen in positie blijven. In Hoofdstuk 6 beschreven wij een meta-ana-
lyse waarin wij de functionele uitkomst na overbruggende fixateur externe vergeleken met 
een hoekstabiele volaire plaat in patiënten met een instabiele distale radius fractuur. De 
functionele uitkomst was uitgedrukt in the Disability of the Arm Shoulder and Hand Score 
(DASH). De zoektocht van de literatuur leverde 197 citaties op, waarvan drie studies konden 
worden geïncludeerd. Deze studies beschreven 174 patiënten. 
Wij constateerden dat patiënten die behandeld waren met een hoekstabiele volaire plaat 
op alle meetmomenten een significant lagere (betere) DASH score hadden. Dit verschil was 
16 punten (p = 0.006), zes punten (p = 0.008) en acht punten (p = 0.06) na drie, zes en 
12 maanden follow-up. Wij concludeerden dat patiënten die behandeld werden met een 
hoekstabiele volaire plaat een significant betere functie hadden gedurende de gehele fol-
low-up dan patiënten die behandeld werden met een overbruggende fixateur externe. 

Een andere behandelingsoptie voor patiënten met een gedisloceerde distale radiusfractuur 
is gesloten repositie gevolgd door gipsimmobilisatie. Hoewel de hoekstabiele volaire plaat 
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veerde verandering in PRWE score te verankeren aan wat klinisch belangrijk was vanuit het 
perspectief van patiënten. Wij constateerden dat de MCID van de PRWE voor patiënten met 
distale radius fracturen 11.5 punten is. Deze waarde is het kleinste verschil in de PRWE score 
die door patiënten als klinisch relevant wordt beschouw. Wij adviseren dan ook om dit getal 
in gedachte te houden bij het interpreteren van studieresultaten, en te hanteren als basis 
voor sample-size berekening van toekomstige studies. 

TOEKOMSTPERSPECTIEVEN
De ware effecten van de klinische beslisregel die in Hoofdstuk 2 en Hoofdstuk 3 zijn beschre-
ven kunnen pas geëvalueerd worden na hun implementatie. Resulteert het gebruik van de 
Amsterdam Wrist Rules en de Amsterdam Paediatric Wrist Rules werkelijk in een reductie 
van het aantal aangevraagde Röntgenfoto’s? Zijn patiënten nog steeds tevreden met de zorg 
die zij ontvangen? En zijn artsen die de AWR en de APWR gebruiken ook tevreden? Deze 
en andere vragen zijn het onderwerp van de Amsterdam Wrist Rules implementatie studie 
die momenteel loopt. Indien blijkt dat de AWR en de APWR effectief zijn, is een landelijke 
implementatie van de beslisregels op zowel de Spoedeisende Hulp als in de huisartsenprak-
tijk aangewezen. Wij verwachten eind 2016 de resultaten van de implementatiestudie te 
kunnen presenteren.

Niet alleen de diagnose, maar ook de behandeling van distale radiusfracturen vereist in de 
toekomst meer verduidelijking. Ten eerste zou een algemene consensus definitie van een 
instabiele distale radius fractuur kunnen bijdragen aan het standaardiseren van toekomstige 
studies. Wij werken momenteel aan een Delphi studie in een poging een dergelijke consen-
sus definitie onder experts op het gebied van de bovenste extremiteit te bereiken.

Ten tweede is de aanzienlijke variatie in de behandeling van patiënten met distale radius-
fracturen een fenomeen dat lastig uit te leggen is aan de maatschappij. Voor een individuele 
patiënt is de kans om geopereerd te worden aan een distale radiusfractuur meer gebaseerd 
op lokale gebruiken en voorkeuren van de chirurg dan op wetenschappelijke invloeden. 
Deze variatie in Nederland vereist een gestandaardiseerde en transparante rapportage van 
de uitkomstem van verschillende zorgaanbieders. Zorgverzekeraars vragen momenteel al 
enkele zorgaanbieders hun klinische resultaten transparant te maken. Juist de aanzienlijke 
variatie in de behandeling van patiënten met distale radiusfracturen zou  zorgaanbieders 
moeten aanzetten tot het systematisch verzamelen van patient-reported outcome measu-
res van hun patiëntenpopulatie om zo een benchmark te creëren van de kwaliteit van de 
door hun geleverde zorg. 

Ten derde zullen de resultaten van de VIPER-trial een oplossing bieden voor de vele, tot 
op heden onbeantwoorde, vragen over de optimale behandeling van patiënten met een 
gedisloceerde extra-articulaire distale radius fractuur. De resultaten van haar opvolger, de 
VIPAR-trial, zullen deze vagen voor patiënten met intra-articulaire distale radius facturen 
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trokkenheid, radiale shift en een geassocieerde fractuur van het processus styloideus ulnae 
geen significante voorspellers. Voor de factoren het vrouwelijk geslacht, dorsale comminu-
tie en dorsale angulatie waren de studies onbeslist. 

Omdat de meerderheid van de studies met patiënten met distale radius fracturen relatief 
kleine groepen betreft, besloten wij de odds ratios van de risicofactoren gezamenlijk te ana-
lyseren in een meta-analyse. We waren in staat om de odds ratios van zeven risicofactoren 
samen te voegen en een gewogen gemiddelde te berekenen. Hieruit bleek date er een sig-
nificant verhoogd risico is op secundaire dislocatie in patiënten met dorsale comminutie 
en in vrouwelijke patiënten. Bovendien bevestigde deze analyse het belang van leeftijd als 
risicofactor, want wij vonden ook  dat patiënten ouder dan 60-65 jaar een verhoogd risico 
hadden op secundaire dislocatie. Daarnaast toonden onze resultaten dat er geen verhoogd 
risico is bij fracturen met intra-articulaire betrokkenheid en ook niet bij aanwezigheid van 
een geassocieerde fractuur van het processus styloideus ulnae.

Een andere methode om de radiologische prognose van patiënten te bepalen, is met behulp 
van een klinisch predictiemodel dat de kans op secundaire dislocatie voorspelt. In Hoofd-
stuk 10 beschreven wij een retrospectieve cohortstudie waarin wij een bestaande klinisch 
predictiemodel extern valideerden in onze patiëntenpopulatie met gedisloceerde distale 
radius fracturen. Hiervoor includeerden wij 99 conservatief behandelde patiënten. In deze 
groep trad in 61 patiënten (62%) binnen 2 weken secundaire dislocatie op. Helaas pres-
teerde het predictiemodel teleurstellend in onze populatie. De AUC was 0,53 (95% CI: 0,41 
- 0,64), een waarde die aangeeft dat het model slecht kan discrimineren tussen patiënten 
waarin secundaire dislocatie zal optreden en patiënten waarbij dit niet zal optreden. De sen-
sitiviteit en specificiteit van het correct identificeren van een instabiele fractuur waren 1,6% 
(95% CI: 0,9% - 9,9%) and 94,7% (95% CI: 80,9% - 99,1%) respectievelijk. Wij concluderen dat 
het model in zijn huidige vorm niet geschikt is voor een populatie anders dan de populatie 
waaruit het is afgeleid.  

Uiteindelijk resulteert secundaire dislocatie niet altijd in een slechte functionele uitkomst. 
Om deze reden is het van belang ook patient-reported outcome measures zoals de DASH en 
de PRWE score in ogenschouw te nemen. Interpretatie van studieresultaten uitgedrukt in 
patient-reported outcome measures vereist echter bewustzijn van de minimale numerieke 
verandering in score die een klinisch verschil voor de patiënt vormt. Deze waarde wordt ook 
wel het minimaal klinisch relevante verschil genoemd (Engelse afkorting: MCID). In Hoofd-
stuk 11 bepaalden wij de MCID van de PRWE voor patiënten met distale radius fracturen. 
Wij includeerden 102 patiënten met een distale radius fractuur en legden hen op twee af-
zonderlijke momenten tijdens de follow-up de PRWE vragenlijst voor. Tijdens het tweede 
meetmoment vroegen wij patiënten om hun klinische voor- of achteruitgang sinds het vori-
ge bezoek aan te geven. Overeenkomstig werden patiënten in twee groepen ingedeeld: (1) 
minimaal verbeterd of (2) geen verandering. Deze groepen werden gebruikt om de geobser-



238

beantwoorden. Indien zowel chirurgische als conservatieve behandeling gelijke en accepta-
bele resultaten bereiken, zullen de kosten doorslaggevend zijn. Gezien de directe kosten van 
operatieve fixatie van distale radiusfracturen ongeveer het tienvoudige zijn van de conser-
vatieve behandeling, zullen zorgverzekeraars mogelijk de indicaties vernauwen waarvoor zij 
chirurgische therapie vergoeden. Echter, bij het evalueren van de kosten moet ook de moge-
lijk snellere hervatting van betaald werk na operatieve fixatie overwogen worden. Deze kos-
ten zouden vanuit een maatschappelijk oogpunt de directe kosten van chirurgische fixatie 
kunnen overstijgen. De economische evaluatie die parallel loopt aan zowel de VIPER-trial als 
de VIPAR-trial biedt mogelijk meer inzicht in dit vraagstuk. 

Ten vierde staat het gebruik van computer-geassisteerde 3-D geplande correctie-osteoto-
mie voor behandeling van malunions van de radius nog in de kinderschoenen. Een accurate 
preoperatieve planning leidt niet altijd tot even accurate postoperatieve reconstructie. Er is 
behoefte aan nieuwe ontwikkelingen die zich richten op het verbeteren van de overdracht 
van de geplande positie naar de postoperatieve resultaten. Dit kan bijvoorbeeld geeffectu-
eerd worden met aparte reductie mallen. Daarnaast wordt deze techniek momenteel voor-
namelijk toegepast bij patiënten met complexe deformaties. Dit bemoeilijkt de vergelijking 
met conventionele correctie osteotomieën. Zodra de techniek geoptimaliseerd is zou een 
computer-geassisteerde 3-D geplande correctie-osteotomieën de standaard kunnen wor-
den voor alle patiënten met een malunion.

Tot slot, met het toenemende belang van de patient-reported outcome measures in weten-
schappelijk onderzoek zou ook het aantal studies dat zich richt op het bepalen van de MCID 
in verschillende populaties moeten stijgen. Toekomstige sample-size berekeningen voor pa-
tiënten met distale radius fracturen kunnen niet meer slechts gebaseerd zijn op een vooraf 
bepaald arbitrair verschil in PRWE score, maar op het minimaal klinisch relevante verschil 
voor patiënten. De MCID zou daarnaast ook gebruikt moeten worden als instrument om 
zorguitkomsten onder verschillende zorgaanbieders te vergelijken. Hiertoe moeten zorgver-
zekeraars zorgaanbieders stimuleren de MCIDs te bepalen voor verschillende patiënten po-
pulaties. Dit zal ervoor zorgen dat niet statistieken, maar vooral de perceptie van patiënten 
van de kwaliteit van zorg doorslaggevend is. 
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merkingen (waarbij je soms lijkt te vergeten dat ik ook tot die groep behoor) en je mailtjes 
waarin je geen enkele leestekens gebruikt. Ik ben heel blij dat ik jou zes jaar geleden in het 
Erasmus MC heb ontmoet en we samen in het AMC onderzoek zijn gaan doen. Ik hoop dat 
ik zowel in de kliniek als in de wetenschap nog lang met je mag samenwerken en veel van je 
mag leren. Heel veel dank voor alles!  

Dr. Strackee, beste Simon, jij bent zo slim dat bijna niemand je praatjes op congressen be-
grijpt. Toch vertel je alles met zo’n enthousiasme en overtuiging dat iedereen luistert. Veel 
dank voor je ideeën, hulp en begeleiding.

Prof. dr. Maas, Prof. dr. van der Horst, Prof. dr. Kerkhoffs, Prof. dr. Steyerberg, Prof. dr. Brink 
en Prof. dr. Schipper, hartelijk dank dat u zitting wilt nemen in mijn promotiecommissie en 
voor uw kritische beoordeling van dit proefschrift.

Secretaresses van G4 en in het bijzonder Jacq, dank voor al je hulp en de gezellige momen-
ten!

Geachte Dr. Stouthard en overige leden van de AMC PhD Scholarship commissie 2012, har-
telijk dank voor het vertrouwen dat u destijds in mij hebt gesteld. De scholarship heeft mij 
onder andere de mogelijkheid om vele internationale congressen te bezoeken en een aantal 
maanden onderzoek te doen met bij de beste chirurgen van de Verenigde Staten in New 
York. Hiermee is mijn promotieperiode een fantastische levenservaring geworden!

Alle patiënten die hebben deelgenomen aan de onderzoeken van dit proefschrift en in het 
bijzonder aan de VIPER-trial. 
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