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GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

The wrist joint consists of the distal radius, distal ulna, and the carpal bones. In the 
majority of patients, when clinicians speak about wrist fractures, they mean distal 
radius fractures (DRFs). The most common cause of this type of injury is a fall on an 
outstretched hand.  In many patients, DRFs are clinically evident but they are always 
confirmed with plain radiographs and sometimes an additional computed tomography 
(CT).  DRFs account for approximately 17% of all fractures and are the most common 
fracture in adults seen in the Emergency Department.(1) Annual incidence in adults in 
the Netherlands varies between 3 and 3.6 per 1000 population with the majority oc-
curring in older women (over 50 years of age) after low energy trauma.(2) This variety 
is also influenced by the severity of the winter and the possibility of skating on natural 
ice in the Netherlands.(3) 

Depending on the severity of the fracture and certain patient characteristics, 
patients with DRFs can be treated non-operatively with cast or operatively. In the last 
decade, there has been a shift toward more invasive treatment of DRFs; both from 
non-operative to operative treatment as well as from closed reduction and external 
fixation to (volar) plating.(4-6) It is suggested that this shift is mainly industry driven 
and not supported by strong evidence, but it has significant financial implications.(7) 
In the Netherlands, 13% of all DRFs in adults are treated operatively. However, ope-
rative treatment of DRFs is responsible for about 50% of the hospital costs of treating 
DRFs.(2) 

There is currently a lack of consensus on the best treatment for certain types of 
DRFs. Recently, multiple randomized controlled studies have been published that did 
not show a clinically significant difference between different types of treatments for 
patients with DRFs.(8-11) However, many clinicians continue their surgical treatment 
since they are convinced that the outcome for their patients is better. Therefore, 
determining the most effective evidence-based treatments for DRFs is crucial. Rando-
mized controlled trials (RCTs) are increasingly becoming more common to answer this 
sort of clinical question.  To conduct best evidence clinical trials in DRF treatment and 
to exchange results globally in a standardized way, researchers need to use reliable in-
clusion criteria and validated outcome measures. These should ideally be determined 
prior to use, as the quality of such an instrument directly defines the quality of the in-
formation obtained with this instrument.(12) If outcomes are not determined prior to 
use, one risks imprecise or biased results, which might lead to misleading conclusions.
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(13)  The most common way to measure the quality of individual RCTs is the Cochrane 
Risk of Bias tool.  The Cochrane tool does not include an evaluation of the quality of 
outcomes nor of measurement instruments used to assess eligibility for a trial.  This 
means that researchers often overlook the possibility of unreliable or unvalidated (or 
insufficiently validated) measurement tools and how they can affect study results.  The 
focus of this thesis is on an underappreciated aspect of methodology: the quality of 
patient-reported outcome measures (PROMs) and assessment tools used for diagnosis 
and trial eligibility in patients with DRFs.

This thesis aims to answer the following questions:
• What is the influence of computed tomography on the reliability and accuracy of

classification systems for distal radius fractures? (Chapter 1)
• Can experienced surgeons predict the additional value of a CT scan in patients with

displaced intra articular distal radius fractures? (Chapter 2)
• Are validated outcome measures used in distal radius fracture studies truly valid?

(Chapter 3 and 4)
• What is the influence of spectrum bias on the intraobserver agreement of distal

radius fracture treatment plans? (Chapter 5)
• Are volar locking plates superior to percutaneous K-wires for dorsally displaced

distal radius fractures? (Chapter 6)

The best choice of treatment depends — to some extent — on the characteristics of 
the fracture (e.g. open/closed, non-displaced/displaced, extra-/intra-articular, etc.). 
The most commonly used classification systems in the literature that can classify any 
type of DRFs are the Frykman(14), Fernández(15), Universal(16), and AO/OTA clas-
sification(17).

The reliability, based on conventional radiographs, is poor for all classification 
systems.(18-22) Classifying the severity of fractures is especially important in clinical 
research, as the classified grade or type can be used as part of a study’s eligibi-
lity criteria. However, in order to apply the treatment recommendations arising from 
these trials, the applicable classification systems must also be used in daily practice. 
Given the low degree of reliability using conventional radiography alone for fracture 
classifications, supplemental information may be warranted for more accurate and 
reproducible evaluations. A CT scan could possibly add some information about the 
characteristics of the fracture. However, little is known about the influence of an ad-
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ditional CT scan on the reliability and accuracy of the available classification systems. If 
the reliability of the classification systems improves when using an additional CT scan, 
we expect that this will positively affect the usefulness of classification systems used 
for trial inclusion.

In Chapter 1 we will determine the intra- and inter-observer reliability of the most 
commonly used fracture classification systems, using both conventional radiography 
and conventional radiography with the addition of a CT in a representative clinical 
setting. Additionally, we determine the accuracy of the classification systems. Direct 
visualization through operative intervention would theoretically be the gold standard 
classification, but practically this is unrealistic. Both the volar and dorsal approach, 
which are used in the treatment of the majority of DRFs, do not provide an adequate 
view of the dorsal, volar and intra-articular comminuted fracture. We will use the CT 
scan as a reference standard instead of the “gold standard” to determine the accuracy 
of the classification systems using conventional radiography.(23)

The liberal use of CT scans in the management of DRFs, specifically for displaced 
intra-articular fractures, has become widely accepted as an additional imaging tool in 
pre-operative evaluation and planning.(24) In contrast to the shift to a more invasive 
treatment of DRFs, this change over the years is supported by previous literature. 
Furthermore, when a treatment plan is based on both X-ray and CT scan, a surgeon is 
more likely to treat the DRF patient surgically than when the treatment plan is based 
on X-ray alone.(25) Guidelines (e.g. AAOS, Dutch guidelines) have been developed to 
aid surgeons in decision making, but they are not clear about when to use an ad-
ditional CT scan for the treatment of DRFs.(26) Some surgeons have a low threshold 
to request a CT scan for displaced intra-articular DRFs while others rarely obtain a CT 
scan. In Chapter 2 we will investigate whether surgeons can predict the usefulness of 
a CT scan in patients with displaced intra-articular DRFs.

Historically, outcome assessment after DRFs has focused on imaging and physical 
examination (e.g. grip strength and range of motion). These assessments, however, 
do not represent the patients’ perspective as they do not take the patients’ feelings/
opinion or wellbeing into account, which might be more important for the patient.
(27) In the last two decades, the outcome assessment has shifted towards a patient-
centered approach. This approach assesses the outcome directly from the opinion of 
the patient. Outcomes such as pain and functional ability, which are highly relevant 
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for patients, can, for instance, be assessed by Patient Reported Outcome Measures 
(PROMs).(28) 

Currently, a wide variety of PROMs are available and used to assess patient repor-
ted functional outcomes for upper limb and wrist disorders.(29-41) It is common to 
conduct validation and reliability studies for PROMS, however, they are rarely ade-
quately validated in high-quality clinimetric studies.  Several (non-)systematic studies 
reviewed the existing literature in order to present the best available PROMs for asses-
sing wrist and hand function in general.(42-46) These conclusions were drawn based 
on the results of the available clinimetric studies, but these reviews did not evaluate 
the methodological quality of these studies.(26) In order to assess the methodological 
quality of a PROM, standards are needed.  The COnsensus-based Standards for the 
selection of health Measurement INstruments (COSMIN) group set these standards 
for adequate study design and statistical analysis.(12) In an international Delphi study, 
the COSMIN group also developed a checklist in which consensus was reached on 
terminology, definitions, and a taxonomy of measurement properties of PROMs.(13) 

 In Chapter 3 we therefore systematically review the methodological quality, using 
the COSMIN checklist, of the clinimetric studies that evaluated measurement proper-
ties of the available PROMs used in patients with DRFs. Based on the shortcomings 
shown in this review, in Chapter 4 we further examine which PROM has the best 
measurement properties for evaluation of functional outcome in patients with a DRF 
by using a high-quality design following the COSMIN standards. The results of this 
study might help us to determine which PROM is most appropriate for the evaluation 
of patients with DRFs.

Another common yet unrecognized methodological issue in DRF studies is a pheno-
menon called spectrum bias, defined as the bias inherent when investigators choose 
a population lacking therapeutic uncertainty for evaluation. Spectrum bias is an issue 
that especially affects orthopedic agreement studies.  Current studies on the additi-
onal benefit of using a CT scan to evaluate surgeon agreement on fracture treatment 
plans are inconsistent, varying from no agreement to almost perfect agreement. (5-7) 
In addition, the agreement on treatment plans did not even always improve when ad-
ding a CT scan compared to conventional radiographs alone. One explanation for these 
apparently inconsistent results in the literature may be attributed to differences in the 
chosen study population in these agreement studies. Ideally, the test results should be 
evaluated in a study population which is a perfect resemblance of the population of 
interest. If not, test results may be biased, as a result of spectrum bias. If a clinically 
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less appropriate population is chosen for a study of a diagnostic test, the results may 
seriously mislead clinicians.(47) In Chapter 5 we evaluate the potential influence of 
spectrum bias, and examine whether or not the agreement on treatment plans, with 
and without a CT scan, is related to the chosen population. 

In Chapter 6 we conduct a systematic review and meta-analysis of percutaneous 
Kirschner wire (PKW) fixation and plaster cast compared to volar locking plate (VLP) for 
displaced DRFs. We aim to compare functional outcome measures, range of motion, 
and complications between these two common surgical treatment options for DRFs.  
While answering the clinical question of which treatment is most favourable, we un-
cover examples of methodological shortcomings evident in the DRF literature.   This 
exemplifies the underappreciated aspects of methodology, which I discuss throughout 
this thesis.
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ABSTRACT

Background
The reliability of conventional radiography when classifying distal radius fractures 
(DRF) is fair to moderate. We investigated whether reliability increases when ad-
ditional computerized tomography scans (CT) are used. 

Patients and methods

In this prospective study, we performed pre- and post-reduction posterior-anterior 
and lateral radiographs of 51 patients presenting with a displaced DRF. The case 
was included when there was a (questionable) indication for surgical treatment 
and an additional CT was conducted within 5 days. 4 observers assessed the cases 
using the Frykman, Fernández, Universal, and AO classification systems. The first 2 
assessments were performed using conventional radiography alone; the following 
2 assessments were performed with an additional CT. We used the intraclass cor-
relation coefficient (ICC) to evaluate reliability. The CT was used as a reference 
standard to determine the accuracy.

Results

The intra-observer ICC for conventional radiography alone versus radiography 
and an additional CT was: Frykman 0.57 v. 0.51; Fernández 0.53 v 0.66; Universal 
0.57 v. 0.64; AO 0.59 v. 0.71. The inter-observer ICC was: Frykman: 0.45 v 0.28; 
Fernández: 0.38 v. 0.44; Universal: 0.32 v. 0.43; AO: 0.46 v. 0.40. 

Discussion

The intra-observer reliability of the classification systems was fair but improved 
when an additional CT was used, except for the Frykman classification. The inter-
observer reliability ranged from poor to fair and did not improve when using an 
additional CT. Additional CT scanning has implications on the accuracy of scoring 
the fracture types, especially for simple fracture types.
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RELIABILITY AND ACCURACY OF THE CLASSIFICATION SYSTEMS

1
BACKGROUND

Distal radius fractures were initially, since 1814, called “Pouteau” fractures and later 
renamed “Colles” fractures, after the Irish surgeon Abraham Colles.(1) At that time, 
no further distinctions were made into various subtypes of distal radius fractures. 
After the introduction of the roentgen and the growing awareness of the diversity of 
fracture features, the number of subtypes along with fracture eponyms increased. The 
first classification system was originally based on clinical features only, but additional 
classification systems have been developed since through the use of conventional 
radiographs. 

The most common classification systems for distal radius fractures include Fryk-
man(2), Fernández(3), Universal(4), and AO classification(5). An overview of reliability 
studies evaluating these 4 classification systems is presented in Tables 1 and 2.  Using 
these full classification systems, the inter-observer reliability was fair to moderate. 
Good to excellent agreement was found only when using the AO classification of only 
the 3 types (Type A: extra-articular, Type B: partial articular and Type C: complete ar-
ticular). This is comparable for the intra-observer reliability. However, 2 studies found 
substantial reliability for the universal classification.(6,7) Currently, there is no gold 
standard for classifying distal radius fractures. 

Validated trauma classification systems offer a structured framework to communi-
cate effectively about clinical cases, and support the treatment decision process (i.e., 
non-surgical vs. surgical management, type of surgical intervention). In addition, clas-
sifying the severity of fractures is important in clinical research, as the classified grade 
or type can be used as part of a study’s eligibility criteria. However, in order to apply 
the treatment recommendations arising from these trials, the applicable classification 
systems must also be used in daily practice. Given the low degree of reliability using 
conventional radiography alone for fracture classifications, supplemental information 
may be warranted for more accurate and reproducible evaluations. 

Prior studies have used computer tomography (CT) to investigate the AO, Fernan-
dez and Universal classification of distal radius fractures. However, these studies have 
been limited by lack of standardization on expertise of the reviewers (8) and focus on 
simplified versions of the original classifications (9). Currently, no evaluation of the 
utility of an additional CT scan on any original full classification system with experi-
enced reviewers has been published. Additionally, prior studies have not evaluated 
radiographs versus radiographs plus CT scans. 
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To address this current lack of knowledge, we aimed to determine the intra- and inter-
observer reliability of the most commonly used fracture classification systems, using 
both conventional radiography and conventional radiography with the addition of a CT 
in a representative clinical setting of cases with a questionable indication for surgery. 
We evaluated the most commonly used classification systems that have been develo-
ped to classify any type of distal radius fracture; the Frykman(2), Fernández(3), Uni-
versal(4), and AO classification(5). By using experienced observers, we hypothesized 
that the intra-observer and inter-observer reliability is higher when using conventional 
radiography with additional CT. In addition, we determined the accuracy of the clas-
sification systems using the CT scan as a reference standard.

PATIENTS AND METHODS

Study design

A prospective database was established between January 1, 2007 and March 2, 2011 
of patients with a displaced distal radius fracture seen at the emergency rooms in a 
hospital in Amsterdam (Onze Lieve Vrouwe Gasthuis). 

Experience of the observers

The observers consisted of 4 experienced Dutch surgeons, of whom 2 were trauma 
surgeons [MS, RH] and 2 were orthopaedic surgeons [JH, PK]. Each had over 10 years 
of experience in fracture treatment. All of them were responsible for the (distal radius) 
fracture care within their department. 

Study patients

Patients were eligible for inclusion if they 1) were 18 years-of-age or older presenting 
with a displaced distal radius fracture in the emergency department, 2) had pre- and 
post-reduction conventional posterior-anterior and lateral radiographs of the wrist, 
and 3) had an additional CT within 5 days in cases of a (questionable) indication for 
surgery. Questionable indication for surgery was defined as an inadequate reduction 
of the fracture as described by the AAOS guidelines (10) or in case of a presumably 
unstable fracture (11). Patients were excluded if they had a prior fracture or pathology 
of the distal radius. 
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Scoring procedure

The 4 observers independently classified the radiographic and/or CT images at 4 dif-
ferent time points. Each scoring round was performed with an interval of at least 4 
weeks. All images were digitalized and anonymized. 

Although increasing the number in either group would yield a more precise reli-
ability estimate, the number of fractures has a greater impact on the precision than 
the number of observers (12). For this reason we chose a relatively low, but clinically 
representative, number of 4 observers. 

At time points 1 and 2, the pre- and post-reduction conventional radiographs were 
used to classify the fracture according to the Frykman, Fernández, Universal and AO 
classification systems. At time points 3 and 4, both the conventional radiographs and 
all the 2D CT scan images were used (axial, sagittal and coronal planes). The order 
of the images was randomized at each time point. A short description of the 4 clas-
sification systems with additional illustrations was available for each observer. 

Classification systems (Table 3)

The subgroups of the AO classification were not used in this study to simplify the eva-
luation and keep the number of grading criteria comparable to the other classification 
systems.

Sample size

Based on the methodology proposed by Giraudeau and Mary (2001), we used the 
expected value of the ICC, along with the number of raters and the desired confidence 
interval and confidence level to determine the number of subjects to be evaluated in 
this study. When using an additional CT, we expected a higher ICC than what is shown 
in previous literature when using conventional radiographs. We therefore estimated 
an ICC between 0.6 and 0.8. To obtain a 95% confidence interval (CI) with a confidence 
level of ±0.10 we needed between 30 and 81 patients.

Statistics

Classifications at time points 1 and 2 were used to determine the intra-observer re-
liability for the conventional radiographs for each observer separately. Classifications 
at time points 3 and 4 were used to determine the intra-observer reliability for the 
conventional radiographs with added CT scans for each observer separately.
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1
Table 3 – Overview of included classification systems
Classification Types (n) Description types
Frykman (1967) 8 (I – VIII) I – Extra articular, II – with ulna fracture

III – Intra-articular into RC joint - IV with Ulna fracture
V – Intra-articular into RU joint – VI with Ulna fracture
VII – intra-articular into RC+RU joint – VIII with ulna fracture

Fernández (2001) 5 types Based on trauma mechanism 
Type 1 – Bending fracture of metaphysis
Type 2 – Shearing fracture of joint surface
Type 3 – Compression fracture of joint surface
Type 4 – Avulsion fractures or radiocarpal fracture-dislocation 
Type 5 – Combined fractures associated with high velocity injuries

Universal (1993) 4 types, 
subdivision in 

2x3 groups  

Type 1 – Extra articular fracture, without deviation;
Type 2 – Extra articular fracture, with deviation
 2A – Reducible and stable
 2B – Reducible and unstable
 2C – Irreducible
Type 3 – Intra-articular fracture, without deviation
Type 4 – Intra-articular fracture, with deviation
 4A – Reducible and stable
 4B – Reducible and unstable
 4C – Irreducible

AO/ASIF (2007) 3 types, 9 groups A – Extra articular fractures 
A1 - ulna #, radius intact 
A2 – radius fracture, simple and impacted
A3 – radius fracture, multifragmentary
B – Partial articular fractures 
B1 – radius #, sagittal
B2 – Radius #, frontal, dorsal rim
B3 Radius #, frontal, volar rim
C – Complete articular fractures 
C1 – articular simple + metaphyseal simple
C2 – articular simple, metaphyseal multifragmentary
C3 – articular multifragmentary

Classifications at time points 1 and 3 were used to determine the inter-observer 
reliability for the conventional radiographs for each pair of observers (observer 1-2, 
1-3, 1-4; 2-3, 2-4; 3-4) and we report the mean of these results with the associated CI. 

We present descriptive statistics of the study patients, including means (SD) for 
continuous data. Intra- and inter-observer reliability was evaluated using the intraclass 
correlation coefficient (ICC). While other reliability studies have chosen a Kappa statis-
tic, the ICC is able to take into account skewed data as well as to give credit for partial 
agreement. Kappa statistics are less accurate if responses are skewed and only appro-
priate for categorical data (13). Fleiss and Cohen (1973) showed that weighted kappa 
and ICC are equivalent in general cases when interval scales are used. To compare our 
results with previous literature, Cohen’s Kappa was determined as well. The values 
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were interpreted as described by Cicchetti (14); ICC values less than 0.40 indicate 
poor agreement, values between 0.40 – 0.59 indicate fair agreement, values between 
0.60 – 0.74 indicate good agreement, and values ranging from 0.75 – 1.00 indicate 
excellent agreement. To determine the accuracy, direct visualization through operative 
intervention would theoretically be the gold standard classification diagnosis, but 
practically this is unrealistic. Both the volar and dorsal approach, which are used in the 
treatment of the majority of distal radius fractures, do not provide an adequate view 
of the dorsal, volar and intra-articular comminuted fracture. We used the CT scan as a 
reference standard instead of the “gold standard” to more accurately classify the frac-
ture (15). With respect to the distribution of fracture types, absolute and percentile 
frequencies were calculated and differentiated according to radiographs (round 1) and 
radiographs with an additional CT (round 3). In addition, the percentage of change per 
fracture type was determined for all 4 classification systems. We compared the distri-
bution of fracture classifications using conventional radiographs only and conventional 
radiographs with added CT scans for each classification system using chi-square tests. 
We corrected for multiple testing using a Bonferroni correction.

Ethical approval

Ethics approval was obtained from the medical ethical committee at this hospital 
(WO 10.086). We conducted this study according to the Collaboration for Outcome 
Assessment in Surgical Trials (COAST) guidelines.(13)

Funding

No external funding was received for this study.
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1
Exclusion:

Radiographs other hospital: n = 22

Exclusion:
No CT scan (within 5 days): n = 31

Other exclusion motives:
Combined injury: n = 3

Distal radius fractures with (questionable) 
surgery indication

n = 107

Distal radius fractures with pre and post 
reduction images

n = 85

Distal radius fractures with pre and post 
reduction images and CT scan

n = 54

Distal radius fractures
included

n = 51

 
Figure 1; Flow chart of patients in the study

RESULTS

Study participants

From the 107 patients who entered the emergency room during the study period with 
a distal radius fracture with a (questionable) indication for surgery, 51 patients met the 
inclusion criteria (Figure 1). The included patients had a mean age of 50 (14) years. 38 
patients (75%) were female. The post reduction CT scan was performed after a mean 
of 2.5 (2.2) days. The number of cases selected for surgical treatment ranged widely 
from 31%-96% between the 4 observers.  

Reliability of classification systems

All ICCs for the intra-observer reliability with the range of the 4 observers are presen-
ted in Table 4. All ICCs for the inter-observer reliability and their respective 95% confi-
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dence intervals (CI) are presented in Table 5. The calculated Kappa values, to compare 
with previous literature, are presented in Tables 8 and 9 (See Supplementary data).

Table 4 – Intra-observer reliability
Conventional radiograph Conventional radiograph + CT scan

Classification ICC Agreement ICC Agreement P-value
Frykman 0.57(0.34-0.77) Fair 0.51(0.33-0.80) Fair 0.64
Fernandez 0.53(0.32-0.62) Fair 0.66(0.53-0.90) Good 0.13
Universal 0.57(0.43-0.71) Fair 0.64(0.50-0.78) Good 0.46
AO groups 0.59(0.51-0.66) Fair 0.71(0.56-0.91) Good 0.30

Mean ICC (intra-class correlation coefficient) of the intra-observer reliability with the range of the 
4 observers in parentheses.

Table 5 – Inter-observer reliability
Conventional radiograph Conventional radiograph + CT scan

Classification ICC Agreement ICC Agreement P-value
Frykman 0.45 (0.31-0.60) Fair 0.28 (0.14-0.44) Poor 0.03 
Fernandez 0.38 (0.21-0.55) Poor 0.44 (0.30-0.59) Fair 0.4
Universal 0.32 (0.18-0.48) Poor 0.43 (0.20-0.51) Fair 0.01
AO groups 0.46 (0.31-0.60) Fair 0.40 (0.26-0.53) Fair 0.4

Mean ICC (intraclass coefficient) of the inter-observer reliability with 95 % CI  in parentheses. 

Frykman classification

The mean ICC of the Frykman classification was 0.57 when using conventional radio-
graphs, representing fair intra-observer reliability. The addition of CT showed no sta-
tistically significant improvement. The mean reliability was also fair (mean ICC = 0.51). 

The mean ICC of the Frykman classification was 0.45 when using conventional ra-
diographs, representing fair inter-observer reliability. The addition of CT scanning was 
less reliable (p=0.03). The mean intra-observer reliability was poor (mean ICC = 0.28).

Fernández classification

The mean ICC of the Fernández classification was 0.53 when using conventional ra-
diographs, representing fair reliability. The addition of CT scanning showed a trend 
toward improvement but it was not statistically significant. The mean reliability was 
good (mean ICC = 0.66). 

The mean ICC of the Fernández classification was 0.38 when using conventional 
radiographs, representing poor inter-observer reliability. The addition of CT scanning 
showed no statistically significant improvement. The mean reliability was fair (mean 
ICC = 0.44).
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1
Universal classification

The mean ICC of the Universal classification was 0.57 when using conventional radio-
graphs, representing fair intra-observer reliability. The addition of CT scanning showed 
no statistically significant improvement. The mean reliability was good (mean ICC = 
0.64). 

The mean ICC of the Universal classification was 0.32 when using conventional 
radiographs, representing poor inter-observer reliability. The addition of CT scanning 
showed significant improvement (p=0.01). The mean reliability was fair (mean ICC = 
0.43).

AO classification

The mean ICC of the AO classification was 0.59 when using conventional radiographs, 
representing fair intra-observer reliability. The addition of CT scanning showed no 
statistically significant improvement. The mean reliability was good (mean ICC = 0.71). 

The mean ICC of the AO classification was 0.46 when using conventional radio-
graphs, representing fair inter-observer reliability. The addition of CT scanning showed 
no statistically significant change. The mean reliability was just fair (mean ICC = 0.40).

Distribution of fracture types with and without CT scan

The overall distribution of fracture types changed after adding a CT scan using the AO 
and Fernandez classification systems (p<0.001 and p=0.006 respectively). The overall 
distribution of fracture types did not significantly change using the Universal and 
Frykman classification systems (p=0.09 and p=0.06 respectively).

In general, in each classification system approximately half of the extra-articular 
fractures were classified as an intra-articular fracture when adding CT scanning. For 
example in the AO classification, the ratio of intra-articular to extra-articular fractu-
res increased from 171:33 (=5) in round 1 (based on conventional radiography), to 
189:15 (=13) in round 3 (based on CT scanning). The other 3 classifications showed a 
similar increase in the number of intra-articular fractures. In addition, when adding 
CT scanning the extra-articular fracture types were classified differently between 60% 
(Universal type 1) and 100% (Universal: 2B and AO: A3), as the scoring of the intra-
articular fracture types changed between 17% (AO: C3) - 53% (Frykman: III/IV). Besides 
these features, the other statistically significant changes for each classification system 
are described below (Tables 6 and 7).



CHAPTER 1

30

Table 6 – Distribution of fracture types
Frykman

I II III IV V VI VII VIII
X 9 5 20 25 3 1 18 19
X + CT 5 2 18 16 3 0 24 31

Fernandez
1 2 3 4 5

X 18 11 50 1 20
X + CT 7 21 59 0 13

Universal
1 2A 2B 2C 3 4A 4B 4C

X 2 8 4 0 4 25 39 17
X + CT 1 5 1 0 9 27 32 24

AO groups
A2 A3 B1 B2 B3 C1 C2 C3

X 12 4 1 3 12 31 30 6
X + CT 2 5 3 5 12 19 32 22

Distribution of fracture types in round 1 (conventional radiography = X) and round 3 (conventional 
radiography with additional CT scan = X+CT) of all four observers given in percentage (%). The co-
loured boxes show significant changes in fracture distribution in that category.

Table 7 – Percentage of changes in classification after adding a CT scan
Frykman

I + II III + IV V + VI VII + VIII
69 48 78 0

Fernandez
1 2 3 4 5

69 41 7 n/a 0
Universal

1 2A 2B 3 4A 4B 4C
60 71 75 25 29 23 0

AO groups
A2 A3 C1 C2 C3
88 89 51 25 0

Percentage of changes in fracture types after adding a CT scan (Round 1 versus 3). Frykman: The 
fracture types with and without an ulna fracture are added together. Fernandez: type 4 and Uni-
versal type 2c were not taken into  account, because these were not classified.

Frykman 

Only the number of fractures classified as type VIII (intra-articular radio-ulnar and 
radio-carpal joint with an ulna fracture) increased. The other changes were not statis-
tically significant.
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Fernández

The number of fractures classified as type 2 (shearing fracture of joint surface) 
increased, while the number of fractures classified as type 1 (bending fractures of 
metaphysis) decreased.

Universal

None of the changes in distribution were statistically significant. 

AO classification

The number of fractures classified as type C3 (intra-articular multifragmentary) incre-
ased, while the number of fractures classified as type A2 (extra-articular simple) and 
type C1 (articular simple+metaphyseal simple) decreased.

DISCUSSION 

In contrast to our hypothesis, the results of this study revealed that the increase 
in reliability when using additional CT scanning was only seen in the intra-observer 
reliability, with the exception of the Frykman classification. The Frykman classifica-
tion distinguishes between intra-articular and extra-articular fractures of the distal 
radioulnar joint. On conventional radiography, the distal radioulnar joint fracture line 
is not always clearly imaged and therefore generally not taken into account in the clas-
sification evaluation. However, on a CT scan a small fracture line is often seen in the 
region of the distal radioulnar joint, allowing room for interpretation and potentially 
discrepant results. This could explain the decrease in reliability of the Frykman clas-
sification when using additional CT scanning. 

3 prior studies also used CT scanning to investigate the inter-observer reliability of 
the AO classification for distal radius fractures (8,9,16). In our study, the inter-observer 
reliability (kappa values) was found to be comparable, both using conventional radio-
graphy alone and with an additional CT scan. One would expect a higher reliability, 
since determining the three-dimensional morphology of the fracture might be more 
difficult when CT scans are not combined with radiographs. Surprisingly, using an ad-
ditional CT scan and only experienced observers in our study the reliability did not 
improve in comparison to some other studies that used a CT scan alone and observers 
of all levels of experience (Yunes Filho et al. 2009, Arealis et al. 2014). 
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Using the CT scan as the reference standard, we can state that simple fracture 
types are less accurately classified when using only a radiograph than more severe 
types. This is contradictory to the clinical practice in which CT scans are especially 
used in the more severe fracture types to plan treatment. Similar to other published 
reports (17,18), we found a systematic decrease of about 50% in the ratio of extra- to 
intra-articular fractures when the CT scan was added to conventional radiographs.

Furthermore, our results confirm earlier statements that the severity of a distal 
radius fracture may be underestimated in standard radiographs. For instance, Cole et 
al. (1997) reported an improved reliability of assessing specific displacement features, 
in particular the measurement of gapping or stepping-off, based on CT compared to 
conventional radiography. This is best shown by the AO classification as the number 
of type C3 (articular multifragmentary) fractures, increased after adding CT to the 
evaluation. 

Rozental et al. (2001) and Heo et al. (2012) reported that sigmoid notch involve-
ment is underestimated when using only conventional radiography. This feature is also 
seen in our study. The Frykman classification distinguishes between intra-articular and 
extra-articular fractures of the distal radioulnar joint. As shown in Table 3, the number 
of type VIII (intra-articular distal radioulnar joint and distal radiocarpal joint with ulna 
fracture) increased when using the additional CT scan as also shown by Goldwyn et al 
(2012). 

We suggest use of the AO classification, as this is currently the classification system 
most frequently used and the reliability is comparable to the other classification sys-
tems. Preferably, a new classification system also based on CT instead of conventional 
radiography alone should be developed. Such new classification system should mainly 
focus on giving direction to the type of treatment.

A limitation of our study is that the sample size was underestimated for the inter-
observer reliability. The pre-specified estimation of ICC for intra-observer reliability (as 
described in the methods) was comparable to our estimation so we can be confident 
that our number of raters is sufficient. The range of intra-observer ICCs was relatively 
large for some classifications, however, replacing either the best or worst observer 
would be unlikely to change the conclusion that an additional CT scan improves 
reliability. It would likely only affect the absolute ICC, not the difference between 
conventional radiography only and conventional radiography with additional CT scan. 
By choosing a group of patients with a (questionable) indication for surgery we intro-
duced a selection bias, which possibly influenced our results and therefore risks a lack 
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of generalizability to other patients. However, the optimal treatment of this group of 
patients lacks consensus and therefore, these patients will likely benefit most from 
additional evaluation criteria for accurate classification. Although the intra-observer 
reliability improved from fair to good, the p-values were not significant. However, 
these T-tests were likely to be underpowered and had a high rate of Type II error. 
Previous studies have shown better reliability for younger patients when classifying 
DRFs (19). The relatively low mean age in this study may affect the outcome and could 
give a higher reliability. Additionally, it is important to note that there is some inferen-
tial uncertainty with these results. It may be difficult to apply our results to broader 
populations, although we took precautions to ensure a representative sample and as 
close to a real-world clinical setting as possible.

A strength of our study is that we used the COAST criteria to ensure we addressed 
all components of a reliability study. Another strength is that the number of patients 
selected for surgical treatment ranged widely between the 4 observers, showing that 
this group of patients is representative of the group of patients lacking consensus.  

Our study results suggest that the additional value of CT scanning over conventional 
radiographs is limited in regard to reliability. However, it has significant implications 
for accurate scoring of the fracture types. Using an additional CT scan changes how pa-
tients are classified into fracture types, therefore trials using conventional radiography 
alone to evaluate eligibility will have different patients included compared to trials 
using additional CT scans. This has implications for external validity (generalizability) 
and for comparing trials to each other.

Although previous literature showed that CT scans are more reliable than conven-
tional radiographs quantifying articular surface incongruencies, to our knowledge no 
previous studies have reported the impact of intra-articular involvement without a 
step or gap on clinical outcome. The outcomes of the current study are not necessarily 
related to better patient outcomes. Prospective randomized studies - comparing con-
ventional radiographs for patients with displaced DRF to additional CT scans - should 
be conducted to confirm the additional value of a CT scan for patient outcomes. Also 
a cost effectiveness analysis should be conducted as national care budgets are limited.

In summary, our study results suggest that the additional value of CT scanning over 
conventional radiographs is limited in regard to reliability, but has significant impli-
cations for accurate scoring of the fracture types. The reliability of the classification 
system might be decreased due to the fact that the additional information about 
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fracture morphology provided by the additional CT scan leaves increased room for 
interpretation when classifying a distal radius fracture. 

CONCLUSION

To our knowledge this is the first reliability study on 4 classification systems, which 
determines the intra- and inter-observer reliability using conventional radiography al-
one and with additional CT scanning. The intra-observer reliability of the classification 
systems was found to be fair but improves to good agreement if an additional CT is 
used, with the exception of the Frykman classification. The inter-observer reliability 
of the investigated classification systems for distal radius fractures was poor to fair 
and did not improve when using additional CT scanning. Additional CT scanning has 
significant implications for accurate scoring of the fracture types in AO and Fernandez 
classifications, especially for the less severe fractures.
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SUPPLEMENTARY DATA
Table 8 – Intra-observer reliability

Conventional radiograph Conventional radiograph + CT scan
Classification Kappa Agreement Kappa Agreement P-value
Frykman 0.49 (0.32-0.66) Moderate 0.50 (0.35-0.74) Moderate 0.8
Fernandez 0.45 (0.28-0.65) Moderate 0.54 (0.27-0.90) Moderate 0.6
Universal 0.40 (0.31-0.44) Fair 0.32 (0.22-0.46) Fair 0.4
AO groups 0.40 (0.36-0.44) Fair 0.41 (0.31-0.50) Moderate 0.9

Mean Kappa of the intra-observer reliability with the range of the 4 observers in parentheses. This is 
presented for readers to compare kappa values with the previous literature.

Table 9 – Inter-observer reliability
Conventional radiograph Conventional radiograph + CT scan

Classification Kappa Agreement Kappa Agreement P-value
Frykman 0.40(0.32-0.48) Fair 0.36 (0.29- 0.42) Fair 0.3
Fernandez 0.28(0.09-0.46) Fair 0.26 (0.16- 0.36) Fair 0.9
Universal 0.20(0.15-0.25) Slight 0.11 (0.05- 0.17) Slight 0.05
AO groups 0.26(0.20-0.33) Fair 0.28 (0.076-0.30) Fair 0.2

Mean Kappa of the inter-observer reliability with 95 % CI (confidence interval) in parentheses. This 
is presented for readers to compare kappa values with the previous literature.
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ABSTRACT

Background
There are no clear guidelines when an additional CT-scan needs to be obtained for 
the treatment of displaced intra-articular distal radius fractures (DRF). The aim of 
this study was to investigate whether surgeons can predict the usefulness of a CT 
scan to facilitate choice of treatment plan and/or preoperative planning for these 
fractures.

Patients and methods
our surgeons evaluated 51 patients with displaced DRF. The choice of treatment 
(operative or nonoperative)  was first based on conventional radiographs. Subse-
quently, the surgeons were asked if they would have requested an additional CT 
scan to determine this treatment choice, but also if they required a CT scan for the 
preoperative planning. After 4 weeks the additional CT scan was directly provided 
along with the radiographs for all patients. The choice of treatment was again 
assessed and whether the CT scan was useful for operative planning. Based on 
these data we calculated the number needed to scan (NNS) and number needed 
to harm (NNH) for two decision models. Model 1: Only provide a CT scan if the 
surgeon requested one based on their judgment of the X-rays. Model 2: CT scans 
for all displaced intra-articular DRF.

Results
For choice of treatment the NNS was lower for model 1 than for model 2 (2.6 
versus 4.3) and the NNH is higher for model 1 (3.1 versus 1.3). For preoperative 
planning the NNS (1.3 versus 1.4) and NNH (3.7 versus 3.4) were comparable for 
both models. 

Discussion 
Surgeons are able to predict the usefulness of an additional CT scan for intra-
articular displaced DRF regarding whether one treats the patient operatively or 
non-operatively. However, for pre-operative planning the usefulness of a CT scan 
is much harder to predict. 
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BACKGROUND

Multiple studies have shown an increased number of computed tomography (CT) 
requested by physicians(1-3). This issue has become a subject of concern for patients, 
health care providers and regulators, and is receiving increasing attention in the me-
dical literature(4). CT scans are more expensive than X-rays and national health care 
budgets are limited.

Recently the liberal use of CT scan in the management of distal radius fractures 
(DRF), specifically for displaced intra-articular fractures, became widely accepted as 
an additional imaging tool in pre-operative evaluation and planning(5). This increased 
popularity is supported by previous literature. CT scans have been shown to be more 
reliable than X-rays in quantifying articular surface incongruencies(6-10). Furthermore, 
when a treatment plan is based on both X-ray and CT scan, a surgeon is more likely 
to treat the DRF patient surgically than when the treatment plan is based on X-ray 
alone(11).

Does this mean that we should request a CT scan for all patients with displaced 
intra articular fractures? Much information required for treatment planning can be 
obtained from plain X-rays. However, CT scans can give additional information which 
is not always seen on the X-ray. In DRF management CT scans can be requested by the 
surgeon for two reasons: Firstly, to decide whether to treat the patient operatively or 
nonoperatively, and secondly, for pre-operative planning purposes. Guidelines (e.g. 
AAOS, Dutch guidelines) have been developed to aid surgeons in decision making, 
but they are not clear about when to use an additional CT scan for the treatment of 
DRF(12). Some surgeons have a low threshold to request a CT scan for displaced intra 
articular DRF while others rarely obtain a CT scan.

The aim of this study was to investigate whether surgeons can predict the use-
fulness of a CT scan in patients with displaced intra-articular DRF. This was done by 
comparing two decision models for when to request an additional CT scan. 

METHODS

Experimental design

In our experiment we compared two different models of decision making.
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Model 1: �Only provide a CT scan if the surgeon requested one based on their judgment 
of the X-rays. 

Model 2: �CT scans for all displaced intra-articular DRF. 

Moreover, we investigated this for two reasons for requesting an additional CT scan: 1) 
to decide whether to treat the patient operatively or nonoperatively (OR indication); 
and 2) for preoperative planning (OR preparation).

Patient Selection

Consecutive patients with displaced distal radius fractures were selected from our 
Emergency Department database. The protocol in the recruiting department is to al-
ways order a CT scan for patients with a displaced intra-articluar distal radius fracture. 
The CT scan was obtained by the resident on call. Patients were eligible for inclusion 
if they 1) presented with a displaced DRF in the Emergency Department between 
January 1, 2007 and March 2, 2011, 2) were 18 years of age or older, 3) had no prior 
fracture or pathology of the distal radius, 4) had both pre- and post-reduction plain 
posterior-anterior and lateral radiographs of the wrist, and 5) had an additional post-
reduction CT taken within 5 days after the reduction.

Observers

Four experienced trauma surgeons reviewed the images. They all have over 10 years 
of experience in fracture treatment. All of them are responsible for the distal radius 
fracture care within their department. 

Time points

All surgeons scored the images at four different time points (T1-T4). Each scoring 
round was performed with an interval of at least 4 weeks. 

T1 and T2: pre- and post-reduction plain radiographs. 
T3 and T4: �pre- and post-reduction plain radiographs & axial, sagittal and coronal 

planes CT. 

All images were digitized and anonymized, and presented with the relevant clinical 
data (e.g., age of the patient, gender, dominant hand, profession and specific hobbies). 
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Scoring form

We used two scoring forms with the following questions
T1 and T2: 
1) Type of fracture: intra or extra articular 
2) �Choice of treatment plan: nonoperative treatment with plaster after closed 

reduction or operative treatment (OR indication)
3) Would you request a CT scan for OR indication?: Yes or No?
4) �If treated operatively, would you request a CT scan for pre-operative planning 

(OR preparation)?: Yes or No
T3 and T4:
1) �Choice of treatment plan: nonoperative treatment with plaster after closed 

reduction or operative treatment (OR indication).
2) Was the CT scan useful for OR preparation?: Yes or No

Methods to prevent bias

Surgeons were not informed we were testing two decisions models and were blinded 
to the study hypotheses. We informed them that they were participating in an inter 
observer reliability study. The order of the images was randomized to differ at all time 
points. Cases were presented in random order at different time points to prevent recall 
bias.

Statistical Analysis

We compared across timepoints with X-ray only ( T1 and T2) and X-ray+CT scan (T3 and 
T4) which gives a total of four comparisons: T1-T3, T1-T4, T2-T3 and T2-T4. Therefore, 
we have 204 observations (4 surgeons times 51 cases) per comparison and 816 ob-
servations (204 observations times 4 comparisons)  in total for our statistical analysis.

In both models of decision making we assessed the number needed to scan (NNS) 
and number needed to harm (NNH) separately for the two reasons a CT scan is orde-
red (OR indication and OR preparation). NNS is akin to number needed to treat (NNT) 
for treatment studies. It is the number of patients who need a CT scan to achieve one 
additional good outcome. When requested for OR indication, a change in treatment ( 
Tx change) is defined as a good outcome. When requested for OR preparation, useful 
for operative planning is defined as a good outcome. NNH is the number of patients on 
average need to be exposed to a risk factor to cause harm in an average of one patient 
who would not otherwise have been harmed. We defined two risk factors which could 
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harm the patient. 1) Unnecessary radiation: Requesting a CT scan unnecessarily can 
harm a patient due to excess radiation. 2) Suboptimal informed: Not requesting a CT 
scan when in fact the CT scan would have been useful can harm the patient because 
the surgeon is suboptimally informed about the fracture. The total NNH and the NNH 
for the two risk factors is determined separately. A low NNS and a high NNH is prefer-
red.

In clinical practice, when a CT scan is ordered and the decision is made to treat the 
patient operatively based on the CT scan, it is not necessary to predict whether we 
need a CT scan for operative planning, because the CT scan is already available. We 
conducted a sensitivity analysis in which only patients who were treated operatively 
but who did not have a CT scan ordered for OR indication were included in the analysis. 
Formulas for NNS/NNH

Model 1:
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Model 1: 

NNSOR indication= 1
(𝑇𝑇𝑇𝑇 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) 

NNHORindication= 1
(𝑁𝑁𝑁𝑁 𝑡𝑡𝑡𝑡 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)+(𝑇𝑇𝑇𝑇 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) 

NNSOR preparation= 1
(𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) 

NNHOR preparation= 1
(𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)+(𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) 

 

Model 2: 
Model 2:
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NNSOR indication= 1
(𝑇𝑇𝑇𝑇 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑡𝑡𝑡𝑡𝑡𝑡)+(𝑇𝑇𝑇𝑇 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)  

NNHOR indication= 1

(𝑁𝑁𝑁𝑁 𝑡𝑡𝑡𝑡 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)+(𝑁𝑁𝑁𝑁 𝑡𝑡𝑡𝑡 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)  

NNSOR preparation= 1
(𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)+(𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) 

NNHOR preparation= 1
(𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒)+(𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐶𝐶𝐶𝐶 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)/ (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) 

We used SPSS version 22 to conduct these analyses. 

 

RESULTS 

Patient characteristics 

During the study period 85 patients who entered the Emergency Department with a displaced 

DRF had a post-reduction CT scan. A total of 51 patients met the complete inclusion criteria. 

Their mean age was 50 years (SD, 14). 75 percent of the patients were female. The CT scan 

was performed a mean of 2.53 days post-reduction (SD, 2.21). Out of 816 observations, 688 

times they were scored as intra-articular fractures (Figure 1 and 2) and were included in this 

study. 

We used SPSS version 22 to conduct these analyses.



45

PREDICTION OF THE USEFULNESS OF A CT SCAN 

2

RESULTS

Pati ent characteristi cs

During the study period 85 pati ents who entered the Emergency Department with a 
displaced DRF had a post-reducti on CT scan. A total of 51 pati ents met the complete 
inclusion criteria. Their mean age was 50 years (SD, 14). 75 percent of the pati ents 
were female. The CT scan was performed a mean of 2.53 days post-reducti on (SD, 
2.21). Out of 816 observati ons, 688 ti mes they were scored as intra-arti cular fractures 
(Figure 1 and 2) and were included in this study.

Figure 1: OR indicati on fl owchart. Total score of the 4 observers.
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Figure 2: OR preparati on fl owchart. Total score of the 4 observers.

CT scan for OR indicati on

Of the 688 intra-arti cular observati ons based on X-rays only, the surgeon requested a 
CT scan for OR indicati on in 198 cases (198/688, 28.8%) (Figure 1). For the cases where 
the surgeon requested a CT scan, the surgeon changed their treatment plan 41.4% of 
the ti me (82/198) with an additi onal CT scan. For the cases where the surgeon did 
not request a CT scan the surgeon changed their treatment plan 17.3% of the ti me 
(85/490) with an additi onal CT scan. The NNS was lower for model 1 than for model 2 
(2.6 versus 4.3) and the NNH is higher for model 1 (3.1 versus 1.3) (Table 1).
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Table 1. CT scan for OR indication (with 95 % CI)
NNS NNH total NNH: Suboptimal 

informed
NNH: Unnecessary 

radiation 
Model 1 (CT on request) 2.4 (0.42) 3.4 (0.39) 8.1 (0.78) 5.9 (1.04)
Model 2 (CT for all) 4.1 (0.30) 1.3 (0.03) 0 1.3 (0.03)

CT scan for OR preparation

 In 474 observations the surgeon decided to treat the patient operatively based on X-
rays. The surgeon requested a CT scan for OR preparation in 348 cases (348/474, 73%) 
(Figure 2). For the cases where the surgeon requested a CT scan for OR preparation, 
the CT scan was useful 80% of the time (277/348). For the cases where the surgeon did 
not request a CT scan, the CT scan was useful 45% of the time (57/126). The NNS (1.3 
versus 1.4) and NNH (3.7 versus 3.4) are comparable for both models (Table 2). In the 
sensitivity analysis, which more closely approximates a real clinical situation, the NNS 
(1.2 versus 1.3) and NNH (4.3 versus 4.8) only slightly changed (Table 2). 

Table 2. CT scan for OR preparation (with 95 % CI) (Corrected: sensitivity analysis for clinical prac-
tice)

NNS NNH total NNH: Suboptimal 
informed

NNH: Unnecessary 
radiation

Model 1 (CT on request) 1.3 (0.02) 3.7 (0.26) 8.3 (1.2) 6.7 (0.35)
Model 2 (CT for all) 1.4 (0.06) 3.4 (0.36) 0 3.4 (0.36)

Model 1 corrected 1.2 (0.02) 4.3 (0.42) 10.2 (1.21) 7.6 (0.67)
Model 2 corrected 1.3 (0.03) 4.8 (0.27) 0 4.8 (0.27)

DISCUSSION

Main outcomes

Surgeons were able to predict the usefulness of an additional CT scan for intra-articular 
displaced DRF regarding whether one will advise the patient to be treated operatively 
or non-operatively. The NNS for OR indication was clearly lower when the surgeons 
predict that the additional CT scan will be useful. The NNH was also lower, which means 
that when surgeons predict the usefulness of an additional CT scan, fewer CT scans are 
needed and therefore fewer patients are harmed than when surgeons order CT scans 
for all patients with intra-articular displaced DRF. The only disadvantage is that in one 
out of eight patients (NNH: 8.1) the surgeon is suboptimally informed compared to if 
they had had an additional CT scan. 
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However, for pre-operative planning the usefulness is much harder to predict, so 
it is more defendable to request CT scans for all intra-articular displaced DRF which 
are operatively treated. The NNS and NNH in each model are similar, even when cor-
rected for the clinical practice. To choose the appropriate decision making model for 
OR preparation, surgeons must weigh the pros and cons of each model based on which 
harm they think is most important to avoid. If surgeons request an additional CT scan 
for all operatively treated DRFs, there will be no patients for which the surgeon is sub-
optimally informed, but one in 3.4 patients will be exposed to radiation unnecessarily. 
If surgeons predict that an additional CT scan would be useful for OR preparation, the 
surgeon will be suboptimally informed in one out of 10 patients but in only one out of 
8 cases the patient will be exposed to radiation unnecessarily. They should also take 
into account the extra costs, which are about € 250 per scan in the Netherlands, of 
ordering additional CT scans in all cases. 

Strengths and limitations

This study has several strengths including the use of highly experienced observers. 
These observers are typical surgeons who would make such decisions in hospitals, 
thereby improving generalizability. Also, the order of images was randomized and 
the time in between scoring moments was adequate to avoid bias due to memory. 
Surgeons were not informed we were testing two decisions models and were blinded 
to the study hypotheses. There is a potential risk of clustering, however since the 
intraobserver agreement of classifying fractures and for treatment planning is known 
to be fair to moderate, we are justified in combining results of the 4 comparisons. 
Additionally, the relatively low confidence intevals of NNS and NNH shows that the 
results are consistent across comparison groups. We used a database so there is a 
possibility that in some less severe intra-articular displaced DRF, an additional CT scan 
was not ordered. This could introduce selection bias. The chance that a CT scan would 
have changed treatment plan in these cases is very low. However, the protocol in the 
recruiting hospital is to always order a CT scan for operatively treated cases, so this 
limitation would not have affected the results for OR preparation. 

Although previous literature showed that CT scans are more reliable than X-rays 
quantifying articular surface incongruencies (7-10,13). To the best of our knowledge 
no previous studies have reported whether the usefulness of an additional CT scan is 
predictable.
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Future research

The outcomes of the current study are not necessarily related to better patient out-
comes. Prospective randomized studies - comparing ordering CT scans for all patients 
with intra-articular displaced DRF to CT scanning on request of the surgeon- should 
be conducted to confirm the results of this study and to follow patients to determine 
which decision making model improves patient outcomes. Also a cost effectiveness 
analysis should be conducted as national care budgets are limited.

CONCLUSION

Surgeons are able to predict the usefulness of an additional CT scan for intra-articular 
displaced DRF regarding whether one treats the patient operatively or non-operatively. 
We recommend letting the surgeon decide which patients require an additional CT 
scan for treatment planning. However, for pre-operative planning the usefulness is 
much harder to predict, therefore we cannot give a strong recommendation for or 
against CT scanning of all patients with a displaced intra articular DRF.
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ABSTRACT 

Background
Patient Reported Outcome Measures (PROMs) are often used to evaluate the out-
come of treatment in patients with distal radius fractures. Which PROM to select is 
often based on assessment of the measurement properties, such as good validity 
and reliability. Measurement properties are assessed in clinimetric studies, and re-
sults are often reviewed without considering the methodological quality of these 
studies. Our aim was to systematically review the methodological quality of clini-
metric studies that evaluated measurement properties of PROMs used in patients 
with distal radius fractures, and to make recommendations for the selection of 
PROMs based on the level of evidence of each individual measurement property. 

Methods
A systematic literature search was performed in Pubmed, Embase, Cinahl and 
PsycInfo databases to identify relevant clinimetric studies. Two reviewers inde-
pendently assessed the methodological quality of the studies on measurement 
properties, using the COnsensus-based Standards for the selection of health Mea-
surement INstruments (COSMIN) checklist. Level of evidence (strong / moderate 
/ limited / lacking) for each measurement property per PROM was determined by 
combining the methodological quality and the results of the different clinimetric 
studies. 

Results
19 out of 1508 unique studies were included, in which 12 PROMs were rated. The 
Patient-Rated Wrist Evaluation (PRWE) and the Disabilities of Arm, Shoulder and 
Hand questionnaire (DASH) were evaluated on most measurement properties. 
The evidence for the PRWE is moderate that its reliability, validity (content and 
hypothesis testing), and responsiveness are good. The evidence is limited that its 
internal consistency and cross-cultural validity is good, and its measurement error 
is acceptable. There is no evidence for its structural and criterion validity . The 
evidence for the DASH is moderate that its responsiveness is good. The evidence 
is limited that its reliability and the validity on hypotheses testing is good. There is 
no evidence for the other measurement properties. 
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Discussion 
According to this systematic review there is at best moderate evidence that the 
responsiveness of the PRWE and DASH are good, as is the reliability and validity 
of the PRWE. We recommend these PROMs in clinical studies in patients with 
distal radius fractures, however, more clinimetric studies of higher methodological 
quality are needed to adequately determine its other measurement properties.
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BACKGROUND

Distal radius fractures account for approximately 17 % of all fractures(1). Of all frac-
tures in the upper extremity, the distal radius is the most common fracture site (2-4). 
Despite its high incidence, there is no treatment consensus (5). To conduct best evi-
dence clinical trials in DRF treatment, and to properly compare trial results, there must 
be a consensus on the use of outcome measures. Historically, outcome assessment 
after distal radius fractures focused on imaging and physical examination (e.g. grip 
strength and range of motion). These assessments, however, do not represent the 
patients’ perspective as they do not take the patients’ feelings/opinion or wellbeing 
into account, which might be more important for the patient (6). 

In the last two decades, the outcome assessment has shifted towards a patient-
centered approach. This approach assesses the outcome directly from the opinion of 
the patient. Outcomes such as pain and functional ability, which are highly relevant 
for patients, can for instance be assessed by Patient Reported Outcome Measures 
(PROMs) (7). 

Currently, a wide variety of PROMs are available and used to assess patient re-
ported functional outcomes for upper limb and wrist disorders (8-20). Several (non-)
systematic studies reviewed the existing literature in order to present available PROMs 
for assessing wrist and hand function in general. (21-25) Over a period of 25 years, 
two PROMs were most extensively used for evaluating the treatment outcome of 
patients with distal radius fractures(26). These were the Disabilities of Arm, Shoulder 
and Hand (DASH), and the (original or modified) Gartland and Werley scoring system. 
However, the Patient Related Wrist Evaluation (PRWE) was found to have the best 
measurement properties, e.g. is found to be the most reliable, valid and responsive 
instrument for these patients. This conclusion was drawn based on the results of 
the available clinimetric studies(26). Clinimetrics is a scientific discipline that aims to 
develop methods of assessing the properties of health measurement instrument, with 
the aim to improve the quality of outcome measures. And although the measurement 
properties were found to be good, the author did not incorporate the methodological 
quality of these clinimetric studies. 

It is important for the understanding of this systematic review to distinct between 
the “methodological quality” of clinimetric studies on PROMs and the “quality” (e.g. 
the measurement properties) of the PROMs itself. Evidently, a PROM is only as good as 
the methodological quality of its study. In order to assess the methodological quality 
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of clinimetric studies (i.e. studies on measurement properties) of PROMs, the COnsen-
sus-based Standards for the selection of health Measurement INstruments (COSMIN) 
group formulated a set of guidelines. First, the COSMIN group reached consensus on 
terminology, definitions and a taxonomy of measurement properties of PROMs in an 
international Delphi study. Then, they developed a checklist containing standards 
for evaluating the methodological quality of studies on the measurement properties 
(e.g. reliability) of measurement instruments (e.g. DASH). (27) The best PROM should 
have high level of evidence (e.g. as evaluated in high quality studies) supporting good 
quality on all measurement properties. The definitions and a “jargon free” description 
of the measurement properties are given table 1.

The aim this systematic review was to evaluate the methodological quality (using 
the COSMIN checklist) of the clinimetric studies that evaluated measurement pro-
perties of the available PROMs used in patients with distal radius fractures, and to 
make recommendations for the selection of PROMs based on the level of evidence 
of each individual measurement property. The results of this study might help us to 
determine which PROM is most appropriate for the evaluation of patients with distal 
radius fractures. 

METHODS

Literature search

We performed a literature search on November 13th, 2015 to identify all published 
studies on the measurement properties of PROM’s in the evaluation of treatment 
of distal radius fractures. The following databases were searched with specific index 
terms and derivatives of these terms: Pubmed (1990 to 2015), EMbase (1990 to 2015), 
CINAHL (1990 to 2015), and PsycINFO (1990 to 2015). In PubMed we used a validated 
search filter for finding studies on measurement properties.(28) We also added the 
names of all PROM’s that are described for wrist disorders.(29) The full search strategy 
is provided in Appendix 1. We restricted our search to studies published in English, 
German and Dutch because both reviewers are fluent in these languages. Reference 
lists were hand searched to identify additional relevant studies.
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Selection Criteria

Two reviewers (YK, RN) independently assessed all titles and abstracts. We included 
studies with a description of the measurement properties of PROM’s used in patients 
with a distal radius fracture. When in doubt about the applicability of a study, the 
full text article was retrieved and screened for eligibility. Afterwards, the researchers 
discussed their assessments and consensus was reached. In cases of where consensus 
couldn’t be obtained a third reviewer (VS), was employed to achieve consensus. 

Assessment of the Quality of the Studies

The same two reviewers independently rated the methodological quality of the studies 
using the COSMIN checklist (www.cosmin.nl).(30). 

The COSMIN checklist consists of 11 separate checklists, called “boxes”. In nine 
boxes the quality nine measurement properties is addressed : A: internal consistency, 
B: reliability, C: measurement error, D: content validity, E: structural validity, F: hypo-
theses testing, G: cross-cultural validity, H: criterion validity and I: responsiveness. The 
last box “I: interpretability” is no measurement property, but nevertheless a meaning-
ful requirement for the applicability of PROMs in research. The generalisability of the 
results are determined with a final box. The definitions of the measurement properties 
and interpretability are given table 1. 

In each box, the methodological quality can be evaluated based on a variety of 
items addressing adequate study design and statistical analysis. Each question in any 
box must be rated as ‘excellent’, ‘good’, ‘fair’, ‘poor’ or ‘not applicable’. Scoring is then 
performed using the criteria set by the COSMIN group. To obtain a total score for the 
methodological quality of one of the boxes “the worst score counts” algorithm was 
applied as set out by the COSMIN guidelines.(31) Meaning, the methodological quality 
of that measurement property was only rated ‘excellent’ if all relevant questions per-
taining to that box (e.g. measurement property) were scored as excellent. In all boxes, 
a small sample size was considered poor methodological quality. As a rule of thumb, a 
sample size of ≥100 received a rating of ‘excellent’, 50-100 received ‘good’, 30-50 was 
rated ‘fair’, and less than 30 was rated as poor.(31) 
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Table 1 Definitions of the measurement properties. In italic the jargon free description.
 
Internal 
consistency
 

The degree of the interrelatedness among the items

“Does different questions of a PROM that suppose to measure the same general 
construct produce similar scores?”

 
Reliability
 

The proportion of the total variance in the measurements which is because of “true” 
differences among patients
“How close are repeated measurements?”

 
Measurement 
error
 

The systematic and random error of a patient’s score that is not attributed to true 
changes in the construct to be measured

“What amount of change in a score can not be considered a real or true change?”

 
Content validity
 

The degree to which the content of an HR-PRO instrument is an adequate reflection of 
the construct to be measured
“Are all items relevant for the specific population and are important activities missed?” 

 
Structural validity

The degree to which the scores of an HR-PRO instrument are an adequate reflection of 
the dimensionality of the construct to be measured
“Do all items in a PROM reflect a single or multiple constructs?”

 
Hypotheses 
testing

The degree to which the scores of an HR-PRO instrument are consistent with 
hypotheses (for instance with regard to internal relationships, relationships to scores of 
other instruments, or differences between relevant groups) based on the assumption 
that the HR-PRO instrument validly measures the construct to be measured
“What is the expected relationship with other PROMs assessing comparable 
constructs?”

 
Cross-cultural 
validity

The degree to which the performance of the items on a translated or culturally adapted 
HR-PRO instrument are an adequate reflection of the performance of the items of the 
original version of the HR-PRO instrument
“Is the PROM correctly translated en retested in another language and cultural setting?”

 
Criterion validity
 

The degree to which the scores of an HR-PRO instrument are an adequate reflection of 
a “gold standard”
“Is the PROM tested against the “gold standard” PROM?”

 Responsiveness
 

The ability of an HR-PRO instrument to detect change over time in the construct to be 
measured
“If patients improve or worsen over time does this change in the PROM accordingly” 

 Interpretability*
 

The degree to which one can assign qualitative meaning—that is, clinical or commonly 
understood connotations—to an instrument’s quantitative scores or change in scores.
“What does the scores or change in scores of a PROM mean”

Level of evidence of the measurement properties per PROM

For each PROM, we determined the level of evidence by combining the results of the 
different studies for each measurement property, as described by Terwee et al.(31) 
These factors were taken into account: the number of studies (one or multiple), the 
methodological quality of the studies (excellent/good/fair/poor/not available), and 
consistency of the results (positive/negative). Based on these factors each measure-
ment property per PROM could be ranked as strong, moderate, limited or conflicting 
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evidence. Only when the methodological quality of the clinimetric study/studies was 
poor, the level of evidence was rated as unknown. 

Source of Funding

No external funding was received for this study.

Figure 1; Search strategy and Selecti on of Arti cles *Nov 13, 2015; ** Cinahl search includes Psy-
cInfo database
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RESULTS

Included studies

A total of 2064 studies was retrieved by the electronic search, performed in Pubmed 
(n = 720), Embase (n = 1075) and Cinahl/ PsycINFO (n = 269) (Figure 1). After removing 
duplicates, 1508 unique studies were identified. The titles and abstracts were screened 
by two researchers independently, after which 27 studies were deemed potentially 
eligible. After retrieving and reading the full-text, 19 studies were included. Reference 
evaluation of these 19 articles did not yield any additional relevant studies. 

Table 2 – Patient Related Outcome Instruments included in the review
Abbreviation Full name Original author
PRWE Patient-Rated Wrist Evaluation MacDermid (9)
DASH Disabilities of Arm, Shoulder and Hand Hudak (8)
MHQ Michigan Hand Questionnaire Chung (11)
SF-36 Short Form-36 Ware (12)
PEM Patient Evaluation Measure Macey (10)
AIMS2 Arthritis Impact Measurement Scale Meenan (14)
BWH-CTQ Brigham and Women’s Hospital Carpal Tunnel 

Questionnaire
Levine (13)

IOF-WFQ International Osteoporosis Foundation Wrist Fracture 
Questionnaire

Lips (16)

PFW Patient Focused Wrist Outcome Instrument Bialocerkowski (17)
TSK Tampa Scale of Kinesophobia Kori (18)
CAT Catastrophizing Subscale of the Coping Strategies 

Questionnaire
Rosenstiel (19)

SES Self-Efficacy Scale Altmaier (20)

Overall results

In the 19 included studies, a total of 12 PROM’s were evaluated (Table 2). In three 
papers, multiple PROM’s were evaluated, three(32), three(33) and five(34) respecti-
vely. Most studies (80%) evaluated more than one measurement property. None of 
the studies evaluated structural validity. Criterion validity was also never evaluated. 
However, this was as expected, since there are no measurement instruments that can 
be used as a ‘gold standard’, which is a prerequisite of this measurement property. A 
complete overview of the study characteristics is shown in Table 3. 

Of all PROMs, the PRWE has been studied most extensively, followed by the DASH. 
The eight studies evaluating the PRWE assessed almost all measurement properties: 
seven out of the nine (Table 4a).However, the methodological quality of these studies 
was overall low, varying from poor to fair for internal consistency, reliability, mea-
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surement error, cross cultural validity and responsiveness; and varying from poor to 
good for content validity and hypothesis testing. Interpretability was also assessed, 
but these studies were of poor methodological quality. 

The four studies evaluating the DASH (32,34-36) assessed less than half of the mea-
surement properties: four out of nine. The methodological quality of these studies was 
generally low, varying from consistently poor for internal consistency, poor to fair for 
reliability, to consistently fair for responsiveness. Measurement error, content validity, 
hypothesis testing, cross cultural validity and interpretability were never assessed (Table 
4a). 

Table 3 – Study characteristics * It can be deduced
Measurement     Mean age Gender    
instrument Study n  (range or SD) Male (%) Country Language
PRWE Gabl(41) 133 62 (19-92) 27 Austria German*
  Hemelaers(42) 44 56 (15) 36 Switzerland German
  MacDermid(43) 36 / 101 45 (10) / 50 (16) 33 / 31 Canada English*
  MacDermid(32) 59 53 (18) 37 Canada English*
  Wilcke(35) 99 58 (18) 20 Sweden Swedish

Lovgren(34) 16 52 (12) 19 Sweden Swedish
Mehta(44) 50 46 (14) 56 India Hindi

Kim(45) 63 56 (19-83) 27 Rep. Korea Korean
Schonnemann(46) 60/29 55 (19-86) 27 Denmark Danish

Walenkamp(47) 102 59 (48-66) 30 Netherlands Dutch
DASH Macdermid(32) 59 53 (18) 37 Canada English*
  Westphal(36) 107 59 (17-84) 27 Germany German
  Westphal(48) 72 60 (16) 29 Germany German

Lovgren(34) 16 52 (12) 19 Sweden Swedish
MHQ Kotsis(49) 47 / 37 48 (17) / 51(16) 32 / 38 USA English
  Shauver(50) 51 50 (19-83) 37 USA English

Waljee(51) 128 61 (9) 27 USA/UK English*
SF-36 Amadio(33) 21 57 (14-84) 14 USA English*
  MacDermid(32) 59 53 (18) 37 Canada English*
PEM Forward(52) 200 54 (24-80) 36 UK English*
AIMS2 Amadio(33) 21 57 (14-84) 14 USA English*
BWH-CTQ Amadio(33) 21 57 (14-84) 14 USA English*
IOF-WFQ Lips(16) 105 63 (8) 12 UK/NL/Ita/

Bel
English/Dutch/

Italian*
PFW Bialocerkowski(53) 26 62 (22-84) 15 Australia English
TSK Lovgren(34) 16 52 (12) 19 Sweden Swedish
CAT Lovgren(34) 16 52 (12) 19 Sweden Swedish
SES Lovgren(34) 16 52 (12) 19 Sweden Swedish
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Of the other ten PROMs, one to three measurement properties were assessed. 
These concerned mostly internal consistency, reliability and responsiveness. Overall, 
the methodological quality of these clinimetric studies was at best poor to fair (Tabel 
4b). This is mainly due to the low sample size in the majority of these studies. Secon-
dly, the high amount of items that were scored as “not applicable”. Finally, the lack of 
description surrounding the statistical methods that were used also contributed to the 
poor rating. A full overview of all the ratings is shown in Appendix 2

Level of evidence of the measurement properties per PROM

The synthesis of results per PROM and their accompanying level of evidence are pre-
sented in Table 5. 

The highest levels of evidence were found for the measurement properties of the 
PRWE. Nevertheless, the evidence is at best limited to moderate. For instance, relia-
bility (assessed in 78% of the studies) ranged from 0.81-0.97 (Table 5). Three studies 
were of poor methodological quality, and four were of fair quality (Table 4). Therefore, 
the synthesis of these results is that there is moderate evidence supporting good 
reliability. There is also moderate evidence that the validity (content and hypothesis 
testing), and responsiveness are good. The evidence is limited that its internal con-
sistency and cross-cultural validity is good, and its measurement error is acceptable. 
There is no evidence for its structural and criterion validity. The evidence for the DASH 
is moderate that its responsiveness is good. The evidence is limited that its reliability 
and the validity on hypotheses testing is good. There is no evidence for the other 
measurement properties The evidence for the other ten PROMs is mainly unknown, 
since the quality of the studies that evaluated some of its measurement properties 
(mainly internal consistency, reliability and/or responsiveness) were mainly of poor 
methodological quality. 
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DISCUSSION 

The aim this systematic review was to evaluate the methodological quality of the clini-
metric studies that evaluated measurement properties of the available PROMs used in 
patients with distal radius fractures, and to make recommendations for the selection 
of PROMs based on the level of evidence of each individual measurement property

Key findings

The two PROMs that were most extensively evaluated were the PRWE (with 7 out of 
9 measurement properties investigated) and the DASH (with 4 out of 9 investigated). 
The methodological quality of these studies ranged at best from poor to good. So, 
after synthesis of the scores and incorporating the levels of evidence, the quality of 
these two PROMS is not supported with strong levels of evidence on any of the mea-
surement properties. For the PRWE, there is at best moderate evidence supporting a 
good reliability, content validity, hypotheses testing and responsiveness. The evidence 
is only limited that the measurement error is acceptable and the cross-cultural validity 
and internal consistency are good. Structural validity and criterion validity were never 
evaluated, so these lack in evidence. The evidence for interpretability, which is not 
a measurement property, is unknown, since this was only evaluated in three studies 
with poor methodological quality. The DASH showed at best moderate evidence for 
good responsiveness and limited evidence for good hypotheses testing and reliability. 
All other measurement properties were found to be lacking in evidence. 

These findings do not mean that these and other PROMs have bad measurement 
properties, an thus are of poor quality. Since we found that overall, the measurement 
properties were good, but the methodological quality of these studies was overall low, 
it does mean that these results may be biased. Therefore, the results of our review 
do imply that studies of higher methodological quality are needed to properly assess 
their measurement properties. For instance, many PROMs are translated into multiple 
languages. The PRWE has been correctly translated in 14 languages, following the 
translation process described by Beaton et al.(37) Nevertheless we only found cross 
cultural validity studies for the Swedish, Hindi, Korean and Danish version, because 
the other translated versions were not adequately evaluated on their cross cultural 
validity. However, our search was limited to English, German and Dutch, so it can be 
assumed that the cross-cultural validity was evaluated but the results were not publis-
hed in any of these languages. 
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Comparison of results with previous literature 

Previous reviews described a variety of PROMS measuring wrist and/or hand disorders 
in general, but not PROMs specific to distal radius fractures. Goldhahn et al(25) advise 
using a combination of a disease specific PROM (PRWE), an extremity specific PROM 
(DASH) and a generic PROM (SF-36). Changulani et al(22) compared the measurement 
properties of four PROMs for wrist and hand disorders. They concluded that the PRWE 
is the most responsive instrument for evaluating outcomes in patients with a distal 
radius fracture. These conclusions were drawn before the COSMIN checklist was avai-
lable. Since the methodological quality of the clinimetric studies was not taken into 
account, and these results might therefore be biased. Especially since in the current 
review we found that the methodological quality of these studies was at best fair. 
Therefore, we can only conclude that both this good responsiveness of the DASH and 
PRWE is supported by moderate evidence. 

Hoang-Kim et al.(21) assessed the quality of reviews published on currently used 
PROM’s for assessing function of the hand and wrist joints. Although they used COS-
MIN’s taxonomy, terminology and definitions to define the different measurement 
properties, they did not systematically review the methodological quality of these 
studies. Nevertheless they concluded that the PRWE has good construct validity and 
responsiveness, and found this to be only slightly better than the DASH for asses-
sing patients with wrist injuries. Based on the results of our review we agree that the 
PRWE is slightly better investigated than the DASH, but disagree with their rating of 
“good” on some measurement properties. This difference may occur because we did 
incorporate the methodological quality of these studies by using the COSMIN checklist 
instead of only using the COSMIN taxonomy.

Study strengths 

To our knowledge, this is the first study that has used the COSMIN checklist to syste-
matically review the methodological quality of studies on the measurement properties 
of PROMs in the evaluation of treatment of distal radius fractures. Furthermore, the 
quality of each study was assessed by two independent reviewers, as recommended 
by the COSMIN group and a third reviewer in cases of disagreement. Using these 
methods, we were able to minimize subjective judgment having an influence on the 
outcome. We searched for relevant articles from 1990 onwards, so consider it unlikely 
that any relevant PROMs were missed. This is especially true since most PROMs were 
developed after 1990. Since we found 19 studies eligible from a possible 1508, this 
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shows that our search strategy was very broad and inclusive. Yet, it also demonstrates 
that the literature on this topic is somewhat lacking. Our search was not just limited 
to the English language, as both reviewers have good knowledge of the German and 
Dutch language as well.

Study weaknesses

There were some limitations to this review. As in all reviews, publication bias from 
unpublished studies may threaten the internal validity as unpublished studies are 
more likely to report negative or unfavourable results. Another limitation of this study 
was that it was not always clear to the reviewers if specific methodological aspects 
were not reported or not performed, making it impossible to distinguish between poor 
study reporting and poor methodological quality. We did not contact the authors of 
the studies to clarify these issues. It can be assumed that some studies have been 
executed properly but are not sufficiently well described according to the COSMIN 
criteria. This may have affected the quality ratings.

The shortcomings of outcome measurement research in distal radius fractures 
exposed by this review can not just be generalized to all clinimetric research in ortho-
pedic surgery. However, it is known that strong evidence supporting good quality of 
multiple PROMs  for various pathology is lacking.(38-40) So we advise the reader to be 
cautious when choosing a PROM based on the results of clinimetric studies without 
considering the methodological quality of these studies.

For future research, we believe that it is especially important to further evaluate 
the measurement properties and interpretability of the PRWE and DASH outcome 
measures in higher quality studies. Based on the results of the available clinimetric 
studies there is no evidence that these PROMs are not useful to evaluate the treat-
ment of distal radius fractures. So we do not see a reason to develop a new instrument 
for the evaluation of treatment of distal radius fractures. Therefore, for now, based on 
the best available evidence, we recommend to use the PRWE or DASH to evaluate the 
outcome of treatment in patients with distal radius fractures. But we cannot stress 
strongly enough that more clinimetric studies of higher methodological quality are 
needed to select the PROMs more carefully.
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CONCLUSION

According to this systematic review, strong evidence supporting good quality of any 
of the current available PROMs in patients with distal radius fractures is lacking. The 
evidence that the responsiveness of the PRWE and DASH are good is moderate, as is 
the evidence for good validity and reliability of the PRWE. We therefore recommend 
these PROMs in clinical studies in patients with distal radius fractures, however, more 
clinimetric studies of higher methodological quality are needed to adequately deter-
mine its other measurement properties. If the methodological quality of clinimetric 
studies continues to increase, PROMs can be selected more carefully. 
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APPENDIX 1
Search PUBMED systematic review distale radius#
(#1 AND #2 AND #3 NOT #4) AND (english[Language] OR German[Language] OR Dutch[Language]) 
AND (“1990”[Publication Date] : “3000”[Publication Date])

#1 
activities of daily living[MeSH Terms] OR “activities of daily living”[Text Word] OR “activities of 
daily life”[Text Word] OR “physical activity”[Text Word] OR “physical function “[Text Word] 
OR “functional ability”[Text Word] OR “everyday functioning”[Text Word] OR “functional 
status”[Text Word] OR “function”[Text Word] OR “physical impairment”[Text Word] OR “after 
hand therapy”[Text Word] OR “Boston questionnaire” [Text Word] OR “Brigham and Women’s 
carpal tunnel questionnaire”[Text Word] OR “DASH”[Text Word] OR “disabilities of arm, shoulder 
and hand”[Text Word] OR “quick DASH”[Text Word] OR “forearm symptom severity scale”[Text 
Word] OR “functional index”[Text Word] OR “Gartland and Werley scoring system”[Text Word] 
OR “Green and O’Brien”[Text Word] OR “Michigan Hand outcomes Questionnaire”[Text Word] OR 
“MHQ”[Text Word] OR “New York Orthopedic Hospital wrist rating system”[Text Word] OR “pa-
tient focused wrist outcome”[Text Word] OR “patient outcomes of surgery-hand/arm”[Text Word] 
OR “POS-hand/arm”[Text Word] OR “patient rated wrist evaluation”[Text Word] OR “ PRWE”[Text 
Word] OR “sequential occupational dexterity assessment”[Text Word] OR “SODA”[Text Word]

#2
radius fractures[MeSH Terms] OR colles’ fracture[MeSH Terms] OR “radius fractures”[Text Word] OR 
“colles’s fracture”[Text Word] OR “colles’ fracture”[Text Word] OR “colles fracture”[Text Word] OR 
“distal radius fracture”[Text Word] OR “wrist fracture”[Text Word] OR “antebrachial fracture”[Text 
Word] OR “distal radial fracture”[Text Word] OR “radial fracture”[Text Word] OR “forearm 
fracture”[Text Word] OR “fore-arm fracture”[Text Word] OR “distal forearm fracture”[Text Word] 
OR “smith fracture”[Text Word] OR “smith’s fracture”[Text Word] OR “smiths fracture”[Text Word] 
OR “barton’s fracture”[Text Word] OR “barton fracture”[Text Word] OR “bartons fracture”[Text 
Word] OR “chauffeur fracture”[Text Word] OR “chauffeurs fracture”[Text Word] OR “chauffeur’s 
fracture”[Text Word]

#3 
(instrumentation[sh] OR methods[sh] OR “Validation Studies”[pt] OR “Comparative Study”[pt] OR 
“psychometrics”[MeSH] OR psychometr*[tiab] OR clinimetr*[tw] OR clinometr*[tw] OR “outcome 
assessment (health care)”[MeSH] OR “outcome assessment”[tiab] OR “outcome measure*”[tw] 
OR “observer variation”[MeSH] OR “observer variation”[tiab] OR “Health Status Indicators”[Mesh] 
OR “reproducibility of results”[MeSH] OR reproducib*[tiab] OR “discriminant analysis”[MeSH] 
OR reliab*[tiab] OR unreliab*[tiab] OR valid*[tiab] OR “coefficient of variation”[tiab] OR 
coefficient[tiab] OR homogeneity[tiab] OR homogeneous[tiab] OR “internal consistency”[tiab] 
OR (cronbach*[tiab] AND (alpha[tiab] OR alphas[tiab])) OR (item[tiab] AND (correlation*[tiab] 
OR selection*[tiab] OR reduction*[tiab])) OR agreement[tw] OR precision[tw] OR imprecision[tw] 
OR “precise values”[tw] OR test-retest[tiab] OR (test[tiab] AND retest[tiab]) OR (reliab*[tiab] 
AND (test[tiab] OR retest[tiab])) OR stability[tiab] OR interrater[tiab] OR inter-rater[tiab] OR 
intrarater[tiab] OR intra-rater[tiab] OR intertester[tiab] OR inter-tester[tiab] OR intratester[tiab] 
OR intra-tester[tiab] OR interobserver[tiab] OR inter-observer[tiab] OR intraobserver[tiab] OR 
intra-observer[tiab] OR intertechnician[tiab] OR inter-technician[tiab] OR intratechnician[tiab] 
OR intra-technician[tiab] OR interexaminer[tiab] OR inter-examiner[tiab] OR intraexaminer[tiab] 
OR intra-examiner[tiab] OR interassay[tiab] OR inter-assay[tiab] OR intraassay[tiab] OR intra-
assay[tiab] OR interindividual[tiab] OR inter-individual[tiab] OR intraindividual[tiab] OR intra-
individual[tiab] OR interparticipant[tiab] OR inter-participant[tiab] OR intraparticipant[tiab] 
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OR intra-participant[tiab] OR kappa[tiab] OR kappa’s[tiab] OR kappas[tiab] OR repeatab*[tw] 
OR ((replicab*[tw] OR repeated[tw]) AND (measure[tw] OR measures[tw] OR findings[tw] OR 
result[tw] OR results[tw] OR test[tw] OR tests[tw])) OR generaliza*[tiab] OR generalisa*[tiab] OR 
concordance[tiab] OR (intraclass[tiab] AND correlation*[tiab]) OR discriminative[tiab] OR “known 
group”[tiab] OR “factor analysis”[tiab] OR “factor analyses”[tiab] OR “factor structure”[tiab] 
OR “factor structures”[tiab] OR dimension*[tiab] OR subscale*[tiab] OR (multitrait[tiab] AND 
scaling[tiab] AND (analysis[tiab] OR analyses[tiab])) OR “item discriminant”[tiab] OR “inters-
cale correlation*”[tiab] OR error[tiab] OR errors[tiab] OR “individual variability”[tiab] OR “in-
terval variability”[tiab] OR “rate variability”[tiab] OR (variability[tiab] AND (analysis[tiab] 
OR values[tiab])) OR (uncertainty[tiab] AND (measurement[tiab] OR measuring[tiab])) OR 
“standard error of measurement”[tiab] OR sensitiv*[tiab] OR responsive*[tiab] OR (limit[tiab] 
AND detection[tiab]) OR “minimal detectable concentration”[tiab] OR interpretab*[tiab] OR 
((minimal[tiab] OR minimally[tiab] OR clinical[tiab] OR clinically[tiab]) AND (important[tiab] OR 
significant[tiab] OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR (small*[tiab] 
AND (real[tiab] OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR “meaningful 
change”[tiab] OR “ceiling effect”[tiab] OR “floor effect”[tiab] OR “Item response model”[tiab] OR 
IRT[tiab] OR Rasch[tiab] OR “Differential item functioning”[tiab] OR DIF[tiab] OR “computer adap-
tive testing”[tiab] OR “item bank”[tiab] OR “cross-cultural equivalence”[tiab])

#4 (NOT) 
(“addresses”[Publication Type] OR “biography”[Publication Type] OR “case reports”[Publication 
Type] OR “comment”[Publication Type] OR “directory”[Publication Type] OR “editorial”[Publication 
Type] OR “festschrift”[Publication Type] OR “interview”[Publication Type] OR “lectures”[Publication 
Type] OR “legal cases”[Publication Type] OR “legislation”[Publication Type] OR “letter”[Publication 
Type] OR “news”[Publication Type] OR “newspaper article”[Publication Type] OR “patient educati-
on handout”[Publication Type] OR “popular works”[Publication Type] OR “congresses”[Publication 
Type] OR “consensus development conference”[Publication Type] OR “consensus development con-
ference, nih”[Publication Type] OR “practice guideline”[Publication Type]) NOT (“animals”[MeSH 
Terms] NOT “humans”[MeSH Terms])
Search Embase systematic review distale radius# (597 hits)
Limits:	 Publication Date (1990-present)
	 Language: (English, Dutch, German)

#1 
exp recreation/ OR exp daily life activity/ OR exp physical capacity/ OR activities of daily living OR 
activities of daily life OR physical activity OR physical function OR functional ability OR everyday 
functioning OR functional status OR function OR physical impairment OR after hand therapy OR 
Boston questionnaire OR Brigham Womens carpal tunnel questionnaire OR DASH OR quick DASH 
OR forearm symptom severity scale OR functional index OR Gartland Werley scoring system OR 
Green Brien OR Michigan Hand outcomes Questionnaire OR MHQ OR New York Orthopedic Hos-
pital wrist rating system OR patient focused wrist outcome OR patient outcomes of surgery-hand/
arm OR POS-hand/arm OR patient rated wrist evaluation OR PRWE OR sequential occupational 
dexterity assessment OR SODA

#2
exp radius fracture/ OR exp colles fracture/ OR exp forearm fracture/ OR exp wrist fracture/ OR 
radius fracture* OR colles fracture* OR distal radius fracture OR wrist fracture* OR antebrachial 
fracture* OR radial fracture* OR forearm fracture* OR smith fracture* OR smiths fracture* OR 
barton fracture* OR bartons fracture* OR chauffeur fracture* OR chauffeurs fracture*
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#3
(instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics OR 
psychometr* OR clinimetr* OR clinometr* OR outcome assessment OR “outcome assessment” OR 
outcome measure* OR “observer variation” OR observer variation OR “Health Status Indicators” 
OR “reproducibility of results” OR reproducib* OR “discriminant analysis” OR reliab* OR unre-
liab* OR valid* OR coefficient OR homogeneity OR homogeneous OR “internal consistency” OR 
(cronbach* AND (alpha OR alphas)) OR (item AND (correlation* OR selection* OR reduction*)) OR 
agreement OR precision OR imprecision OR “precise values” OR test-retest OR (test AND retest) 
OR (reliab*  AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater OR intra-
rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver OR inter-obser-
ver OR intraobserver OR intraobserver OR intertechnician OR inter-technician OR intratechnician 
OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer OR intra-examiner OR 
interassay OR inter-assay OR intraassay OR intra-assay OR interindividual OR inter-individual OR 
intraindividual OR intra-individual OR interparticipant  OR inter-participant OR intraparticipant OR 
intra-participant OR kappa OR repeatab* OR ((replicab* OR repeated) AND (measure OR measures 
OR findings OR result OR results OR test OR tests)) OR generaliza* OR generalisa* OR concordance 
OR (intraclass AND correlation*) OR discriminative OR “known group” OR factor analysis OR fac-
tor analyses OR dimension* OR subscale* OR (multitrait AND scaling AND (analysis OR analyses)) 
OR item discriminant OR interscale correlation* OR error OR errors OR “individual variability” OR 
(variability AND (analysis OR values)) OR (uncertainty AND (measurement OR measuring)) OR 
“standard error of measurement” OR sensitiv* OR responsive* OR ((minimal OR minimally OR cli-
nical OR clinically) AND (important OR significant OR detectable) AND (changeOR difference)) OR 
(small* AND (real OR detectable) AND (change OR difference)) OR meaningful change  OR “ceiling 
effect” OR “floor effect” OR “Item response model” OR IRT OR Rasch OR “Differential item func-
tioning” OR DIF OR “computer adaptive testing” OR “item bank” OR “cross-cultural equivalence”)

#4 (NOT)
“Not applicable”
Search CINAHL + Psycinfo systematic review distal radius# 
Limits: 	 Publication date 1990-present
 English/dutch/german

#1 
(“activities of daily living*” OR “activities of daily life*” OR “physical activity*” OR “physical functi-
on*” OR “functional ability*” OR “everyday functioning*” OR “functional status*” OR “function*” 
OR “physical impairment*” OR “after hand therapy*” OR “Boston questionnaire*” OR “Brigham 
and Womens* carpal tunnel questionnaire*” OR “DASH” OR “disabilities of arm, shoulder and 
hand” OR “quick DASH” OR “forearm symptom severity scale*” OR “functional index*” OR “Gart-
land and Werley scoring system” OR “Green and Brien” OR “Michigan Hand outcomes Question-
naire” OR “MHQ” OR “New York Orthopedic Hospital wrist rating system” OR “patient focused 
wrist outcome” OR “patient outcomes of surgery-hand/arm” OR “POS-hand/arm” OR “patient ra-
ted wrist evaluation” OR “ PRWE” OR “sequential occupational dexterity assessment” OR “SODA”)

#2
(“radius fracture*” OR “colles fracture*” OR “distal radius fracture” OR “wrist fracture*” OR “an-
tebrachial fracture*” OR “distal radial fracture” OR “radial fracture” OR “forearm fracture*” OR 
“smith fracture*” OR “smiths fracture*” OR “barton fracture*” OR “bartons fracture*” OR “chauf-
feur fracture*” OR “chauffeurs fracture*”)
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#3
((instrumentation OR methods OR Validation Studies OR Comparative Study OR psychometrics OR 
psychometr* OR clinimetr* OR clinometr* OR outcome assessment OR “outcome assessment” OR 
outcome measure* OR “observer variation” OR observer variation OR “Health Status Indicators” 
OR “reproducibility of results” OR reproducib* OR “discriminant analysis” OR reliab* OR unre-
liab* OR valid* OR coefficient OR homogeneity OR homogeneous OR “internal consistency” OR 
(cronbach* AND (alpha OR alphas)) OR (item AND (correlation* OR selection* OR reduction*)) OR 
agreement OR precision OR imprecision OR “precise values” OR test-retest OR (test AND retest) 
OR (reliab*  AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater OR intra-
rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver OR inter-obser-
ver OR intraobserver OR intraobserver OR intertechnician OR inter-technician OR intratechnician 
OR intra-technician OR interexaminer OR inter-examiner OR intraexaminer OR intra-examiner OR 
interassay OR inter-assay OR intraassay OR intra-assay OR interindividual OR inter-individual OR 
intraindividual OR intra-individual OR interparticipant  OR inter-participant OR intraparticipant OR 
intra-participant OR kappa OR repeatab* OR ((replicab* OR repeated) AND (measure OR measures 
OR findings OR result OR results OR test OR tests)) OR generaliza* OR generalisa* OR concordance 
OR (intraclass AND correlation*) OR discriminative OR “known group” OR factor analysis OR fac-
tor analyses OR dimension* OR subscale* OR (multitrait AND scaling AND (analysis OR analyses)) 
OR item discriminant OR interscale correlation* OR error OR errors OR “individual variability” OR 
(variability AND (analysis OR values)) OR (uncertainty AND (measurement OR measuring)) OR 
“standard error of measurement” OR sensitiv* OR responsive* OR ((minimal OR minimally OR cli-
nical OR clinically) AND (important OR significant OR detectable) AND (changeOR difference)) OR 
(small* AND (real OR detectable) AND (change OR difference)) OR meaningful change  OR “ceiling 
effect” OR “floor effect” OR “Item response model” OR IRT OR Rasch OR “Differential item functi-
oning” OR DIF OR “computer adaptive testing” OR “item bank” OR “cross-cultural equivalence”))

#4 (NOT)
((addresses OR biography OR “case reports” OR comment OR directory OR editorial OR festschrift 
OR interview OR lectures OR “legal cases” OR legislation OR letter OR news OR “newspaper arti-
cle” OR “patient education handout” OR “popular works” OR congresses  OR “consensus deve-
lopment conference” OR “consensus development conference”, nih OR practice guideline) NOT 
(animals NOT humans))
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ABSTRACT

Background
The Patient-Rated-Wrist-Evaluation (PRWE) and the Disability of the Arm, Shoulder 
and Hand questionnaire (DASH) are patient-reported outcome measures (PROM) 
used for clinical and research purposes. Methodological high quality clinimetric 
studies determining the measurement properties of these PROMs when used in 
patients with distal radius fractures are lacking. This study aimed to validate the 
PRWE and DASH in Dutch patients with displaced distal radius fractures. 

Patients and methods
Internal consistency was determined using Cronbach’s α for the dimensions found 
in the factor analysis. The intra-class correlation coefficient (ICC) was used for 
(test-retest) reliability. The measurement error was expressed bij the smallest 
detectable change (SDC). A semi-structured interview was conducted to assess 
the content validity.

Results
19 patients (mean age 58 years (SD 15)), 74% female, completed PROMs at a 
mean time of 6 months (SD 1) post-fracture. One overall meaningful dimension 
was found for the PRWE and the DASH. Internal consistency was excellent for both 
PROMs (Cronbach’s α 0.96 (PRWE) and 0.97 (DASH)). Test-retest reliability was 
good (ICC 0.87) for the PRWE and excellent for the DASH (ICC 0.91). The SDC was 
20 for the PRWE and 14 for the DASH. No floor or ceiling effects were found. The 
content validity was good for both questionnaires.

Conclusion
The Dutch PRWE and DASH are valid and reliable PROMs in assessing function 
and disability in patients with displaced distal radius fractures. However, due to 
the high SDC the PRWE and DASH are less useful for individual patients with distal 
radius fractures in clinical practice.
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BACKGROUND

In order to conduct high quality clinical studies in the treatment of patients with distal 
radius fractures and to exchange results globally in a standardised way, there must be 
consensus on the use of outcomes. Instruments like Patient Related Outcome Measu-
rements (PROMs) are gaining importance in clinical trials of fracture treatment.(1) The 
methodological quality of these instruments is important; they should be valid and re-
liable. This should ideally be determined prior to use, as the quality of such instrument 
directly defines the quality of the information obtained with this instrument.(2) If not, 
one risks imprecise or biased results, potentially leading to wrong conclusions.(3) To 
assess the methodological quality of a PROM, standards are needed. The COnsensus-
based Standards for the selection of health Measurement INstruments (COSMIN) 
group set these standards for adequate study design and statistical analysis.(2) They 
also developed a checklist in an international Delphi study in which consensus was 
reached on terminology, definitions, and a taxonomy of measurement properties of 
PROMs.(3) 

Recently, we performed a systematic review in which we used this COSMIN check-
list to determine the methodological quality of studies that evaluated measurement 
properties of various PROMs used to evaluate outcome in patients with distal radius 
fractures.(4) The Patient-Rated Wrist Evaluation (PRWE) and the Disabilities of the 
Arm, Shoulder and Hand (DASH) were most extensively evaluated in terms of mea-
surement properties. However, strong evidence supporting good quality of any of the 
current available PROMs in patients with distal radius fractures is lacking. We found 
that overall, the measurement properties are good, but the methodological quality of 
these studies is overall low.(5-16). So, based on this review, we currently risk imprecise 
or biased results when using these PROMs in for instance clinical studies, and might 
base our knowledge on wrong conclusions. The review has shown that studies of 
higher methodological quality are needed to adequately determine its measurement 
properties. If the methodological quality of clinimetric studies continues to increase, 
PROMs can be selected more carefully.(4) 

In the current study, we aim to further examine which PROMs have the best mea-
surement properties for evaluation of functional outcome in patients with distal radius 
fractures. We will therefor determine the content validity, the (test-retest) reliability, 
internal consistency, measurement error, and floor and ceiling effects of the Dutch 
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PRWE and DASH in patients with distal radius fractures. The measurement properties 
will be assessed according to the recently formulated COSMIN standards.(2) 

PATIENTS AND METHODS

Study design

A multi center prospective cross-sectional clinimetric-study was performed between 
July 2012 and April 2013 at the orthopaedic and surgery departments of three partici-
pating hospitals. Ethics approval was obtained from the local medical ethical commit-
tee at all three hospitals (WO 12.064).

Study patients

Patients were eligible for inclusion if they were 18 years-of-age or older presenting 
with a displaced distal radius fracture in the emergency department requiring re-
duction. Both conservatively and surgically treated patients were included. Patients 
were excluded if they 1) had a prior fracture or pathology of the distal radius, 2) had 
multiple fractures 3) had cognitive impairment or 4) were unable to understand the 
Dutch language. 

We aimed to include at least 20 patients to assess the content validity, which is 
double the number that is required.(17) This group was retrieved at 8-12 weeks post 
fracture. 

In addition, we aimed to include at least 100 patients to assess the reliability do-
main, as required to obtain a high quality study according to the COSMIN guidelines.
(17) These patients were retrieved at 4-8 months post fracture and did not participate 
in the content validation. The The type of fracture was scored on radiographs accor-
ding to AO classification(18).

The PRWE is a self-administered, patient specific questionnaire, consisting 15 
items. The PRWE was designed to measure wrist pain and disability in activities of 
daily living. The PRWE consists of two subscales: pain and function. The pain subscale 
consists of five items and the subscale function is divided in six specific activities and 
four usual activities. Both subscales are summed and scored on a ten point ordinal 
scale.(7,19) The score of the subscale ‘pain’ is the sum of the five items. The score of 
the ‘function’ subscale is calculated by the sum of the ten items divided by two. The 
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total score of the PRWE is the sum of the scores of both subscales. A score of 100 
represent the worst functional score, whereas 0 represents no disability. 

In 2004 the PRWE was modified into the PRWHE (Patient Rated Wrist/Hand Evalu-
ation). The PRWHE consists of the same items and scoring system as the PRWE, with 
minor changes.(20) In the PRWHE the term ‘wrist’ was replaced by ‘wrist/hand’. Also, 
two aesthetic items, that are not part of the scoring system, were added. Therefore 
measurement properties of these two items were not assessed in this study. The 
PRWHE-Dutch-Language-Version (PRWHE-DLV) was used in this study.(21)

The DASH is a self-administered questionnaire, developed to evaluate symptoms 
and physical function of the whole upper extremity. It is scored in two components: 
the main disability/symptom section and two sections. The main component of the 
DASH is a 30-item scale concerning the patient’s health status during the preceding 
week: 21 items about the degree of difficulty in performing certain physical activities, 
five items about the severity of pain, activity-related pain, tingling, weakness and stif-
fness and four items concerning the effect of the upper extremity problems on social 
activities, work, sleep and self-image. Each item is scored on a five-point ordinal scale. 
To calculate the main DASH score, all completed responses are summed and averaged. 
This value is subtracted by one and multiplied by 25, giving a total score ranging from 
best to worst on a 0–100 scale.(22) At least 27 of the 30 items must be completed to 
calculate a score.

Both optional sections, high performance Sport/Music and Work consist of four 
items, scored on a five-point ordinal scale and calculated similarly. However all 5 items 
must be answered, as the percentage of missing items must not exceed 10%. The 
DASH-Dutch-Language-Version (DASH-DLV) was used in this study.(23) 

Assessment of measurement properties

Validity

Content validity examines the degree to which the content of a Health Related-Patient 
Reported Outcome Measurement (HR-PROM) is an adequate reflection of the con-
struct to be measured. For all measurement instruments, it is important that the con-
tent validity is assessed by experts. For PROMs, patients, particularly representatives 
of the target population, are the experts. They are the most appropriate assessors of 
the relevance of the items of the questionnaire.(24) 
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Content validity was assessed by phone. Eight weeks after incurring a distal radius 
fracture, patients were asked by phone to participate in the study. When patients 
agreed to participate, a semi-structured interview was conducted, in which the patient 
was asked about function. After the interview, a list was composed of the functional 
problems named during the interview. This list was compared with the items used in 
the PRWE and the DASH questionnaire. Content validity is based on judgement and 
no statistical testing is involved.(24) We considered the content validity to be good 
if 75% of the items of the PRWE and DASH matched the problems mentioned in the 
interviews.

Reliability

All patients who were eligible for inclusion received an information letter four to eight 
months after sustaining a distal radius fracture in which they were asked to participate 
in this study. Participants completed a web based questionnaire containing the PRWE 
and the DASH at home. If participants did not have access to the internet they could 
alternatively receive a paper version. Two weeks after completing the questionnaire 
for the first time patients received an email or letter in which they were asked to 
complete the questionnaire for the second time at home. In this two week interval, 
no major changes in the health status were expected and recall would be prevented.

The digital and paper versions of the DASH and PRWE were identical. All items on the 
web-based questionnaire were obligated to be answered, thus no missing items were 
expected. If a patient, who received a paper version had not answered all items he/she 
was contacted by phone and the patient was asked to answer the open items. If the 
patient did not want to answer any of these items they were excluded from the study.

The internal consistency is the degree of interrelatedness among items.(3) If items 
in a scale are summarized into a total score, it should be ascertained that the items 
are sufficiently correlated. This correlation is established by the internal consistency 
and indicates whether the items seem to measure the same construct.(25) If one item 
measures something else, it will have a lower item-total correlation than the other 
items. The internal consistency was assessed by using the first measurement of the 
test-retest reliability. 

Firstly, exploratory factor analysis was performed to the determine whether the 
PROM forms only one overall dimension or consisted of more than one dimension. 
Factor analysis was assessed by calculating eigenvalues. An eigenvalue of one or higher 
indicated a dimension. The eigenvalues were presented in a scree-plot. The relative 
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contribution of different dimension was judged based on the ‘elbow’ in the scree-plot 
and the percentage of variance.(24) If the PROM consisted of two or more dimensions, 
factor loading was assessed. Factor loading represents the correlation between the 
items in the PROM and the underlying dimensions. We considered factor loadings 
meaningful of at least 0.50.(26)

Internal consistency was determined by calculating the Cronbach’s α for the di-
mensions found in the factor analysis. If the Cronbach’s α has a value of > 0.70 items 
are considered sufficiently correlated.(27) However, values > 0.95 can indicate that 
the instrument contains too many items assessing the same underlying construct.(28)

The test-retest reliability is the proportion of the total variance in the measu-
rements, due to true differences between patients over time.(3) This refers to the 
degree to which the measurement instrument is free from measurement error and 
estimates the extent to which scores for patients who have not changed are the same 
for repeated measurements at different time points.(3,29) High reliability is important 
for discriminative purposes if one wants to distinguish among patients. The test-retest 
reliability was assessed by calculating the intra-class correlation coefficient (ICC) with 
a 95% confidence interval (CI). The ICC is a relative parameter and will always have 
a value between 0 and 1. Higher values represent higher reliability. An ICC of >0.70 
is considered acceptable, >0.80 good and >0.90 is considered excellent.(29) Only 
patients who completed the optional modules of the DASH both times were included 
for the test-retest assessment of these modules. 

The measurement error is the systematic and random error of a patient’s score 
that is not attributed to true changes in the construct to be measured.(3) When the 
measurement error is low or zero, the difference measured is due to true differences. 

To express the measurement error, the standard error of the measurement (SEM) 
and the smallest detectable change (SDC) can be used. The SEM represents the 
standard deviation of repeated measures of one individual. The SDC represents the 
minimal change that must occur on the scale to affirm that the change occurred is a 
real change and not a measurement error. The SEM was calculated from the square 
root of the variance between the measurements and the error variance of the ICC. For 
a conventional confidence level of 95%, the SDC was calculated as 1.96 x √2 x SEM.(24) 

The presence of floor or ceiling effects may have a negative effect on the quality 
of the instrument. If patients score primarily in the extremes, the responsiveness may 
be limited. Floor or ceiling effects were considered to be present if more than 15% of 
the respondents achieved the minimum or maximum possible score.(30) When taking 
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the SDC into account we should consider fl oor and ceiling eff ects more broadly. If a 
score is closer to the maximum or minimum score than the SDC, a change beyond the 
measurement error cannot be measured. We also assessed the percentage pati ents 
within the SDC range from both extremes. Floor and ceiling eff ects were assessed by 
using the fi rst measurement of the test-retest reliability.

Stati sti cal analyses

Stati sti cal analysis was conducted using the Stati sti cal Package for the Social Sciences 
(SPSS) version 18. 

RESULTS

Validity

35 pati ents met the inclusion criteria and received a phone call (Figure 1). Two pati ents 
refused parti cipati on in the study and 13 pati ents did not respond our phone call. 
Twenty pati ents were included in the study to assess the content validity and were 
interviewed.

Figure 1: Pati ent recruitment and exclusion for the assessment of the content validity
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The mean age was 59.30 (SD 13.61). Four times more females than men were inclu-
ded. Half of the patients had an AO subtype C1 fracture and most of the patients (65%) 
received conservative treatment (Table 1). The mean time between the fracture and 
the semi-structured interview was 9.85 weeks (SD 1.98).

Table 1. Study Characteristic
Internal 

consistency
Test-Retest Work module Sport module Content 

ValidityInt cons Test-Retest Int cons Test-Retest
Number of patients n = 119 n = 109 n = 84 n = 77 n = 70 n = 59 n = 20
Female, count (%) 88 (74%) 82 (75%) 60 (71.4%) 55 (71.4%) 52 (74.3%) 46 (78.0%) 16 (80%)
Mean age, years (SD) 58.40 

(15.32)
58.76 

(15.12)
53.74 

(13.76)
54.35 

(13.65)
55.37 

(15.24)
55.83 

(14.89)
59.30 

(13.61)
AO subtype , count (%)
A2
A3
B1
B2
B3
C1
C2
C3

25 (21.0%)
15 (12.6 %)

1 (0.8%)
0 (0%)

6 (5.0 %)
35 (29.4%)
30 (25.2%)

7 (5.9%)

23 (21.1%)
13 (11.9%)
1 (0.9%)
0 (0.0%)
5 (4.6%)
34 (31.2%)
27 (24.8%)
6 (5.5%)

18 (21.4%)
10 (11.9%)
1 (1.2%)
0 (0.0%)
5 (6.0%)
23 (27.4%)
23 (27.4%)
4 (4.8%)

17 (22.1%)
8 (10.4%)
1 (1.3%)
0 (0.0%)
4 (5.2%)
23 (29.9%)
21 (27.3%)
3 (3.9%)

14 (20%)
10 (14.3%)

1 (1.4%)
0 (0.0%)
3 (4.3%)

17 (24.3%)
22 (31.4%)

3 (4.3%)

12 (20.3%)
7 (11.9%)
1 (1.7%)
0 (0.0%)
2 (3.4%)
16 (27.1%)
19 (32.2%)
2 (3.4%)

4 (20%)
2 (10%)
0 (0%)
1 (5%)

2 (10%)
10 (50%)

1 (5%)
0 (0%)

Treatment, count (%)
Conservative
K-wire fixation
ORIF (volar plate)
ORIF (dorsal plate)
External fixation

73 (61.3%)
1 (0.8%)

39 (32.8%)
0 (0%)

6 (5.0%)

67 (61.5%)
1 (0.9%)
36 (33.0%)
0 (0.0%)
5 (4.6%)

51 (60.7%)
1 (1.2%)

30 (35.7%)
0 (0.0%)
2 (2.4%)

48 (62.3%)
1 (1.3%)
27 (35.%)
0 (0.0%)
1 (1.3%)

43 (61.4%)
1 (1.4%)

23(32.9%)
0 (0.0%)
3 (4.3%)

36 (61.0%)
1 (1.7%)
20 (33.9%)
0 (0.0%)
2 (3.4%)

13 (65%)
0 (0%)

6 (30%)
0 (0%)
1 (5%)

Characteristics of included patients for Internal consistency ( Int cons), Test-retest reliability and 
Content validity. SD: Standard deviation

A total of 74 problems were mentioned in the semi-structural interviews. All 15 items 
(100%) of the PRWHE were named in the interviews. Therefore we considered the 
content validity of the PRWHE to be good. Only one DASH item, ‘gardening’, was not 
mentioned in the interviews. 96.7% of the questions of the DASH were mentioned in 
the interviews, which we considered to be good content validity. Both work and sport 
were mentioned in the semi-structured interview. Therefore we consider the content 
validity of both optional modules of the DASH to be good.
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Figure 2: Pati ent recruitment and exclusion for the assessment of internal consistency, test-retest 
reliability and measurement error

Reliability

Of the 297 pati ents who entered the emergency room at one of the three parti cipati ng 
hospitals during the study period with a displaced distal radius fracture requiring re-
ducti on, a total of 119 pati ents met the inclusion criteria and completed the questi on-
naire the fi rst ti me aft er a mean ti me of 6.15 months (SD 1.00). Approximately three 
ti mes more women were included and about two third had an intra-arti cular fracture. 
Ten pati ents did not respond to the second measurement. Therefore, 119 pati ents 
were included for the assessment of the internal consistency and 109 pati ents were in-
cluded to assess the test-retest reliability and measurement error (Figure 2).The mean 
ti me between the fi rst and second assessment was 18.66 days (SD 7.27) No major 
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change in health status took place in any of the patients in between the measurement 
points, so no patients were excluded for that reason. Since not all patients were em-
ployed and/or played a sport or instrument, the optional work and sport modules of 
the DASH were assessed with fewer patients. The exact number of patients with their 
characteristics for each assessment are described in table 1. 

Table 2. Results Internal consistency, reliability and measurement error
PROM Cr α Mean T1 (SD) Mean T2 (SD) ICC (95% CI) SEM SDC

n=119 n=109 n=109
PRWE 0.96 26.92 (21.16) 25.97 (20.37) 24.95 (20.73) 0.87 (0.82-0.91) 7.38 20.47
DASH 0.97 19.55 (17.70) 18.83 (16.59) 19.36 (17.93) 0.91 (087-0.94) 5.10 14.12
DASH_Work 0.94 15.40 (20.61) 14.98 (18,74) 14.06 (19.93) 0.87 (0.80-0.92) 5.08 14.08
DASH_Sport 0.96 33.66 (32.26) 33.39 (32.57) 28.92 (30.01) 0.87 (0.79-0.92) 11.18 30.99

Cronbach’s alpha ( Cr α), Mean score at timepoint 1(T1) and 2(T2).  Intra Class Correlation (ICC). 
Standard Error Measurment (SEM) and Smallest Detectable Change (SDC) of the DASH and PRWE

Table 3. Floor and ceiling effects

PROM Absolute (%) SDC range  pt within SDC range(%)

Floor Ceiling Floor Ceiling Floor Ceiling

PRWHE 5.9 0.8 0-20.47 79.53-100 45.4 1.7

DASH 4.2 0 0-14.12 85.88-100 46.6 0.8

DASH_Work 44 1.2 0-14.08 85.92-100 58.3 2.4

DASH_Sport 20 8.6 0-30.99 69.01-100 65.7 18.6

No missing items were seen in the online completed questionnaires. Twenty-three pa-
tients completed the questionnaires on a paper version. No missing items were seen 
in the PRWE’s. Twice a missing item was seen in the DASH. Even after a phone consult 
the answer could not be retrieved (the patients did not want to answer the sexuality 
item of the DASH). Both patients were excluded for further assessment. 



CHAPTER 4

98

Figure 3: Screeplot PRWE. Only one dimension was extracted of the PRWE, which explained 
66.26% of the total variance.  The “elbow” in the scree plot was seen at the second component

The factor analysis was performed for both the PRWE and the DASH. Only one dimension 
was extracted of the PRWE, which explained 66.26% of the total variance. The “elbow” 
in the scree plot was seen at the second component. (Figure 3) The Cronbach’s α of the 
total PRWE was 0.96 (Table 2), indicating excellent internal consistency and redundancy. 
Removing items of the questionnaire did not result in a higher Cronbach’s α.

Five dimensions were extracted of the DASH. Item loading (Table 4) showed that 
the first dimension consisted of items, typically asking about the strength. The second 
dimension is more specific on function. The third dimension consisted of items about 
pain and disabilities. The fourth and fifth dimension consisted of two or more specific 
items. Dimension one explained 55.71% of the total variance and the scree-plot sho-
wed an ‘elbow’ at component two, insinuating only one overall meaningful dimension. 
(Figure 4) Therefore, despite extracting five dimensions we assessed the Cronbach’s α 
only for the total DASH and the optional modules.
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Table 4. Factor analysis DASH
Question Component
  1 2 3 4 5
1 0,76 0,24 0,26 0,14 0,15
2 0,14 0,81 0,15 0,06 0,11
3 0,33 0,48 0,39 0,35 0,26
4 0,35 0,46 0,43 0,31 0,34
5 0,62 0,34 0,34 0,28 0,05
6 0,53 0,51 0,17 0,21 0,08
7 0,61 0,35 0,40 0,31 0,11
8 0,62 0,36 0,24 0,35 0,29
9 0,45 0,58 0,22 0,31 0,20
10 0,73 0,10 0,21 0,34 0,24
11 0,86 0,07 0,15 0,20 0,23
12 0,41 0,53 0,18 0,48 0,13
13 0,20 0,64 0,09 0,52 0,23
14 0,14 0,57 0,25 0,42 0,17
15 0,28 0,42 0,21 0,58 0,39
16 0,27 0,68 0,24 0,37 0,20
17 0,20 0,45 0,31 0,59 0,25
18 0,57 0,49 0,32 0,07 0,19
19 0,61 0,40 0,32 0,20 0,19
20 0,29 0,15 0,19 0,75 0,12
21 0,27 0,27 0,27 0,65 0,24
22 0,20 0,12 0,77 0,22 -0,14
23 0,28 0,34 0,68 0,16 0,07
24 0,27 0,42 0,57 0,05 0,53
25 0,51 0,27 0,53 -0,03 0,38
26 0,17 0,08 0,04 0,29 0,70
27 0,53 0,14 0,44 0,23 0,40
28 0,19 0,19 0,59 0,24 0,28
29 0,30 0,31 0,12 0,23 0,68
30 0,32 0,03 0,58 0,28 0,22

Factor loadings > 0.50 are appropriate (marked).
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Figure 4: Screeplot DASH. Five dimensions were extracted of the DASH. Dimension one explained 
55.71% of the total variance and the “elbow” in the scree plot was seen at the second component, 
insinuating only one overall meaningful dimension.

The Cronbach’s α of the total DASH, the optional work and sport/music section were 
0.97, 0.94 and 0.96, respectively, indicating an excellent internal consistency. Remo-
ving items of the questionnaire did not result in a higher Cronbach’s α.

Table 2 shows the distribution of the data at the first and second measurement. 
The ICC of the PRWE was 0.87, which indicates good reliability. The SEM was 7.40 with 
a SDC of 20.51. The ICC of the total DASH, the optional work module and the sport 
module were 0.91, 0.87 and 0.87, indicating excellent reliability for the total DASH and 
good reliability for the optional modules. The SEM were 5.10, 5.08 and 11.18 with a 
SDC of 14.12, 14.08 and 30.99 respectively.

No floor or ceiling effects were found in the PRWE and total DASH questionnaire. 
Only floor effects were found in both optional modules of the DASH questionnaire. 
(Table 3). When taking the SDC in consideration, more than 15% of the scores of both 
the PRWE and the total DASH were within the SDC from the lowest possible score (45% 
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and 46%), showing a clear floor effect. Only the score for the optional sport module of 
the DASH questionnaire was within the SDC from the highest possible score. 

DISCUSSION

Although the PRWE and the DASH are the most thoroughly studied PROMs, the quality 
of these two PROMS was not supported with strong levels of evidence on any of the 
measurement properties to evaluate patients with distal radius fractures.(4) This 
study, in which the COSMIN standards were followed to ensure high methodological 
quality, provides strong evidence that both the PRWE and the DASH questionnaires 
have good content validity and are reliable and internally consistent instruments for 
the assessment of patients with distal radius fractures. 

Using semi-structured interviews with patients with distal radius fractures we 
found good content validity for both the PRWE and the DASH. In a previous study, only 
the developers of the PRWE assessed the content validity of the PRWE for patients 
with distal radius fractures.(7) They assessed the content validity by interviewing 
experts in relevant field of medicine instead of patients with distal radius fractures. 
However, the most appropriate assessors of the relevance of items on a questionnaire 
are the representatives of the target population.(24) To our knowledge this is the first 
study in which the assessment of the content validity of the DASH in patients with 
distal radius fractures was performed. A frequent remark was that the affected distal 
radius fracture was not the dominant side. Another remark was about cutting food. 
Most people cut food with their right hand. Five (female) patients stated that they 
experienced problems with putting on their bra. Overall, functional problems experi-
enced by patients with a distal radius fracture consisted of proceedings for which both 
hands are needed. 

To our knowledge this study is the first study in which a factor analysis of the PRWE 
and the DASH was performed specifically in patients with distal radius fractures. The 
PRWE was developed as a one-dimensional questionnaire. However, that dimension 
consists of two subscales (pain and function). Exploratory factor analysis extracted 
only one dimension of the PRWE. Therefore the Cronbach’s α was assessed only for 
the total 15 items on the PRWE. The DASH was also developed as a one-dimensional 
questionnaire, with two optional modules. However, we distracted five dimensions. 
Despite extracting five dimensions we assessed the Cronbach’s α only for the total 
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DASH, as the total score is calculated by using all 30 questions. Component one 
explained 57.71% of the total variance and the scree-plot showed an ‘elbow’ at com-
ponent two, insinuating only one overall meaningful dimension.

For both PRWE and DASH a high Cronbach’s α was found, respectively 0.96 and 
0.97, as comparable to previous validation studies.(5,6,9-15) However a Cronbach’s 
α>0.95 could indicate item redundancy. This suggests that some items can be remo-
ved when using one of these measurement instruments in patients with distal radius 
fractures. 

We determined a good (ICC=0.87) and excellent (ICC=0.91) reliability for the PRWE 
and DASH questionnaires respectively, which is comparable to other studies. This 
study is the third to report on measurement error of the PRWE and the first for the 
DASH in patients with distal radius fractures. In our study, the SDC of the DASH (14.1) 
was clearly lower than the SDC of the PRWE (20.5) which could imply that it is more 
useful, especially in clinical practice. 

Kim(12) reported a SDC of 4.4 for the PRWE in 63 patients with distal radius fractu-
res. We found a much higher SDC value of 20.5, indicating that a patient has to improve 
at least 20% of the total score to ensure an improvement beyond measurement error. 
This high difference can be partly explained by the fact that they used a confidence 
interval of 90% instead of 95%. In their study, outcomes were more homogeneous 
than in our study, which normally led to a lower ICC. However, surprisingly they cal-
culated a higher ICC than we did in our study. Based on their data we could not find 
an explanation for this difference. As a result their SDC was correspondingly very low. 

Walenkamp et all found a SDC of 11. This difference can also partly be explained 
by the fact that they a confidence interval of 90% instead of 95%. However, the main 
reason for this difference is probably that they used Cronbach´s α instead of test-.
retest parameters (eg. ICC) to calculate the SDC. Cronbach´s α is assessed at a single 
point in time and does not reflect the variation in scores when the measurement is 
assessed at different time points. Therefore it is not sufficient to base the SDC on 
Cronbach´s α.(24) 

John(31) reported a SDC of 22.5 in 51 patients with resection interposition arthro-
plasty for carpometacarpal osteoarthritis. Although these are different patients, their 
methodology, and therefore their results are more comparable.

For both the PRWE and the total DASH no (substantial) floor and ceiling effects 
were found. However, when the SDC is taken into account, respectively 45.4% and 
46.6% of the patients were within the SDC-range of a floor effect. No real health 
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improvement beyond measurement error could be detected in this group of patients. 
Besides the aforementioned high SDC, this floor effect makes the PRWE and DASH less 
useful for individual patients with distal radius fracture in clinical practice. However, 
when measuring groups of patients (e.g. a randomized controlled trial), the SDC is 
reduced by a factor √n, when n patients is studied.(24)

A strength of this study is that we used the COSMIN standards for adequate study 
design and statistical analysis and our large population of patients with distal radius 
fractures, with only 10 patients (8%) lost to follow up for the test-retest reliability. 
Furthermore, we had no missing items in the assessment of the reliability for the PRWE 
and only twice for the total DASH. This was an advantage of the online questionnaires 
with required questions.

A limitation of this study is that we could not determine the responsiveness and 
minimal important change (MIC) of the PRWE and DASH in patients with distal ra-
dius fractures. Responsiveness is defined as the ability to detect clinically important 
changes over time(3), MIC (minimal important change) is part of the measurement 
property responsiveness. The MIC of PRWE and DASH was determined in patients who 
were treated nonoperatively for isolated tendinitis, arthritis or nerve compression syn-
dromes from forearm to hand.(32) These data cannot be generalized to patients with 
distal radius fractures. Walenkamp et al determined the MIC for the PRWE in patients 
with distal radius fractures.(16) However, based on the COSMIN guidelines this study 
lacks high methodological quality.(4) Determining the MIC of the PRWE and DASH in 
patients with distal radius fractures should be an important part of future research.

CONCLUSION

The Dutch version of the PRWE and the DASH are valid and reliable PROMs in assessing 
function and disability in patients with displaced distal radius fractures. Due to the 
high SDC, the PRWE and DASH are less useful for individual patients with distal radius 
fractures in clinical practice.
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ABSTRACT

Background
Current studies on the additional benefit of using computerized tomography (CT) 
to evaluate surgeon agreement on fracture treatment plans are inconsistent. This 
inconsistency can be explained by a methodological phenomenon called “spec-
trum bias”, defined as the bias inherent when investigators choose a population 
lacking therapeutic uncertainty for evaluation. The aim of the study is to determine 
the influence of spectrum bias on the intraobserver agreement of distal radius 
fracture (DRF) treatment plans.

Patients and methods
Four surgeons evaluated 51 patients with displaced (DRF) at four time points: T1 
and T2: conventional radiographs (X-ray); T3 and T4: radiographs and additional 
CT scan (X-ray+CT). Choice of treatment plan (operative or nonoperative) and 
therapeutic certainty (5 point scale: very uncertain to very certain) were rated. 
To determine the influence of spectrum bias the intra observer agreement was 
analyzed, using Kappa statistics, for each degree of therapeutic certainty. 

Results
In cases with high therapeutic certainty, intraobserver agreement based on X-ray 
was almost perfect (range 0.86-0.90), but decreased to moderate based on X-
ray+CT (range0.47-0.60). In cases with high therapeutic uncertainty intraobserver 
agreement was slightly at best (range-0.12-0.19), but increased to a moderate 
based on X-ray+CT (range 0.56-0.57). 

Discussion
Spectrum bias influenced the outcome of this agreement study on treatment 
plans. An additional CT scan improves the intraobserver agreement on DRF tre-
atment plans only when there is therapeutic uncertainty. Reporting and analyzing 
intraobserver agreement based on the surgeon’s level of certainty is an appropri-
ate method to minimize spectrum bias. 
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INTRODUCTION

Various treatment methods are available for distal radius fractures (DRF), mostly 
guided by fracture characteristics and surgeons’ expertise.(1) Historically, plain radio-
graphs (X-ray) have played a large role in characterizing these different type of fractu-
res. However, it is known that plain radiographs are not the best modality for accurate 
assessment of the distal part of the radius. Especially when a surgeon cannot assess 
the exact morphology of DRFs from X-rays alone, the use of Computed Tomography 
(CT) has currently become a popular additional imaging modality to evaluate this more 
accurately.(2-4)

The increased popularity of using both X-ray and CT may be supported by previous 
study-results, which show that, as compared to plain radiographs alone, the addition 
of a CT is a more accurate modality to assess certain fracture characteristics (e.g. the 
amount of comminution, involvement of the distal radio-ulnar joint and the extent of 
articular surface depression).(2,3) 

So, adding a CT improves the accuracy of assessing fracture characteristics of DRFs. 
But does it also improve the agreement on treatment planning? Studies have found 
that the treatment plan (conservative or surgical) may shift after the addition of a CT. 
More specifically: when a treatment plan is based on both X-ray and CT, a surgeon is 
more likely to treat the patient with a DRF surgically than when the treatment plan 
is based on X-ray alone. However, the level of agreement in these treatments plans 
seems to be very inconsistent and varies as much as from no agreement to almost per-
fect agreement. (5-7). In addition, the agreement on treatment plans neither always 
improved when compared to X-rays alone. (5-7) One explanation for these apparently 
inconsistent results may be attributed to differences in the chosen study population in 
these agreement studies. 

Ideally, the test results should be evaluated in a study population which is a perfect 
resemblance of the population of interest. If not, test results may be biased, as a result 
of so called “spectrum bias”. If a clinically less appropriate population is chosen for a 
study of a diagnostic test, the results may seriously mislead clinicians.(8) 

For example, when only cases with grossly dislocated extra articular fractures, with 
inadequate positions after closed reduction, are selected in these studies, the intra 
observer agreement will probably be very high either based on X-rays or based on 
X-rays and CT. This is because the therapeutic uncertainty will be low: surgeons will 
most likely plan to operate, based on an X-ray alone, and one would not expect them 
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to change their treatment plan when they reassess a case with the addition of a CT. 
Therefore, this group of patients would not be an appropriate study population. If 
chosen, it would gives rise to spectrum bias, as this study population contains many 
cases without therapeutic uncertainty, and one would already expect that adding a CT 
scan will only minimally improve the intra observer agreement on treatment planning 
as when compared to using X-rays alone. 

 On the other hand, when only cases are selected in which the X-ray leaves room 
for interpretation, e.g. unclear presence or absence of intra-articular fracture lines, 
a possible step or gap deformity, the intra observer agreement will probably be low 
based on X-rays, because of the therapeutic uncertainty. Surgeons are more likely to 
obtain a CT scan for treatment planning, which is expected to improve the therapeutic 
certainty. Consequently, the intra observer agreement of the additional CT is expec-
ted to be higher in these cases. In fact, in clinical practice surgeons tend to use the 
additional CT scan for treatment planning especially in these cases where they lack 
therapeutic certainty.

Therefore, we wanted to evaluate the potential influence of spectrum bias, and 
examine whether or not the agreement on treatment plans is related to the surgeon’s 
level of therapeutic certainty on their treatment plan. .

To address the potential influence of spectrum bias, we will determine the influ-
ence of the surgeon’s level of therapeutic certainty on the intraobserver agreement in 
treatment plan in patients with displaced DRFs using X-ray alone or X-ray and CT. We 
hypothesised that 1) the intraobserver agreement is positively related to the surgeons’ 
therapeutic certainty, both on X-ray and X-ray plus CT, 2) the level of certainty is most 
strongly related to the intraobserver agreement based on X-ray, 3) the intraobserver 
agreement only improves by the addition of CT in therapeutic uncertain cases.

PATIENTS AND METHODS

Study design

This retrospective cohort study was conducted according to the Collaboration for 
Outcome Assessment in Surgical Trials (COAST) guidelines.(9) Ethics approval was 
obtained from the medical ethical committee at the Onze Lieve Vrouwe Gasthuis, 
Amsterdam, The Netherlands (WO 10.086). 
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Study patients

Between January 1st , 2007 and March 2nd , 2011 a database was established of patients 
with a displaced DRF seen at the Emergency Department in a busy teaching hospital in 
Amsterdam, The Netherlands (Onze Lieve Vrouwe Gasthuis). 

Patients were eligible for inclusion if they 1) presented with a displaced DRF in the 
emergency department, 2) were 18 years of age or older, 3) had no prior fracture or 
pathology of the distal radius, 4) had both pre- and post-reduction plain posterior-
anterior and lateral radiographs of the wrist, and 5) had an additional post-reduction 
CT, made within 5 days after the reduction in case of any doubt of the characteristics 
of the fracture, or when there was a possible indication for surgery. 

Observers

The panel consisted of four experienced Dutch surgeons, of which two were trauma 
surgeons [MS, RH] and two were orthopaedic surgeons [JH,PK]. They all have over 10 
years of experience in fracture treatment. All of them are responsible for the (distal 
radius) fracture care within their department. 

Time points

All surgeons scored the images at four different time points (T1-T4). The order of the 
images was randomized to differ at all time points. Each scoring round was performed 
with an interval of at least 4 weeks.

T1: pre- and post-reduction plain radiographs (T1 X-ray).
T2: pre- and post-reduction plain radiographs (T2 X-ray). 
T3: �pre- and post-reduction plain radiographs & axial, sagittal and coronal planes 

CT (T3 X-ray+CT).
T4: �pre- and post-reduction plain radiographs & axial, sagittal and coronal planes 

CT (T4 X-ray+CT). 

All images were digitalized and anonymized, and presented with the relevant clinical 
data (e.g., age of the patient, gender, dominant hand, profession and specific hobbies). 

Scoring form

Scoring included: 1) choice of treatment plan (nonoperative treatment with plaster 
after closed reduction, or operative treatment). 2) therapeutic certainty on the treat-
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ment plan (1) very uncertain; 2) uncertain; 3) somewhat uncertain, 4) certain, 5) very 
certain). 

Therapeutic certainty was defined as how confident the surgeon was about his 
treatment plan. For example if the surgeon was totally sure that he would treat a 
patient operatively he scored a 5 on the level of certainty. If he was unsure about the 
type of treatment he scored a 1 or 2 on the level of certainty.

Statistical analysis 

We determined the intraobserver agreement in two different ways. Firstly, we deter-
mined the intraobserver agreement on treatment plans for each surgeon separately 
and calculated the mean agreement for the four surgeons. 

Secondly, we analyzed the intraobserver agreement by the surgeon’s therapeutic 
certainty, scored at T1. Because of having relatively small numbers in the “very uncer-
tain” group, during the final data analysis we subsequently combined “very uncertain” 
and “uncertain” into one group. 

T1 and T2 were used to determine the intraobserver reliability for X-ray. 
T3 and T4 were used to determine the intraobserver reliability for X-ray+CT.

The agreement was determined using Kappa’s statistic. The Kappa-values will be inter-
preted according to Landis and Koch(10): a score <0 indicates no agreement, 0–0.20 
slight, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and >0.81indicates 
almost perfect agreement. 

Source of Funding

This research received no specific grant from any funding agency in the public, com-
mercial or not-for-profit sectors.
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Figure 1: Flow chart

RESULTS

Study parti cipants

During the study period, in 85 pati ents who entered the emergency room with a 
displaced DRF, a post-reducti on CT scan was made. A total of 51 pati ents met the 
complete inclusion criteria (Figure 1). Their mean age was 50 years (SD, 14). 75 per 
cent of the pati ents were female. The CT scan was performed a mean of 2.53 days 
post-reducti on (SD, 2.21).

Table 1 – Intra observer agreement for all cases

Observer
X-ray 

(T1 – T2)
X-ray+CT scan

(T3-T4)
Observer 1 0,48 (0,23-0,72) 0,60 (0,39-0,81)
Observer 2 0,50 (0,14-0,86) 0,40 (0,14-0,66)
Observer 3 0,61 (0,34-0,87) 0,79(0,39-1,00)
Observer 4 0,83 (0,67-0,99) 0,44(0,23-0,65)
Mean 0,69 (0,58-0,79) 0,57(0,45-0,69)

Kappa stati sti cs of the four observers and the mean with 95% confi dence interval (CI) in paren-
theses for treatment plan on plain radiographs (X-ray) and plain radiographs with an additi onal CT 
scan (X-ray+CT scan)
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Agreement treatment plans 

The mean intraobserver agreement, regardless the level of therapeutic certainty, 
on treatment plan based on X-ray is substantial (0.69). Adding a CT scan resulted in 
moderate agreement (0.57) (Table 1).

Table 2 presents the agreement when the level of therapeutic certainty is taken 
into account. Based on X-ray alone, the intraobserver agreement is found to be po-
sitively related to the level of therapeutic certainty: it increased from no agreement 
(-0.12) in therapeutic uncertain cases to almost perfect (0.86) in therapeutic certain 
cases . Based on X-ray and CT, the degree of intraobserver agreement is found to be 
unrelated to the level of therapeutic certainty: it was moderate (range 0.47 – 0.60) for 
all therapeutic cases. 

Table 2 – Intra observer agreement, based on surgeon’s level of certainty
X-ray 

(T1 – T2)
X-ray+CT scan

(T3-T4)
(very) uncertain -0,12(-0,62-0,38) No 0,57(0,18-0,95) Moderate
somewhat uncertain 0,19 (-0,11-0,48) Slight 0,56(0,26-0,87) Moderate
certain 0,90 (0,76-1,00) Almost perfect 0,47(0,19-0,75) Moderate
very certain 0,86 (0,76-0,96) Almost perfect 0,60(0,44-0,76) Moderate

Kappa statistics based on the surgeon’s level of certainty with 95% confidence interval (CI) in pa-
rentheses for treatment plan on plain radiographs (X-ray) and plain radiographs with an additional 
CT scan (X-ray+CT scan)

For those cases where there was therapeutic uncertainty on the treatment plan based 
on X-ray, adding of a CT improved the intraobserver agreement. It improved from none 
to slight agreement based on X-ray, to moderate agreement based on X-ray+CT. 

For those cases where there was therapeutic certainty on the treatment plan based 
on X-ray, adding of a CT worsened the intraobserver agreement. It decreased from 
almost perfect agreement (range 0.86-0.90) based on X-ray, to moderate agreement 
(range 0.47-0.60) based on X-ray+CT. 

DISCUSSION

Using X-ray’s alone, the level of therapeutic certainty is positively related to the in-
traobserver agreement, and even leading to no agreement when the surgeon is uncer-
tain on the treatment plan. This influence is not seen on the intraobserver agreement 
based on X-ray+CT scan. 
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In therapeutic uncertain cases the intra observer agreement on treatment plan im-
proves when an additional CT scan is used. In therapeutic certain cases the agreement 
is already perfect, so there is no room for improvement. In those cases we showed 
that an additional CT scan even diminished the agreement. 

This clearly shows that the CT scan can indeed improve the intraobserver agree-
ment on treatment plan, but only when there is therapeutic uncertainty. 

The results based on our entire study population, without taking the surgeon’s level 
of certainty into account, may let us conclude differently and are therefor misleading 
for clinicians. These results showed us that the intraobserver agreement on treatment 
plan did not increase when using additional CT scanning for decision making in treat-
ment plans for DRFs. Moreover, it was even less reliable (X-ray alone: Kappa 0.69; X-ray 
and CT: (Kappa 0.57). 

These differences in interpretation of our study results show the relevance of cor-
recting for spectrum bias. 

Previous literature

Our results could possibly explain the controversy in the additional value of CT scans 
for treatment planning in the existing literature. Clinicians do not need diagnostic tests 
when there is no therapeutic uncertainty. By adding the surgeons’ level of therapeutic 
certainty to our analysis we minimized spectrum bias, and so we were able to de-
termine the intraobserver agreement in a population with and without therapeutic 
uncertainty.

The controversy seen in DRF literature on agreement in treatment plan is also 
seen in other fracture types, eg proximal humerus fractures(11-13) and tibia plateau 
fractures(14-17). Although the CT scan has been shown to be more accurate to assess 
fracture characteristics, the studies which evaluated the agreement on treatment 
plans are inconsistent. Spectrum bias could not be excluded in these studies as well. 
Adding the surgeons’ level of therapeutic certainty could possibly overcome this issue.

Strength and limitations

The strength of our study is that all observers were experienced in judging DRF imaging 
and treatment. As seen in many agreement studies the average intraobserver agree-
ment will probably be slighter lower when you have less experienced surgeons. Howe-
ver, we would still expect a similar pattern: that the agreement based on X-ray is highly 
influenced by the surgeon’s level of certainty on the treatment plan. Furthermore, all 
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observers were blinded to the design and hypothesis of the study. Also, the order of 
images was randomized and the time in between scoring moments was adequate to 
avoid bias due to memory. Another strength of this study is that the COAST criteria 
were used to ensure we addressed all components of an agreement study. 

A limitation in this study is the skewed distribution over the different groups of 
certainty. To maintain power we had to combine “very uncertain” and “uncertain” in 
one group. 

Implications for future research

In summary, our study results show that there is an additional value of CT scanning 
over conventional radiographs in cases where there is therapeutic uncertainty in 
displaced DRFs. However, this does not mean that it has influence on the outcome of 
the patient. Prospective randomized studies should show whether the use of an ad-
ditional CT scan and their resulting management, in cases of therapeutic uncertainty, 
influences outcomes in patients with displaced DRFs. 

To the best of our knowledge, no previous agreement studies implemented the 
surgeon’s level of certainty in their analysis to minimize the effect of spectrum bias. 
This study shows that this is an appropriate method to determine the added value of a 
diagnostic tool to patients for whom the test would be clinically indicated. To address 
the current controversies in the additional value of CT scans for agreement in treat-
ment plans in fracture care we suggest to use this method to minimize spectrum bias.

CONCLUSION

Our study shows that spectrum bias may influence the outcome of agreement studies 
on treatment plans. An additional CT scan improves the intraobserver agreement on 
distal radius treatment plans only when there is therapeutic uncertainty. Reporting 
and analyzing intraobserver agreement based on the surgeon’s level of certainty is an 
appropriate method to minimize spectrum bias. 
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ABSTRACT

Background 
Distal radius fractures are common, costly, and increasing in incidence. Percutane-
ous Kirschner wire fixation (K-wires) and volar locking plates are two of the most 
commonly used surgical treatments for unstable dorsally displaced distal radius 
fractures. However, there is uncertainty regarding which of these treatments is 
superior. We performed a meta-analysis of randomized controlled trials to de-
termine whether patients treated with volar locking plates (1) achieved better 
function, (2) attained better wrist motion, (3) had better radiographic outcomes, 
and (4) had fewer complications develop than did patients treated with K-wires for 
dorsally displaced distal radius fractures. 

Methods 
We performed a comprehensive search of MEDLINE (inception to 2014, October 
Week 2), EMBASE (inception to 2014, Week 42), and the Cochrane Central Re-
gister of Controlled Trials to identify relevant randomized controlled trials; we 
supplemented these searches with manual searches. We included studies of both 
extraarticular and intraarticular distal radius fractures. Adjunctive external fixation 
was acceptable as long as the intent was to use only K-wires where possible and 
external fixation was used in less than 25% of the procedures. We considered a dif-
ference in the DASH scores of 10 as the minimal clinically important difference. We 
performed quality assessment with the Cochrane Risk of Bias tool and evaluated 
the strength of recommendations using the GRADE approach. Seven randomized 
trials with a total of 875 participants were included in the meta-analysis.

Results 
Patients treated with volar locking plates had slightly better function than did 
patients treated with K-wires as measured by their DASH scores at both 3 months 
(mean difference [MD], 7.5; 95% confidence interval [CI], 4.4-10.6; p < 0.001) and 
12 months (MD, 3.8; 95% CI, 1.2-6.3; p = 0.004).  Neither of these differences 
exceeded the a priori-determined threshold for clinical importance (10 points). 
There was a small early advantage in flexion and supination in the volar locking 
plate group (3.7° [95% CI 0.3°-7.1°, p = 0.04] and 4.1° [95% CI 0.6°-7.6°, p = 0.02] 
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greater, respectively) at 3-months, but not at later followup (6 or 12 months). 
There were no differences in radiographic outcomes (volar tilt, radial inclination, 
and radial height) between the two interventions.  Superficial wound infection 
was more common in patients treated with K-wires (8.2% versus 3.2%, RR = 2.6, p 
= 0.001), but otherwise no difference in complication rates was found.  

Discussion
Despite the small number of studies and the limitations inherent in a meta-
analysis, we found that volar locking plate demonstrates better DASH scores 
at 3- and 12-month followups as compared with K-wires for displaced distal 
radius fractures in adults; however, these differences were small and unlikely to 
be clinically important. Further research is required to better delineate if there 
are specific radiographic, injury, or patient characteristics that may benefit from 
volar locking plates in the short term and whether there are any differences in 
long-term outcomes and complications. 
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BACKGROUND

Distal radius fractures are common injuries with over 600,000 occurring annually in the 
North American population (4). The distributive pattern of these injuries is bimodal, 
affecting both young (predominantly male) adults through high-energy mechanisms 
and elderly (predominantly female) adults through low-energy falls and osteoporosis 
(32). Economic costs of distal radius fractures also are substantial—direct costs of 
care are more than USD 480 million in the United States annually; more than USD 
170 million of these costs are borne by publically funded Medicare (16, 39). As the 
population continues to age, the burden of distal radius fractures and the costs of 
care are expected to increase (33). Unfortunately, the treatment for these injuries 
is controversial (21). Therefore, determining effective evidence-based treatment of 
distal radius fractures is crucial.

There are multiple treatment options for patients with distal radius fractures, 
including closed reduction and cast immobilization, percutaneous K-wire fixation, 
fixation with volar or dorsal plates (locking or nonlocking), bridge plating, use of 
an external fixator, or a combination of these techniques. Although the best choice 
depends to some extent on the characteristics of the fracture (open/closed, nondis-
placed/displaced, extra-/intraarticular), there is very little high-quality evidence to 
inform this decision-making. For instance, clinical practice guidelines for distal radius 
fracture published by the American Academic of Orthopaedic Surgeons (AAOS) made 
29 recommendations; however, none of these recommendations was given a “strong” 
rating owing to limited strength of the evidence (25). 

Most randomized trials, and all meta-analyses conducted to date have focused on 
comparisons between external fixators and internal plate fixation (17, 26, 44). Howe-
ver, it is becoming less common for the majority of distal radius fractures to be treated 
with an external fixator because these devices can be bulky and inconvenient for 
patients and typically are reserved for more severe fracture types (32). According to 
US Medicare data, internal fixation is the most common surgical intervention for distal 
radius fracture in the United States, followed closely by percutaneous pinning with 
K-wires (3). To our knowledge, there have been no meta-analyses comparing these 
two common interventions despite multiple trials on the topic having been published 
(5, 12, 18, 20, 29, 30, 37). 

The objective of this study therefore was to perform a systematic review and 
meta-analysis of randomized trials comparing K-wire fixation to volar locking plates 
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for displaced distal radius fractures. The specific goals of this meta-analysis were 
to determine whether patients treated with volar locking plates 1) achieved better 
function, 2) attained better wrist motion, 3) had better radiographic outcomes, and 4) 
had fewer complications than did patients treated with K-wires for dorsally displaced 
distal radius fractures. 

MATERIALS AND METHODS

Search strategy and eEligibility

Our systematic review was conducted and reported in accordance with PRISMA 
guidelines (31). We performed a comprehensive search of three electronic medical 
databases: MEDLINE (inception to 2014, October Week 2), EMBASE (inception to 2014, 
Week 42), and the Cochrane Central Register of Controlled Trials (inception to Issue 9 
of 12, September 2014) to identify relevant trials. We also supplemented our search 
with manual review of recent conference abstracts (Orthopaedic Trauma Association 
2012-2014 and AAOS annual meetings 2012-2014) and reference lists. Reference 
Manager Software Version 12 (Thomson Reuters, Philadelphia, PA, USA) was used 
to manage the search. Our inclusion criteria were randomized controlled trials that 
compared volar locking plates with K-wires for distal radius fractures. We did not 
distinguish between the type of K-wire technique used (such as Kapandji, interfrag-
mentary, mixed, or other). We defined a volar locking plate as any plate applied to 
the volar aspect of the radius with screws that locked into plate forming a fixed angle 
construct, with or without adjunctive use of non-locking screws. We included studies 
of both extraarticular and intraarticular distal radius fractures. We attempted to collect 
outcome data for only K-wires used alone; however, if not reported independently, we 
accepted adjunctive external fixation as long as the intent was to use only K-wires 
where possible and external fixation was used in less than 25% of the total cases.  

Study selection and data extraction

Two reviewers (HC and YVK) screened all titles and abstracts for eligibility and con-
ducted full-text reviews in duplicate. Discrepancies were resolved by consensus after 
discussion between the two reviewers. Data were collected using standardized data 
collection forms. We collected information pertaining to study characteristics, inclu-
ding publication year, study design, duration, location, number of centers, number 
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of participants, mean age of participants, types of fractures included (AO type), and 
outcomes reported. 

Data collection included functional outcome measures — specifically the Disabili-
ties of the Arm, Shoulder and Hand (DASH) and Patient Rated Wrist Evaluation (PRWE) 
questionnaires, which are the best available patient-reported outcome measurement 
instruments for distal radius fractures and have been recommended for functional 
outcome measurement (13). We also collected reported data on grip strength, wrist 
ROM (flexion, extension, supination, pronation, ulnar deviation, radial deviation), 
complications, and radiographic outcomes. In cases in which wrist ROM was reported 
only as a percentage of the contralateral (normal) wrist, we converted percentages to 
a degree measurement based on normal physiologic ROM (normal values used: 85° 
flexion, 80° extension, 85° supination, 80° pronation, 35° ulnar deviation, and 20° 
radial deviation) (7, 28). Means and standard deviations (SDs) were collected when 
reported; medians were used in place of means when the latter was not reported, be-
cause these provide an acceptable alternate measurement for centrality (35). Where 
data were only reported in graphical format, GraphClick software (14) was used to 
extract the relevant values. 

Quality assessment

We assessed quality of each included study in duplicate using the Cochrane Risk of 
Bias tool and reported this in chart format. In particular, this tool captures information 
on adequacy of randomization, allocation concealment, blinding, completeness of 
data collection, selective reporting, and other biases. Strength of recommendation for 
the functional outcome comparison was determined and reported using the Grades of 
Recommendation, Assessment, Development and Evaluation (GRADE) approach (15). 

Statistical analysis 

Statistical analysis was performed using SPSS Software Version 21 (IBM Corp, Armonk, 
NY, USA) and Review Manager (RevMan) Version 5.3 software (36). Mean differences 
were pooled for common outcomes scores reported across studies or standardized 
mean differences (SMDs) for outcome scores that differed across studies. We calcula-
ted heterogeneity between studies using both the chi square test and the I² statistic. 
We considered either a chi square value of p less than 0.1 or I² statistic greater than 
35% to represent significant heterogeneity. Outcomes with significant heterogeneity 
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were pooled using a random-effects model; outcomes with low heterogeneity were 
pooled using a fixed-effects model. 

Standard deviations were calculated for the medians from ranges using described 
methods (19). Where SDs or confidence intervals were not reported, we imputed 
SDs using a trial-and-error process to reproduce reported p values. Differences in 
complication rates were compared using the chi square statistical test. We considered 
a difference in DASH or quickDASH scores of 10 as the minimal clinically important 
difference (MCID) based on previously published studies and taking into consideration 
that reported values have not been evaluated specifically in distal radius fracture 
patients (10, 38).  Given that normative data for these scoring instruments are suf-
ficiently similar, and both are reported on a scale of 100, we pooled mean differences 
of these scores across all trials. We also performed a secondary analysis using SMDs, 
using 0.5 SDs as the MCID, as has been described as an appropriate threshold (34), to 
further corroborate our results. A p value of less than 0.05 was used to infer statistical 
significance. 

Literature search

The search yielded 1202 citations (281 Medline, 361 EMBASE, 559 Cochrane Library, 
one from other sources), of which we excluded 488 duplicates, leaving 714 for title 
and abstract screening. Fourteen articles met criteria for full-text review, and seven of 
these met inclusion criteria for our meta-analysis (Fig. 1).
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Figure 1: The flowchart shows the search and screening process for article inclusion. PKW = percutaneous K-
wire fixation; RCTs = randomized controlled trials. 

 

Publication bias 

To assess publication (or positive-outcome bias), we constructed a funnel plot. Although the 

number of studies was small, we did not appreciate any asymmetry which would suggest 

publication bias (Fig. 2). A small group of positive industry-funded studies also can suggest 

publication bias (24). If this were the case, we would expect results to positively favor the volar 

locking plate, as this represents a newer technology. We therefore assessed funding sources 
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Figure 1: The fl owchart shows the search and screening process for arti cle inclusion. PKW = percu-
taneous K-wire fi xati on; RCTs = randomized controlled trials.

Publicati on bias

To assess publicati on (or positi ve-outcome bias), we constructed a funnel plot. Alt-
hough the number of studies was small, we did not appreciate any asymmetry which 
would suggest publicati on bias (Fig. 2). A small group of positi ve industry-funded 
studies also can suggest publicati on bias (24). If this were the case, we would expect 
results to positi vely favor the volar locking plate, as this represents a newer techno-
logy. We therefore assessed funding sources for each study. None of the studies were 
funded by industry, which further reinforced the lack of a publicati on bias. 
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Figure 2: There is no excessive asymmetry to suggest publication bias in the funnel plot. SE = 
standard error; MD = mean difference. 

Study characteristics 

All seven studies included in this systematic review were parallel-group randomized 
controlled trials (Table 1). Six of these trials were conducted in Europe and one in 
North America. There was only one multicenter study, which was conducted in the 
United Kingdom and included 18 centers. Five studies reported final followup at 12 
months and two studies reported final followup at 6 months. Six studies also reported 
intermediary followup data at 3 months or earlier. All trials reported less than 20% 
loss to follow-up, and in six of seven trials there was less than 10% loss to follow-up. 

All trials included only dorsally displaced distal radius fractures. Six trials included 
patients with both extraarticular and intraarticular distal radius fractures; one trial 
included patients with only extraarticular fractures. Two trials included patients who 
received supplemental external fixation because of residual instability after K-wire (9% 
of patients receiving K-wire in one trial, 17% of patients in the second trial; this repre-
sented less than 3% of all patients analyzed in the K-wire group). All studies except one 
excluded patients with polytrauma or multiple injuries. Costa et al (5) did not explicitly 
exclude these high energy injuries; however, “fall” was reported as the mechanism of 
injury in 98% (451 of 461) of distal radius fractures included in their study.  
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Study Method Location Surgeon Experience Participants Mean age 
(years; SD)

Fracture types in PKW group 
(AO classification)

Fracture types in VLP 
group (AO Classification Outcomes

Rozental et 
al, 2009 (37)

Parallel-group, 
randomized 
controlled trial

USA Fellowship-trained 
hand and upper 

extremity surgeons

45 total; 
22 PKW, 21 VLP

2/22 (9%) required 
external fixation in 

PP group

PKW: 51 (NR), 
range 19-77
VLP: 52 (NR), 
range 24-79

A2: 4
A3: 2
C1: 6
C2: 9

A2: 2
A3: 8 
C1: 2

C2: 11

DASH (3 weeks, 6 weeks, 12 weeks, 1year)
Wrist ROM
Digit motion
Grip strength
Pinch strength
Patient satisfaction
Return to work
Radiographic outcomes
Complications

Marcheix 
et al, 2010 
(29)

Parallel-group, 
randomized 
controlled trial

France NR 103 total; 
53 PKW, 50 VLP

No external fixation

PKW: 73 (11)
VLP: 75 (11)

A2: 1
A3: 22
C2: 23
C3: 6

A2: 0
A3: 17
C2: 25
C3: 8

DASH (12 weeks, 26 weeks)
Herzberg score
Wrist ROM
Radiographic outcomes
Complications

Hollevoet 
et al, 2011 
(18)

Parallel-group, 
randomized 
controlled trial

Belgium University hospital 
surgeon (either 
consultants or 

trainees supervised 
by consultants)

40 total; 20 PKW, 
20 VLP

No external fixation

PKW: 66 (NR)
VLP: 67 (NR)

Frequencies by AO type NR
7 extra-articular, 13 intra-

articular

Frequencies by AO type NR
11 extra-articular, 9 intra-

articular

DASH (3 months, 1 year)
Wrist ROM
Grip strength
Radiographic outcomes
Complications

McFadyen 
et al, 2011 
(30)

Parallel-group, 
randomized 
controlled trial

United Kingdom Senior orthopaedic 
consultant for most 

cases (74% VLP; 62% 
PKW). Trainees or 

associate specialists 
for other cases

56 total;
29 PKW, 27 VLP

No external fixation

PKW: 65 (NR), 
range 18-80
VLP: 61 (NR), 
range 26-80

Only Type A fractures, 
frequencies NR

Only Type A fractures, 
frequencies NR

QuickDASH (3 months, 6 months)
Gartland and Werley score
Wrist ROM
Grip strength
Radiographic outcomes
Complications

Karantana 
et al, 2013 
(20)

Parallel-group, 
randomized 
controlled trial

United Kingdom Senior orthopaedic 
consultant surgeons 
from tertiary center

130 total;
64 PKW, 66 VLP

11/64 (17%) 
required external 

fixation in PP group

PKW: 51 (16)
VLP: 48 (15)

A3: 28
C2: 30
C3: 6

A3: 27 
C2: 37
C3: 2

QuickDASH (6 weeks, 12 weeks, 1 year)
PEM 
EQ-5D
Wrist ROM
Grip strength 
Radiographic outcomes
Complications 

Goehre et 
al, 2014 (12)

Parallel-group, 
randomized 
controlled trial

United Kingdom Experienced 
senior orthopaedic 

surgeons

40 total;
19 PKW; 21 VLP

No external fixation

PKW: 73.8 (8.9)
VLP: 71.3 (5.7) 

A2: 6
A3: 9
C1: 4

A2: 4
A3: 14
C1: 3

DASH (3 months, 6 months, 12 months)
PRWE 
Castaing score 
Wrist ROM
Grip strength
Radiographic outcomes
Complications

Costa et al, 
2014 (5)

Parallel-group, 
randomized 
controlled trial

United Kingdom Multiple surgeons 
from multiple 

different centers 
(68% had performed 
>20 prior VLPs; 74% 
had performed >20 

prior PKWs)

461 total;
230 PKW; 231 VLP

No external fixation

PKW: 59.7 
(16.4)

VLP: 58.3 (14.9)

A2: 73
A3: 84
B1: 1
B2: 1
B3: 1

C1: 33
C2: 26
C3: 7

A2: 73
A3: 78
B1: 4
B2: 1
B3: 0

C1: 30
C2: 34
C3: 11

DASH (12 months)
PRWE 
EQ-5D 
Complications

PKW = percutaneous Kirschner wires; VLP = volar locking plate; PP = percutaneous pins; DASH = Disabilities 
of the Arm, Shoulder and Hand; NR = not reported; PEM = Patient Evaluation Measure; PRWE = Patient Rated 
Wrist Evaluation.
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Study Method Location Surgeon Experience Participants Mean age 
(years; SD)

Fracture types in PKW group 
(AO classification)

Fracture types in VLP 
group (AO Classification Outcomes
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controlled trial
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hand and upper 
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45 total; 
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range 19-77
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surgeon (either 
consultants or 

trainees supervised 
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40 total; 20 PKW, 
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No external fixation

PKW: 66 (NR)
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Frequencies by AO type NR
7 extra-articular, 13 intra-

articular

Frequencies by AO type NR
11 extra-articular, 9 intra-

articular

DASH (3 months, 1 year)
Wrist ROM
Grip strength
Radiographic outcomes
Complications

McFadyen 
et al, 2011 
(30)

Parallel-group, 
randomized 
controlled trial

United Kingdom Senior orthopaedic 
consultant for most 

cases (74% VLP; 62% 
PKW). Trainees or 

associate specialists 
for other cases

56 total;
29 PKW, 27 VLP

No external fixation

PKW: 65 (NR), 
range 18-80
VLP: 61 (NR), 
range 26-80

Only Type A fractures, 
frequencies NR

Only Type A fractures, 
frequencies NR

QuickDASH (3 months, 6 months)
Gartland and Werley score
Wrist ROM
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Radiographic outcomes
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Karantana 
et al, 2013 
(20)
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controlled trial

United Kingdom Senior orthopaedic 
consultant surgeons 
from tertiary center

130 total;
64 PKW, 66 VLP

11/64 (17%) 
required external 

fixation in PP group

PKW: 51 (16)
VLP: 48 (15)

A3: 28
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C3: 6

A3: 27 
C2: 37
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EQ-5D
Wrist ROM
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Goehre et 
al, 2014 (12)

Parallel-group, 
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controlled trial

United Kingdom Experienced 
senior orthopaedic 

surgeons

40 total;
19 PKW; 21 VLP

No external fixation

PKW: 73.8 (8.9)
VLP: 71.3 (5.7) 

A2: 6
A3: 9
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A2: 4
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Wrist ROM
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Costa et al, 
2014 (5)

Parallel-group, 
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controlled trial

United Kingdom Multiple surgeons 
from multiple 

different centers 
(68% had performed 
>20 prior VLPs; 74% 
had performed >20 

prior PKWs)

461 total;
230 PKW; 231 VLP

No external fixation

PKW: 59.7 
(16.4)
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of the Arm, Shoulder and Hand; NR = not reported; PEM = Patient Evaluation Measure; PRWE = Patient Rated 
Wrist Evaluation.
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Figure 3: The risk of bias for each trial included in the meta-analysis using the Cochrane Risk of 
Bias tool is shown.

Risk of Bias

None of the trials reported any attempt to blind surgeons or patients. Outcome asses-
sors were blinded in two trials. One study had a risk of selective reporting bias. The 
majority of trials were at low risk of bias in terms of random sequence generation, 
allocation concealment, completeness of followup, selective reporting, or other biases 
(Fig. 3).
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Figure 4: The individual and pooled 3-month mean differences in DASH scores and 95% CIs are 
shown in the forest plot. The minimum clinically important difference is indicated by the red lines. 
IV = inverse variance

RESULTS

Functional Outcomes

Patients treated with volar locking plates had slightly better DASH scores than did 
patients treated with K-wires at 3 months and at final followup.  At 3-month followup, 
the mean DASH score was 7.5 points lower (i.e., better) in the volar locking plate group 
(six trials, 414 participants; 95% confidence interval [CI], 4.4-10.6; p < 0.001) (Fig. 4). 
The upper threshold of the 95% CI crossed the MCID of 10, and therefore we were 
unable to rule out a clinically important difference at 3 months. At final followup (6 
or 12 months), the mean DASH score was only 3.8 points lower in the volar locking 
plate group (seven trials, 875 participants; 95% CI, 1.2-6.3; p = 0.004) (Fig. 5). The 
upper threshold of the 95% CI was below 10, suggesting that this was unlikely to be 
a clinically important difference at final followup. These conclusions were consistent 
when SMDs were used for analysis (3 month SMD, 0.42; 95% CI, 0.22-0.61, p < 0.001); 
6- or 12-month SMD, 0.29, 95% CI, 0.11-0.46, p = 0.001). Removal of the two trials 
from the analysis that did not follow patients to 1 year (i.e., 6-month followup only) 
did not substantially change the results (mean difference [MD], 2.3; 95% CI, 0.3-4.4, p 
= 0.03). Based on GRADE, there was low confidence in the 3-month estimate of effect 
and moderate confidence in the 6- to 12-month estimate of effect (Table 2). There 
were a total of 875 participants for which these data were available. There were no 
differences found between K-wires and volar locking plates in terms of the PRWE score 
at either 3 months or final followup (6 months or 1 year) in either of the two trials that 
reported on this endpoint (5, 12).
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Figure 5: The individual and pooled 6- and 12-month mean differences in DASH scores, along with 
95% CIs, are shown in the forest plot. The minimum clinically important difference is indicated by 
the red lines. IV = inverse variance.

Table 2. GRADE summary of findings
Volar locking plate compared with percutaneous Kirschner wires for displaced distal radius frac-
ture Bibliography (systematic reviews)
Outcomes Number of 

participants
(studies)
followup

Quality of 
the evidence

(GRADE)

Anticipated absolute effects
Risk with percutaneous 
K-wires

Risk difference with 
volar locking plate

Function at 3 months 
(function at 3 months)
assessed with: DASH
followup: 3 months 

414
(6 RCTs)

3 months 

⨁⨁◯◯
Low1,2

The mean function at 3 
months in the control group 
was 27.4 

MD 7.5 lower
(4.4 lower to 10.6 
lower) 

Function at 6-12 months 
(final function)
assessed with: DASH
followup: range 6-12 
months 

875
(7 RCTs)

6-12 months 

⨁⨁⨁◯
Moderate1

The mean function at 6-12 
months in the control group 
was 15.5 

MD 3.8 lower
(1.2 lower to 6.3 
lower) 

1 Lack of blinding of outcome assessors in most trials; 2 High imprecision in pooled estimate; the 
risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison 
group and the relative effect of the intervention (and its 95% CI); RCTs = randomized controlled tri-
als; MD = mean difference. GRADE Working Group grades of evidence: High quality = We are very 
confident that the true effect lies close to that of the estimate of the effect; Moderate quality = We 
are moderately confident in the effect estimate: the true effect is likely to be close to the estimate 
of the effect, but there is a possibility that it is substantially different; Low quality = Confidence in 
the effect estimate is limited: the true effect may be substantially different from the estimate of 
the effect; Very low quality = We have very little confidence in the effect estimate: the true effect 
is likely to be substantially different from the estimate of effect.

Wrist ROM

Flexion and supination were both slightly greater in the volar locking plate group at 
3 months (four trials, 3.7° [95% CI 0.3°-7.1°, p = 0.04] and 4.1° [95% CI 0.6°-7.6°, p 
= 0.02] greater, respectively), but not at final followup. There were no differences in 
wrist extension, pronation, radial deviation, or ulnar deviation at 3 months or final 
followup. Wrist ROM was reported as an outcome in five trials (12, 18, 21, 29, 37), four 
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of which reported sufficient information to enable pooling. Radial deviation and ulnar 
deviation were reported in only two of these trials (12, 37).

Radiographic Outcomes

There were no differences in radiographic outcomes at the latest reported followup 
between the two interventions. Among trials that reported sufficient information for 
meta-analysis, there were no differences in volar tilt (four trials, 0.1° greater in K-wire 
group; 95% CI, -4.6° to 4.9°; p = 0.96), radial inclination (four trials, 0.4° greater in 
K-wire group; 95% CI, -0.9° to 1.7°; p = 0.58), or radial height (three trials, 0.4 mm 
greater in K-wire group; 95% CI, -0.3 mm to 1.0 mm; p = 0.31) at final follow-up. Of 
the two trials that could not be included in meta-analysis, one reported better volar 
tilt, radial height, and radial inclination with the volar locking plate, but did not report 
absolute values (30); the other trial reported a greater median volar tilt in the K-wire 
group (4° vs 0° in volar locking plate group) but did not provide any data to estimate 
variance (e.g. SD, interquartile range) or statistically analyze the data. Only one study 
reported articular step-off postoperatively (21), and it detected no difference between 
the two interventions. Radiographic outcomes were reported in six of the seven trials.

Table 3. Common complications
Complication Percutaneous Kirschner 

wires
Volar locking plate p value

Superficial infection 36 14 0.001
Deep infection 2 2 1.00
Neurological injury*   (carpal tunnel) 33 (22) 32 (28) 0.89 (0.39)
Tendon rupture† 6 6 1.00
Reoperations 14 17 0.59

*Includes transient nerve palsies; †does not include tendinitis

Complications

There were more total complications in the K-wire group than in the volar locking 
plate group. This difference was driven predominantly by a difference in superficial 
wound infections (8.2% versus 3.2%; RR = 2.6; p = 0.001), all of which were succes-
sfully treated with oral antibiotics. There were no differences in the risks of any of the 
other reported complications (deep infection, neurologic injury, tendon rupture, or re-
operations) between the two groups (Table 3). In total, there were 102 complications 
reported in the K-wire group and 66 reported in the volar locking plate group. All trials 
reported complications.
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DISCUSSION

Distal radius fractures are common and costly injuries (4, 32, 39). In the setting of 
unstable dorsally displaced fractures requiring surgical intervention, the optimal sur-
gical treatment option remains equivocal. Clinical practice guidelines have bemoaned 
the lack of high-quality evidence to inform orthopaedic practice in this area (22, 25). 
Despite this lack of evidence, there has been a large shift in the treatment of dorsally 
displaced distal radius fractures toward the use of the volar locking plates, especially 
among younger orthopaedic surgeons (20, 23). To our knowledge, there have been no 
published meta-analyses to date comparing volar locking plates with K-wires for dor-
sally displaced distal radius fractures. In our meta-analysis of 875 patients, we found 
lower (i.e., better) DASH scores with use of volar locking plates at both 3 months and 
12 months. Although we cannot exclude the possibility of a small clinically important 
difference at 3 months, the magnitude of improvement by 12 months is most likely 
imperceptible to patients. 

An important limitation of our review is that followup of all included trials was 
limited to a maximum of 1 year and in some trials just 6 months. This followup interval 
is not long enough for development of posttraumatic arthritis, one of the long-term 
complications of a malreduced articular surface. One of the potential advantages of 
volar plating is that the fracture can be reduced under direct observation leading to 
more accurate articular reduction in AO Type B and C fractures. Studies with longer-
term followup will be necessary to determine whether there is a difference in clinical 
symptoms of posttraumatic arthritis between these two treatment modalities. Inclu-
ded trials, in general, had low risk of bias—with the exception of blinding, which is 
difficult given the nature of the interventions. However, given that both interventions 
were surgical, the presence of a “placebo bias” is less likely. The inclusion of patients 
with adjunctive external fixation in the K-wire group is a potential limitation. However, 
only two trials included patients with external fixation and a small proportion required 
this adjunct (< 3% of all patients treated with K-wires). If K-wires alone would have led 
to a poorer outcome in these patients treated with adjunctive external fixation, then 
this meta-analysis may potentially be underestimating the benefit of the volar locking 
plate in some situations. However, given the small number of patients, the degree of 
this underestimate is expected to be minimal. Differences resulting from adjunctive 
treatments that were not reported consistently across trials (e.g., use of bone graft) is 
another limitation to this meta-analysis.  
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Another important limitation relates to the external validity—or generalizability—of 
the findings of this review. The results of this meta-analysis are most applicable to the 
low-to-moderate energy dorsally displaced distal radius fracture (with or without an 
intraarticular component), which is reducible under fluoroscopy and allows for good 
purchase of bone with K-wires. Extreme cases of either high-energy trauma (e.g., motor 
vehicle accidents) or very low-energy trauma in patients with osteoporosis are either 
underrepresented or excluded entirely in the trials constituting our meta-analysis. 
Therefore we cannot make any definitive conclusions regarding these subgroups. 

We found that use of volar locking plates for displaced distal radius fractures sho-
wed a small improvement in DASH scores at 3 months (MD, 7.5; 95% CI, 4.4-10.6; p 
< 0.001) and 12 months (MD, 3.8; 95% CI, 1.2-6.3; p = 0.004) compared with K-wires. 
Uncertainty in the estimate precludes the conclusion that there is no clinical advan-
tage at 3 months postoperatively; however, by 1 year the magnitude of this difference 
was less than our a priori-established MCID on the DASH scale of 10 points (10, 38). 
This represents the best (i.e. lowest risk of bias) estimate of functional differences in 
the literature to date, as we were able to pool the results of seven recent and good 
quality RCTs to achieve a large sample size. Our endeavor was facilitated by the use of a 
common and recommended functional outcome instrument across all RCTs, the DASH 
questionnaire. Inconsistent and varying use of outcome instruments has presented 
limitations to previous meta-analyses in the orthopaedic and distal radius literature 
(2, 17). Future trials must continue to use common outcome instruments to allow for 
meaningful meta-analysis.

Our analysis also found small early advantages in flexion and supination in the 
volar locking plate group (3.7° and 4.1° greater, respectively) at 3-month followup, 
but these differences disappeared at final followup. Not all trials standardized post-
operative protocols for both groups (e.g., patients treated with volar locking plates 
were allowed to mobilize at 1 week in three trials versus 6 weeks for patients with 
K-wires), which may have contributed to the finding that volar locking plate leads to 
improved DASH scores, flexion, and supination at 3 months. However, patients tre-
ated with volar locking plates typically are permitted earlier mobilization (42), and 
it would be reasonable to expect this to contribute to some the early advantage in 
ROM. Furthermore, the three trials that standardized postoperative protocols showed 
possible early improvements as well; therefore, the early improvements seen with 
volar locking plates may not be entirely attributable to reduced immobilization times 
as has been suggested (27). 
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There were no differences in radiographic alignment (volar tilt, radial inclination, 
and radial height, or articular incongruity) between the two interventions. The relati-
onship between radiographic outcomes—including articular incongruity—and clinical 
outcomes is controversial (11). In terms of short-term outcomes, small amounts of 
radial shortening (as little as 3 mm) have been shown to negatively affect function (1, 
41). However, the distal radius appears to be relatively tolerant to changes in volar tilt, 
with no apparent functional deficits with even a small amount of dorsal angulation 
(44). In terms of long-terms outcomes, an articular step-off of 2 mm has been shown 
to result in radiographic signs of arthritis. However, this has not consistently transla-
ted into poorer clinical outcomes (6, 11). Therefore, small differences in radiographic 
outcomes are likely not clinically important. 

Superficial infections were more frequent in patients treated with K-wires, but 
otherwise no differences in complication rates were found between the two treat-
ments. It has been argued that in the absence of convincing evidence of superiority 
of volar locking plates, economic considerations should drive clinical decision-making 
and policy in the treatment of dorsally displaced distal radius fractures (8, 9, 40). Ho-
wever, a robust economic analysis will need to consider differences in costs associated 
with complications (e.g., antibiotic treatment for superficial infections) in addition 
to differences in costs of the implants, length of surgery, requirement for adjunctive 
treatments (e.g., external fixation, casting), and postoperative protocols (e.g. clinic 
visits, radiographs) (8).

CONCLUSION

We found that volar locking plates result in lower (i.e., better) DASH scores compared 
with K-wires for dorsally displaced distal radius fractures in adults. However, these 
differences were small, and likely to have been imperceptible to the patient, since they 
were smaller than the pre-defined MCID. Further research is required to better deline-
ate if there are specific radiographic, injury, or patient characteristics that may benefit 
from volar locking plates in the short term. Further, the incidence of post-traumatic 
arthritis would not have been detected at the short-term followups in the studies 
included in this meta-analysis. Therefore, future research must evaluate if there are 
any differences in outcomes and complications between these two interventions in 
the long term.
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SUMMARY AND FUTURE PERSPECTIVES

Distal radius fractures (DRFs) are the most common fracture seen in the emergency 
department. Unfortunately, optimal management for these injuries is far from certain. 
The clinical practice guideline for distal radius fractures published by the American 
Academy of Orthopaedic Surgeons (AAOS) has 29 recommendations; however, none 
of these recommendations were given a “strong” rating owing to limited strength 
of the evidence. The Dutch guidelines identified the same issues with the quality of 
evidence and partly relied on expert opinion to achieve consensus. Therefore, deter-
mining effective evidence-based treatment of patients with DRFs is crucial. To conduct 
best evidence clinical trials in DRF treatment, and to properly compare trial results 
however, there must be a consensus on the use of inclusion criteria and of outcome 
measures.

This thesis aimed to investigate a critical component of the methodology used in 
DRF research, which might help us to improve the quality of future research. In this 
thesis we therefore focused on an underappreciated aspect of methodology: assess-
ment tools used for diagnosis and trial eligibility in patients with DRFs, and the quality 
of patient-reported outcome measures (PROMs).

To this end, we conducted reliability studies, two different types of systematic 
reviews and performed a clinimetric study focussing on inclusion criteria and outcome 
measures used in DRF research. 

In Chapter 1 we answered the following question:
•	 What is the influence of computed tomography on the reliability and accuracy of 

classification systems for distal radius fractures?
We performed a reliability study to determine the intra- and inter-observer reli-

ability of four of the most commonly used DRF classification systems. The reliability 
of these classification systems using conventional radiography versus conventional 
radiography with an additional CT scan was compared. Our study results suggest 
that the additional value of CT scanning over conventional radiographs is limited in 
regard to reliability. However, it has significant implications for accurate scoring of the 
fracture types. Obtaining an additional CT scan changes how patients are classified 
into fracture types. Therefore, trials using conventional radiography alone to evaluate 
eligibility will have different patients included compared to trials using additional CT 
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scans. This has implications for external validity (generalizability) and for comparing 
trials to each other. 

Our findings indicate the need for a more reliable classification system, ideally based 
on CT scans rather than conventional radiography alone. This new classification system 
should also focus on giving direction about the type of treatment. 

In Chapter 2 we answered the following question:
•	 Can experienced surgeons predict the additional value of a CT scan in patients with 

displaced intra articular distal radius fractures? 
In a prospective study we evaluated whether surgeons can predict the additional 

value of a CT scan by asking them to decide whether they would obtain a CT scan to 
choose their treatment plan at multiple time points. In Addition, we asked surgeons 
if the CT scan was useful for treatment choice and/or pre-operative planning. We 
determined what the implications were of always ordering an additional CT scan for 
displaced intra-articular DRFs or leaving the decision to the surgeon’s discretion. For 
choice of treatment, leaving the choice up to the surgeon led to fewer scans needed 
and fewer unnecessary risks to the patient. Therefore, we do not recommend always 
ordering an additional CT scan in these patients as a standard practice. However, once 
a surgeon decides to treat a patient surgically, it is much harder to predict whether an 
additional CT scan is useful for pre-operative planning. Therefore, we cannot recom-
mend implementing rules for or against CT scanning in these patients.

That surgeons can predict the usefulness of an additional CT scan is not necessarily 
related to better patient outcomes. Future randomized trials should be conducted, 
comparing two groups: 

1. Ordering CT scans for all patients with intra-articular displaced DRF. 
2. CT scanning on request of the surgeon.
Firstly,  to confirm the results of this study, secondly to follow patients to determine 

which decision making model improves patient outcomes. Future studies should also 
include cost-effectiveness analyses.

In Chapters 3 and 4 we answered the following question:
•	 Are validated outcome measures used in distal radius fracture studies truly valid? 
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We first conducted a systematic review of methodological quality of clinimetric stu-
dies that evaluated measurement properties of patient-reported outcome measures 
(PROMs) used in DRF patients. We evaluated both the methodological quality and the 
results of the different clinimetric studies to create a summary of the level of evidence 
for each measurement property (e.g. reliability, responsiveness, internal consistency) 
for each PROM. Our results showed that the most studied measurement properties 
were those of the Patient-Rated-Wrist-Evaluation (PRWE), followed by the Disability 
of the Arm, Shoulder and Hand questionnaire (DASH). However, the body of literature 
lacked strong evidence supporting good quality of the available PROMs in patients 
with DRFs. A good PROM should have a high level of evidence (i.e. be evaluated in high 
quality studies) supporting good quality on all measurement properties. 

Our systematic review found limited to no evidence for any of the measurement 
properties of the PRWE and the DASH. This led us to perform a multi-centre prospective 
clinimetric study evaluating internal consistency, test-retest reliability, measurement 
error and content validity, following the COSMIN standards to ensure high methodo-
logical quality. Based on our results we now have strong evidence that both the PRWE 
and the DASH questionnaires have good content validity and are reliable and internally 
consistent instruments for the assessment of patients with distal radius fractures. Alt-
hough the conclusions about these measurement properties did not change, we now 
have stronger evidence supporting them. However, in our systematic review, previous 
studies found limited evidence that the measurement error is acceptable, with a smal-
lest detectable change (SDC) of 4.4 to 11 points for the PRWE. In our study we found 
a much higher SDC of 20 points, indicating that the quality of the clinimetric study can 
have major implications for the conclusions. We also have high quality evidence that 
the SDC of the DASH is 14 points. The PRWE’s minimal clinically important difference 
(MCID) from previous (low quality) literature is smaller than the SDC, so it is difficult 
to distinguish important changes from measurement error when applied to individual 
patients. However, it is still useful for research purposes because measurement error 
is reduced when large groups of patients are studied.

Future studies using high quality methodology should focus on evaluating the measu-
rement property responsiveness, defined as the ability to detect clinically important 
changes over time. MCID is an important aspect of responsiveness that deserves 
special attention. The available information we currently have for MCID of the DASH 
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and the PRWE is either based on low quality evidence or only evaluated in pathologies 
other than DRFs.

In Chapter 5 we answered the following question:
•	 What is the influence of spectrum bias on the intra-observer agreement of distal 

radius fracture treatment plans?
We performed a reliability study to determine the influence of spectrum bias on 

the intra-observer agreement of DRF treatment plans. Spectrum bias is the bias that 
occurs when studies include a population lacking therapeutic uncertainty. Therefore, 
we determined the influence of the surgeons’ level of therapeutic uncertainty on the 
level of intra-observer agreement in treatment plans in patients with displaced DRFs 
using conventional radiographs alone or with an additional CT scan. Without taking 
spectrum bias into account, the intra-observer reliability decreased when using an 
additional CT scan. When we corrected for spectrum bias in our study, our conclu-
sions changed. In cases with therapeutic uncertainty, the intra-observer agreement 
on treatment plan improved when an additional CT scan was used. In cases without 
therapeutic uncertainty we showed that an additional CT scan even diminished the 
agreement. This study clearly showed that the CT scan can indeed improve the intra-
observer agreement on treatment plan, but only when there is therapeutic uncer-
tainty. This is another clear example where conflicting results in the literature can be 
explained by methodological limitations. 

To address the current controversies in the additional value of CT scans for agreement 
in treatment plans in other types of fractures we suggest that future studies take 
therapeutic uncertainty into account to minimize spectrum bias. Future prospective 
randomized trials should be conducted to determine whether the use of an additional 
CT scan and their resulting management, in cases of therapeutic uncertainty, influen-
ces outcomes in patients with displaced DRFs.

In Chapter 6 we answered the following question:
•	 Are volar locking plates superior to percutaneous K-wires for dorsally displaced 

distal radius fractures?
We conducted a systematic review and meta-analysis of percutaneous Kirschner 

wire fixation and plaster cast (PKW) compared to volar locking plate (VLP) for displaced 
DRFs. In all studies included in this review, conventional radiographs were used to 
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classify the fractures according to the AO classification and the DASH scores were used 
as the outcome score. This showed, with moderate confidence, that VLP demonstrates 
better DASH scores at both 3-month and final follow-up (6-12 months) compared to 
PKW for displaced distal radius fractures in adults; however, these differences did not 
cross the a priori determined threshold for clinical importance. 

Based on these results, further research is required to better delineate if there are 
specific radiographic (eg intra articular fractures) or patient characteristics (eg elderly) 
that may benefit from volar locking plates in the short-term. The incidence of post-
traumatic arthritis would not have been detected at the short-term follow-up intervals 
used in the studies included in this meta-analysis. Using volar plating is expected to 
result in a lower rate of post-traumatic arthritis. Long term studies are needed to ef-
fectively investigate the influence of post-traumatic arthritis on patient outcomes. 

On the surface (e.g. looking at the Cochrane risk of bias summary) it appears that 
the results of these studies are of high quality, and surgeons may use these findings 
in practice. However, we argue that it is prudent to look more closely at methodolo-
gical limitations of published research, especially the underappreciated and under-
recognized methodological limitations discussed in this thesis. As shown in this thesis, 
using CT scans instead of conventional radiographs alone changes how patients are 
classified into fracture types. Looking critically at the included studies, we can see that 
it is likely that the results are imprecise or biased because conventional radiographs 
alone were used to classify fracture types to determine trial eligibility. Therefore, trials 
using conventional radiography alone to evaluate eligibility will have different patients 
included compared to trials using additional CT scans. This has implications for gene-
ralizability and applicability in clinical practice. 

The included studies were conducted before the DASH was validated for use in 
DRF patients so they were at risk of imprecision or having biased results and therefore 
potentially misleading conclusions. However, in this thesis we demonstrated that the 
DASH is valid and reliable in this population, which improves our confidence in the 
conclusions of this review.

Future implications

Many clinical questions in DRF treatment remain unresolved and unanswered by this 
thesis. However, to answer these questions we need studies based on high quality 
methodology. In this thesis we identified and discussed several underappreciated 
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and under-recognised methodological issues in DRF research. We recommend that 
investigators be aware of these limitations of past DRF research in order to improve 
the quality of the DRF literature. We aim to take our own advice in the next phase of 
our research program.

For our next study, we will conduct a randomized controlled trial where we aim 
to avoid some of the limitations of the literature identified in this thesis. Based on 
the evidence from this thesis, our protocol for the upcoming Effectiveness of Surgery 
Versus Casting for Elderly Patients with Displaced Intra-articular Radius Fractures Trial 
(DART Trial) will have the following features: 1) inclusion criteria using fracture charac-
teristics instead of a fracture classification system; 2) the use of an additional CT scan 
will be up to the treating surgeon; and 3) the validated DASH and PRWE will be used as 
outcome measures. In our quest for high quality evidence for treating DRFs, we aim to 
take two steps forward without taking one step back.
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Distale radius fracturen (DRFs) zijn de meest voorkomende fracturen die worden 
gezien op de Spoed Eisende Hulp. Tot op heden is er nog geen consensus bereikt over 
de beste behandeling van dit type fractuur. De richtlijnen van de American Academy of 
Orthopaedic Surgeons (AAOS) voor het beleid rondom distale radiusfracturen bevat 29 
aanbevelingen; echter al deze aanbevelingen konden slechts gedaan worden op basis 
van beperkt wetenschappelijk bewijs. Bij het opstellen van de Nederlandse richtlijnen 
werd vanwege gebrek aan wetenschappelijk bewijs mede gebruik gemaakt van “expert 
opinion” om consensus te bereiken. Het verkrijgen van hoogstaand wetenschappelijk 
bewijs voor de behandeling van DRFs is dan ook van cruciaal belang. Om onderzoeken 
van hoge kwaliteit naar de behandeling van DRFs uit te voeren, en ze onderling te 
kunnen vergelijken, moet er consensus bestaan over de te hanteren inclusie criteria 
en de uitkomstmaten. 

Het doel van dit proefschrift is om methodologieën die gebruikt worden in weten-
schappelijk onderzoek naar DRF kritisch te evalueren, wat mogelijk leidt tot verbe-
tering van de kwaliteit van toekomstig onderzoek. In dit proefschrift hebben we ons 
gefocust op ondergewaardeerde aspecten van de methodologie in DRF onderzoek: 
instrumenten die gebruikt worden om vast te stellen of een DRF patiënt in aanmer-
king komt voor een studie (eligibility), en de kwaliteit van de patiënt gerapporteerde 
uitkomstmaten (PROMs).

In dit proefschrift hebben we reliability studies, twee verschillende type systema-
tische reviews en een klinimetrische studie uitgevoerd waarbij we ons focusten op 
de inclusie criteria en de uitkomstmaten die gebruikt worden in wetenschappelijk 
onderzoek naar DRFs 

In Hoofdstuk 1 hebben we de volgende vraag beantwoord:
•	 Wat is de invloed van computertomografie (CT scan) op de betrouwbaarheid en 

accuraatheid van de classificatie systemen voor distale radius fracturen? 
We hebben een reliability studie uitgevoerd om de intra- en interbeoordelaars be-

trouwbaarheid van de vier meest gebruikte DRF classificatie systemen vast te stellen. 
We vergeleken de betrouwbaarheid van deze classificatiesystemen gebruikmakend 
van conventionele röntgenfoto’s versus conventionele röntgenfoto’s met een toege-
voegde CT scan. De resultaten van de studie laten zien dat de toegevoegde waarde 
van een CT scan ten opzichte van conventionele röntgenfoto’s beperkt is wat betreft 
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de betrouwbaarheid van de classificatiesystemen. Echter, het heeft significante con-
sequenties voor de accuraatheid van het scoren van de verschillende type fracturen. 
Een toegevoegde CT scan verandert de classificering van het type fractuur. Studies 
die alleen conventionele röntgenfoto’s gebruiken om te bepalen of een DRF patiënt 
in aanmerking komt voor een studie, includeren dus een andere groep DRF patiënten 
dan studies die een aanvullende CT scan gebruiken. Dit heeft consequenties voor 
zowel de externe validiteit (generaliseerbaarheid) als de mogelijkheid om studies met 
elkaar te kunnen vergelijken. 

Onze bevindingen tonen aan dat er behoefte bestaat aan een betrouwbaarder clas-
sificatiesysteem, welke idealiter gebaseerd is op CT scans in plaats van conventionele 
röntgenfoto’s alleen. Dit nieuwe classificatiesysteem zou ook richting moeten geven 
aan het behandelplan. 

In Hoofdstuk 2 hebben we de volgende vraag beantwoord:
•	 Kunnen ervaren chirurgen de toegevoegde waarde voorspellen van een CT scan bij 

patiënten met gedisloceerde intra-articulaire distale radius fracturen?
In een prospectieve studie hebben we geëvalueerd of chirurgen de toegevoegde 

waarde kunnen voorspellen van een CT scan. Ten eerste hebben we op meerdere 
momenten gevraagd of ze een CT scan zouden aanvragen om hun behandelplan op 
te stellen. Daarna hebben we ze gevraagd of de verkregen CT scan van toegevoegde 
waarde was voor het op te stellen behandelplan en/of de pre-operatieve planning. Op 
basis van deze data hebben we vastgesteld wat de implicaties zijn van het standaard 
aanvragen van een aanvullende CT scan bij gedisloceerde intra-articulaire distale radius 
fracturen danwel het besluit om een CT scan aan te vragen over te laten aan de chirurg. 
Dit liet zien dat wanneer de chirurg zelf de keuze mag maken al dan niet een CT scan 
aan te vragen om het behandelplan op te stellen worden er relatief minder onnodige 
CT scans aangevraagd en neemt het onnodig risico voor de patiënt af. Om die reden 
adviseren we om niet standaard een aanvullende CT scan aan te vragen bij patiënten 
met een gedisloceerde distale radius fractuur. Echter indien de chirurg besluit om een 
patiënt operatief te behandelen op basis van de conventionele röntgenfoto’s, is het 
veel moeilijker de toegevoegde waarde van een CT scan voor preoperatieve planning 
te voorspellen. We kunnen dus geen aanbeveling doen wat betreft het wel of niet 
standaard aanvragen van een aanvullende CT scan bij deze groep patiënten. 
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Dat een chirurg de toegevoegde waarde van een aanvullende CT scan (deels) kan 
voorspellen, betekent niet automatisch dat dit ook leidt tot een betere uitkomst voor 
de patiënt. Toekomstige gerandomiseerde studies zouden de volgende twee groepen 
moeten vergelijken:

1. Een CT scan aanvragen bij alle patiënten met een gedisloceerde intra-articulaire 
DRF 

2. CT scan alleen op verzoek van de chirurg 
Ten eerste, om de resultaten van deze studie te bevestigen. En ten tweede, om de 

patiënten te vervolgen, zodat vastgesteld kan worden welk beslissingsmodel de beste 
patiëntenuitkomst geeft. Toekomstige studies zouden ook een kosten-effectiviteits-
analyse moeten uitvoeren. 

In Hoofdstuk 3 en 4 hebben we de volgende vraag beantwoord:
•	 Zijn de gevalideerde uitkomstmaten die gebruikt worden in studies naar distale 

radius fracturen daadwerkelijk valide?
Allereerst hebben we een systematische review gedaan naar de methodologische 

kwaliteit van klinimetrische studies waarin de meeteigenschappen van patient-
reported outcome measures (PROMs) die gebruikt worden bij DRF patiënten geëva-
lueerd worden. We hebben zowel de methodologische kwaliteit als de resultaten van 
de verschillende klinimetrische studies geanalyseerd om de bewijsgraad van iedere 
meeteigenschap (o.a. reliability, responsiviteit, interne consistentie) van de PROMs 
vast te stellen. Onze resultaten laten zien dat de meest onderzochte meeteigenschap-
pen die van de Patient-Rated-Wrist-Evaluation (PRWE) zijn, gevolgd door de Disability 
of the Arm, Shoulder and Hand questionnaire (DASH). Echter, sterk bewijs dat de goede 
kwaliteit van de beschikbare PROMs voor patiënten met DRFs ondersteunt, mist in 
de beschikbare literatuur. Een goede PROM zou gebaseerd moeten zijn op een hoge 
bewijsgraad (d.w.z. geëvalueerd in kwalitatief goede studies), die de goede kwaliteit 
van de meeteigenschappen ondersteunen.

In onze systematische review is weinig tot geen bewijs gevonden voor een van de 
meeteigenschappen van de PRWE of de DASH. Om deze reden hebben we een multi-
center prospectieve klinimetrische studie uitgevoerd, waarin de interne consistentie, 
test-retest reliability, meetfouten en content validiteit, volgens de COSMIN standaard 
geëvalueerd zijn. Op basis van onze resultaten bestaat nu sterk bewijs dat zowel de 
PRWE als de DASH vragenlijsten inhoudelijke valide, betrouwbare en intern consisten-
te instrumenten zijn voor de beoordeling van patiënten met distale radius fracturen. 
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Hoewel de conclusies over deze meeteigenschappen niet zijn veranderd, hebben we nu 
wel sterk bewijs beschikbaar om deze conclusies te ondersteunen. Echter, in eerdere 
studies werd beperkt bewijs gevonden over de accepteerbaarheid van de meetfout, 
met een kleinst detecteerbare verandering (Smallest Detectable Change, SDC) van 4.4 
tot 11 punten voor de PRWE. In ons onderzoek vonden we een veel hogere SDC van 20 
punten, waaruit blijkt dat de kwaliteit van de klinimetrische studie van grote invloed 
kan zijn op de conclusies. Daarnaast hebben we een SDC van 14 punten gevonden 
voor de DASH, op basis van kwalitatief sterk bewijs. De Minimal Clinically Important 
Difference (MCID) voor de PRWE, gevonden in eerdere onderzoeken, is kleiner dan de 
SDC, waardoor het moeilijk is relevante verschillen te onderscheiden van meetfouten, 
wanneer het meetinstrument gebruikt wordt voor individuele patiënten. Daarentegen 
is het meetinstrument nog steeds bruikbaar voor onderzoeksdoeleinden, omdat de 
meetfout afneemt wanneer dit betrekking heeft op grote groepen patiënten. 

Toekomstige studies van hoge methodologische kwaliteit zouden gericht moeten 
zijn op de meeteigenschap responsiviteit, gedefinieerd als het vermogen om klinisch 
relevante veranderingen in de tijd te detecteren. De MCID is een belangrijk onderdeel 
van de responsiviteit, waarvoor speciale aandacht op zijn plaats is. De informatie over 
de MCID van de DASH en de PRWE die we momenteel beschikbaar hebben, is ofwel 
gebaseerd op bewijs van beperkte kwaliteit, ofwel alleen geëvalueerd in aandoenin-
gen anders dan DRFs. 

In Hoofdstuk 5 hebben we de volgende vraag beantwoord:
•	 Wat is de invloed van spectrum bias op de intra-beoordelaars overeenkomst wat 

betreft het behandelplan van distale radius fracturen?
We hebben een reliability studie verricht om de invloed van spectrum bias op de 

intra-beoordelaars overeenkomst wat betreft behandelplannen voor DRFs te bepalen. 
Spectrum bias is de bias die optreedt wanneer een populatie, waarbij therapeutische 
onzekerheid ontbreekt, wordt geïncludeerd in een studie. In deze studie hebben we 
de invloed van de mate van therapeutische onzekerheid bij de chirurg op de mate 
van overeenkomst van de behandelplannen binnen de beoordelaars bij patiënten met 
gedisloceerde DRFs bepaald op basis van alleen conventionele radiografie of in com-
binatie met een CT scan. Wanneer spectrum bias buiten beschouwing wordt gelaten, 
verminderde de intra-beoordelaars betrouwbaarheid wanneer een aanvullende CT 
scan werd gebruikt. Wanneer in onze studie gecorrigeerd wordt voor spectrum bias, 
veranderden onze conclusies. In casus waarbij therapeutische onzekerheid bestaat, 



153

NEDERLANDSE SAMENVATTING EN TOEKOMSTPERSPECTIEF

verbeterde de intra-beoordelaars betrouwbaarheid door het gebruik van een aanvul-
lende CT scan. In de gevallen waarbij geen therapeutische onzekerheid bestond, heb-
ben we aangetoond dat een toegevoegde CT scan de betrouwbaarheid juist afneemt. 
Dit onderzoek heeft aangetoond dat een CT scan intra-beoordeelaars betrouwbaar-
heid daadwerkelijk kan verbeteren, maar alleen wanneer therapeutische onzekerheid 
bestaat. Dit is een ander duidelijk voorbeeld waarbij conflicterende resultaten in de 
literatuur verklaard kunnen worden door methodologische beperkingen. 

Om de huidige controverses over de toegevoegde waarde van CT scans voor over-
eenstemming in behandelplannen voor andere typen fracturen vast te stellen, stellen 
wij voor dat bij toekomstige studies de therapeutische onzekerheid in beschouwing 
wordt genomen om spectrum bias te verminderen. Toekomstige prospectieve geran-
domiseerde trials zouden uitgevoerd moeten worden om te bepalen of het gebruik 
van een aanvullende CT scan en de hieruit volgende behandeling, in gevallen waar 
therapeutische onzekerheid bestaat, de uitkomsten van patiënten met gedisloceerde 
DRFs beïnvloedt. 

In Hoofdstuk 6 hebben we de volgende vraag beantwoord:
•	 Zijn hoekstabiele volair platen superieur aan percutane K-draad fixatie voor dorsaal 

gedisloceerde distale radius fracturen?
We hebben een systematische review en meta-analyse uitgevoerd naar percutane 

Kirschner draad fixatie met gipsimmobilisatie (PKW) in vergelijking tot hoekstabiele 
volair platen (VLP) bij gedisloceerde DRFs. In alle studies die zijn meegenomen in dit 
review, is conventionele radiografie gebruikt om de fracturen te classificeren op basis 
van de AO classificatie en de DASH scores zijn gebruikt als uitkomstmaat. Hieruit blijkt, 
met matige betrouwbaarheid, dat de VLP betere DASH scores oplevert zowel na 3 
maanden als aan het einde van de follow-up periode (6-12 maanden) in vergelijking tot 
PKW bij volwassen patiënten met gedisloceerde distale radius fracturen. Echter, deze 
verschillen hebben de a priori bepaalde grens voor klinische relevantie niet bereikt. 

Op basis van deze resultaten, is verder onderzoek nodig om vast te stellen of VLP bij 
specifieke röntgenologische (bv. Intra-articulaire fracturen) of patiëntenkarakteristie-
ken (bv. ouderen) op korte termijn een betere uitkomst kunnen geven. De invloed van 
post-traumatische arthritis is moeilijk vast te stellen door de korte follow-up perioden 
in de geïncludeerde studies in deze meta-analyse. Verwacht wordt dat minder post-
traumatische arthritis wordt gezien wanneer VLPs worden gebruikt. Lange termijn 
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studies zijn nodig om de invloed van post-traumatische arthritis op de patiëntenuit-
komsten effectief te onderzoeken. 

Op het eerste gezicht (op basis van de Cochrane risk of bias samenvatting), lijken de 
resultaten van deze studies van hoge kwaliteit en chirurgen gebruiken de bevindingen 
waarschijnlijk in de klinische praktijk. Echter, wij stellen dat voorzichtigheid geboden 
is wanneer nader gekeken wordt naar de methodologische beperkingen van gepubli-
ceerde studies, met name gelet op de ondergewaardeerde en niet erkende methodo-
logische beperkingen die naar voren komen in dit proefschrift. Zoals aangetoond in dit 
proefschrift, wordt de indeling van patiënten naar type fractuur beïnvloedt door het 
gebruik van aanvullende CT scans in vergelijking tot conventionele radiografie alleen. 
Kritisch kijkend naar de geïncludeerde studies kunnen we zien dat het waarschijnlijk is 
dat de resultaten onnauwkeurig of beïnvloed worden door bias, omdat alleen conven-
tionele rontgenfoto’s gebruikt werd om fracturen te classificeren om te bepalen of een 
patiënt in aanmerking kwam voor deelname aan de studie. Daardoor verschillen de 
patiëntenpopulaties in de studies waarin patiënten die geselecteerd zijn op basis van 
alleen conventionele rontgenfoto’s van de populaties waarbij aanvullende CT scans 
zijn gebruikt om patiënten te selecteren. Dit heeft gevolgen voor de generaliseerbaar-
heid en toepasbaarheid van de resultaten in de klinische praktijk. 

De geïncludeerde studies zijn uitgevoerd voordat de DASH gevalideerd is voor 
gebruik in DRF patiënten, waardoor het risico bestond op onnauwkeurigheid of bias 
en daardoor potentieel misleidende conclusies. In dit proefschrift hebben we daaren-
tegen aangetoond dat de DASH valide en betrouwbaar is in deze patiëntenpopulatie, 
waardoor ons vertrouwen in de conclusies van dit review versterkt wordt. 

Toekomstperspectief

Vele klinische vragen over de behandeling van DRFs blijven onopgelost en onbe-
antwoord in dit proefschrift. Om deze vragen te beantwoorden zijn echter studies 
gebaseerd op methodologie van hoge kwaliteit nodig. In dit proefschrift hebben we 
verschillende ondergewaardeerde en niet erkende methodologische kwesties in we-
tenschappelijk onderzoek naar DRFs geïdentificeerd en bediscussieerd. We adviseren 
onderzoekers alert te zijn op deze beperkingen van eerder onderzoek naar DRF ten 
einde de kwaliteit van DRF literatuur te verbeteren. In ons onderzoeksprogramma 
nemen we onze eigen adviezen mee in het opzetten van vervolgstudies
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In ons eerstvolgende vervolgonderzoek hebben we een gerandomiseerde 
gecontroleerde trial opgezet waarin we de beperkingen van de literatuur, die in dit 
proefschrift aan het licht worden gebracht, beogen te vermijden. Op basis van het 
in dit proefschrift gepresenteerde bewijs, zal het protocol voor de aankomende Ef-
fectiveness of Surgery Versus Casting for Elderly Patients with Displaced Intra-articular 
Radius Fractures Trial (DART Trial) de volgende kenmerken omvatten: 1) inclusiecrite-
ria op basis van fractuurtype in plaats van een classificatiesysteem; 2) de keuze voor 
het gebruik van een aanvullende CT scan wordt overgelaten aan de chirurg; en 3) de 
gevalideerde DASH en PRWE worden gebruikt als uitkomstmaten. In onze zoektocht 
naar bewijs van hoge kwaliteit voor de behandeling van DRFs, streven wij er naar twee 
stappen voorwaarts, zonder een stap terug, te nemen. 
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properties using COSMIN

Invited speaker NOV ( Dutch Orthopedic Society) annual meeting
	 Patient reported outcome in hand and wrist disorders

2008
2008
2008

2013

2013

2014

2014

2014

0.5
0.5 
0.5 

0.5 

0.5

0.5

0.5

0.5

(Inter)national conferences
-	 ERASS, Barcelona 
-	 ESSSE, Brugge
-	 NOV ( najaars/voorjaars/jaarvergadering)
-	 COA/AOA, Montreal

2008
2008
2008-2013
2014

0.5
0.7
4 
0.7 

Other
-	   
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2. Teaching
Year Workload

(Hours/ECTS)
Lecturing
-	 Orthopaedic Resident Review in Trauma course
-	 Grand rounds McMaster University

2014
2014

0.5 
0.5

Tutoring, Mentoring
-	    
Supervising 
-	� Muzammil Menon, Medical student McMaster University; Project:  

Use of Google in fracture care 
-	 Rosalie Ackerman: Tibial fixation in ACL reconstruction
-	 Niek van der Hoek: Use of Google in fracture care

2014-2015

2017
2017

1

1 
1 

Other
-	  Resident teaching, McMaster University 2014-2015 2
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In de winter van 2011 en 2012 daalde het kwik langdurig onder nul. Erik Hulzebosch 
maakte overuren in de Nederlandse talkshows en de dikte van het natuurijs was on-
derwerp van gesprek bij iedere koffieautomaat.  De Elfstedentocht kon uiteindelijk in 
beide winters geen doorgang vinden, maar heel Nederland kon de schaatsen eindelijk 
weer eens uit het vet halen. 10 dagen lang was het een groot feest op de Nederlandse 
wateren. 

Echter, deze mooie Nederlandse traditie had ook zijn keerzijde. Er stonden rijen met 
patiënten voor de ingang van de Spoedeisende Hulp. Vaak hun arm ondersteunend in 
zelfgemaakte mitella´s en soms nog met hun schaatsen om hun nek. De SEH draaide 
overuren en in de daaropvolgende weken was de traumapoli volledig overboekt. Voor 
al die patiënten uiteraard een drama, maar voor mij als assistent in opleiding tot or-
thopedisch chirurg met voorliefde voor de traumatologie kwamen er onverwachts vele 
mogelijkheden op mijn weg. Dit moment was de officieuze start van mijn promotie. 

De maatschap orthopedie in het OLVG liet mij samen met de gipsverbandmeesters 
mijn eigen polsfracturen poli opzetten. Ik kreeg de volledige vrijheid en vertrouwen 
voor dit project. Dit is mijn ogen typerend  voor deze maatschap in het OLVG en dit 
is slechts een klein voorbeeld van alle mogelijkheden die ze tijdens mijn opleiding en 
zelfs daarna geboden hebben. Ik wil jullie hiervoor dan ook ontzettend bedanken en 
zal hier mijn gehele carrière de vruchten van plukken. 

In het bijzonder wil ik mijn beide opleiders in het OLVG bedanken. Jaap Willems, 
jij hebt mij de kans gegeven om vanuit Rotterdam naar Amsterdam te komen om mijn 
opleiding tot orthopedisch chirurg in het OLVG te volgen. Ik zal de woensdagmiddagen 
waar je de voortgang van wetenschappelijke projecten met jou moest bespreken nooit 
vergeten. Jij hebt mij geholpen om als volledig onervaren wetenschapper mijn eerste 
artikel in de Journal of Shoulder and Elbow te publiceren. 

Daarna begon het tijdperk van Rudolf Poolman als mijn opleider. Voor ieder klinisch 
probleem was er wel een artikel waarin je volgens Rudolf het antwoord kon vinden. 
Evidence Based Medicine voerde de boventoon. Ik werd iedere dag uitgedaagd en met 
halve waarheden kwam je niet weg. Rudolf, jij haalde het beste in mij naar boven! 

Samen met jou en research coördinator Vanessa Scholtes werden mijn ideeën 
omgezet in een promotie traject. Rudolf de man van de grote ideeën, Vanessa en ik 
zorgden er dan samen voor dat het uitvoerbaar werd. Vanessa ik wil je bedanken voor 
alle energie die je vanaf het begin tot te eind in mijn promotie hebt gestopt. Met name 
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in het begin was je kennis van de epidemiologie onmisbaar. Ik heb op dit gebied zoveel 
van je geleerd en zonder jouw kennis en energie was dit proefschrift nooit tot stand 
gekomen.

Sylvester Groen, Rik Nienhuis en Reinoud Krol, jullie heb ik tijdens jullie weten-
schappelijke stage mogen begeleiden. Ik heb genoten van jullie enthousiasme en 
doorzettingsvermogen. Jullie dataverzameling is goud waard geweest voor dit promo-
tietraject. Ik wil jullie hier uiteraard ontzettend voor bedanken.

De basis van mijn traumatologische vaardigheden is gelegd door Maarten Simons 
en Robert Haverlag. Jullie gaven mij veel vertrouwen in mijn vooropleiding en via deze 
weg wil ik jullie ook nog namens Djamilla Boerma bedanken, die tijdens de tweede 
kerstdag lekker thuis kon blijven, en mij als tweedejaars  assistent een volwaardig 
traumaprogramma liet afwerken. Maar naast deze klinische ervaringen moet ik jullie 
natuurlijk ook bedanken voor jullie bijdrage, wat uiteindelijk tot drie publicaties heeft 
geleid, aan dit proefschrift.

Mijn speciale dank gaat uit naar John Ham. Vele polsfracturen hebben we samen 
geopereerd en je was altijd nauw betrokken bij mijn wetenschappelijke vorderingen. 
Als personen zijn we totaal verschillend, maar juist dat maakte onze samenwerking zo 
goed en bijzonder. Je kritische beoordelingen van de vele polsfracturen en de revisies 
van de vele artikelen waar je aan meegeholpen hebt, heeft ervoor gezorgd dat de 
kwaliteit van dit proefschrift sterk verbeterd is.   

Peter Kloen, het heeft even geduurd, maar uiteindelijk heeft onze samenwerking 
geleid tot drie mooie publicaties. Je was altijd betrokken en kwam iedere afspraak na. 
Ik ben je hier dankbaar voor. Sylvester zal de beoordelingssessies op zaterdagochtend 
niet snel vergeten.

My application for a clinical and scientific fellowship at McMaster University consis-
ted of one text message from Rudolf to Mohit Bhandari. Within a minute we received 
a positive answer: “Of course he is welcome”.   I would like to thank Mo for all the 
opportunities he offered me. At what other fellowship do you have the opportunity 
to have private dinners with Wayne Paprosky, Peter Giannoudis and Thomas Einhorn? 
You gave me complete freedom to plan my scientific and clinical activities. And I will 
never forget the following words during our first meeting: “If you are not going to 
travel in Canada with your family for a couple of weeks, you will be fired.” Mo, thanks 
for every single minute of our time in Canada and being one of my promotors.  
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It is not only Mo Bhandari which made this fellowship so special; his team at 
the Centre for Evidence Based Orthopaedics is one of the best in the world. Sheila 
Sprague, assistant professor, how would our start in Hamilton have been without 
you?  Everything was arranged and we could always call you for help. And even after 
my fellowship you kept supporting me and also visited me at the Deventer Hospital, so 
we could continue our collaboration in science.  I am extremely grateful to you. Nicole 
Simunovic, research coordinator, it never took you more than 24 hours to correct any 
of my articles. The door of your office was always open for me and I enjoyed the 
conversations about complex methodological issues. Thank you for all your help.

Kim Madden, research coordinator, without you I would have never finished this 
thesis. Shortly after my fellowship you came to the Netherlands to work at the Deven-
ter Hospital for three months. We had multiple sessions behind our laptops, live or 
through skype. Most of the time I was tired after a day of hard working, but with your 
energy you kept me awake. For you the sky is the limit, although you made it through 
the first rounds, unfortunately you didn’t make it to become an astronaut.  

Ted Berenschot, medewerker bibliotheek OLVG, jij valt in de groep stille krachten. Je 
hebt vele complexe zoekopdrachten in Pubmed voor me uitgevoerd. Het maakte je 
niet uit of ik in het OLVG, het UMCU of aan McMaster University werkzaam was. Dank 
voor al je werkzaamheden die onmisbaar waren voor dit proefschrift. 

Als orthopedisch chirurg promoveren bij een traumachirurg zal bij sommigen de 
wenkbrauwen doen fronsen. Echter voor mij was het een logische keuze. De samen-
werking tussen de traumachirurgen en orthopedisch traumachirurgen is in mijn ogen 
belangrijk om traumachirurgie in Nederland te optimaliseren. Mijn bezoeken aan het 
AMC zorgden er altijd weer voor dat ik opnieuw energie kreeg om de volgende stap 
te nemen. Carel Goslings, ik was altijd onder de indruk van je commentaar op mijn 
manuscripten. Zonder jouw steun en betrokkenheid was dit proefschrift niet tot stand 
gekomen. Jacqueline Brockhoff, secretaresse professor Goslings, jij zorgde er voor dat 
er geen deadline gemist werd. Stress komt in jouw woordenboek niet voor. Iedere 
promovendus verdient zo’n secretaresse!

Een goed voorbeeld van een uitstekende samenwerking in de traumachirurgie is 
onze trauma-unit in het Deventer Ziekenhuis. Herbert Roerdink en Elvira Flikweert, 
traumachirurgen DZ, jullie enthousiasme is aanstekelijk. Jullie steunen me in alle 
onderzoeken die we in een korte tijd hebben opgezet in het Deventer Ziekenhuis. De 
kans dat er een patiënt in jullie dienst niet geïncludeerd wordt, is praktisch nul. De 
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titel “best including center of the month” in de HEALTH trial kwam vaak grotendeels 
op jullie conto. Tijdens onze nieuwe distale radius trial (DART) wilden jullie eigenlijk 
al includeren voordat we eigenlijk officieel begonnen waren. Herbert, ik kijk uit naar 
onze verdere samenwerking in de toekomst en hoop oprecht voor je dat je met hoog 
kwalitatief onderzoek kan aantonen dat de Gannet het eerste keus implantaat wordt 
bij mediale collum fracturen. Elvira, zoals ik in een van mijn laatste stellingen aangeef, 
kost het laatste deel van je proefschrift heel veel energie. Maar ik ben er van overtuigd 
dat op korte termijn ook jouw proefschrift af is en we een trauma unit hebben met 
enkel gepromoveerde (orthopedisch) traumachirurgen. En ik zeg het nog een keer: 
“als je hulp nodig hebt dan ben je altijd welkom!”

Sinds 2015 maak ik deel uit van een fantastische vakgroep orthopedie in het Deven-
ter Ziekenhuis. Zonder steun van je maten is goed wetenschappelijk onderzoek doen 
haast niet mogelijk. Danielle Langeloo, hoewel je je misschien soms afvroeg waar ik 
allemaal mee bezig was, heb je me vanaf dag 1 gesteund in al mijn wetenschappe-
lijke plannen. Samen met Hans-Peter van Jonbergen hebben we al snel de stichting 
”Deventer Evidence Based Orthopaedics” opgericht. Een stichting waar we grote plan-
nen mee hebben! Hans-Peter, ik geniet van de dialogen die we voor en na ons werk 
hebben, dit houdt me scherp. Wetenschappelijk onderzoek maakt echt deel uit van 
jouw praktijk. Ik kijk ontzettend uit naar ons gezamenlijke project dat we hopelijk bin-
nenkort samen met Zimmer kunnen beginnen. Grote data met mogelijk baanbrekende 
uitkomsten die de orthopedie echt kunnen veranderen. De aankomende jaren zijn we 
wetenschappelijk in ieder geval nog aan elkaar verbonden.  Rinco Koorevaar, terwijl 
ik gestaag mijn promotie doorzette, heb jij een enorme eindsprint ingezet. Indrukwek-
kend om te zien hoe snel je het allemaal afgerond hebt. Hopelijk kunnen we ons nu 
richten op het verder uitbreiden van onze schouderpoli en naast de regio functie die 
we hier in hebben er ook een officieel STZ speerpunt van maken. Ik weet zeker dat hier 
ook mooie wetenschappelijke projecten uit voort gaan komen. Lex Barnaart, twee 
promoties in je afscheidsjaar, dat is maar weinig orthopeden gegeven. Ik voelde me 
vereerd dat ik de laatste jaren van je carrière nog mee heb kunnen maken. Er zijn 
denk ik maar weinig orthopeden die nog zoveel passie en energie in hun vak stoppen 
een paar maanden voor hun afscheid. Lex, daar mag je trots op zijn! Joost Reuver, jij 
hebt nooit onder stoelen of banken geschoven dat je geen wetenschappelijke ambities 
hebt. Desondanks ben je onmisbaar in de onze wetenschappelijke projecten. Ook in 
jouw dienst kwam je in huis om HEALTH trial patiënten te opereren en voor PRONO-
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MOS zal jij één van de twee includerende orthopeden worden. Zonder inclusies geen 
data, zonder data geen wetenschappelijk bewijs.   

Esther van ‘t Riet, research coördinator wetenschapsbureau DZ, jij hebt er voor 
gezorgd dat ik één van mijn dromen heb kunnen laten uitkomen. Een eigen onder-
zoeksstichting voor de afdeling Orthopedie in het Deventer ziekenhuis met een 
gepromoveerde researchmedewerker gesteund door het ziekenhuis. Jij hebt de Raad 
van Bestuur kunnen overtuigen van onze ideeën, wat er toe geleid heeft dat de onder-
zoekstrein echt is gaan rijden. 

Wat was ik trots dat ik een gepromoveerde research medewerker had gevonden 
met zelfs internationale werkervaring die samen met mij al mijn wetenschappelijke 
plannen wilde uitwerken. Ellie Landman, ondanks dat jij het soms nog te langzaam 
vindt gaan, mogen we best wel trots zijn op wat we in het afgelopen jaar hebben 
neergezet. Maar ook voor dit proefschrift heb je je steentje bijgedragen. Met name 
tijdens die laatste zware loodjes was je van onschatbare waarde. Ik kijk uit naar onze 
samenwerking de komende jaren!

Peter de Klein en Jules de Beer jullie hebben altijd met veel interesse mijn vorde-
ringen gevolgd. Ik ben er trots op dat deze twee economen mijn paranimfen willen 
zijn.  

Bij mijn schoonouders Mechteld en Michiel Feilzer heb ik heel wat uren achter 
mijn laptop gezeten, zowel op kantoor als in Portugal. Jullie vroegen je iedere keer af 
wanneer het nu eens af is en wat ik nog moest doen. Nu is het dan eindelijk klaar. Dank 
voor jullie geduld.

Papa en Mama, “ikke zelf doen” is iets wat ik van kleins af aan al zei. Jullie hebben 
me altijd gesteund om mezelf te ontplooien en mijn eigen weg te belopen. Mama, we 
zijn totaal anders maar toch lijken we ook veel op elkaar. En papa ik ben opgegroeid 
met weinig complimenten, maar dat heeft er bij mij altijd toe geleid dat ik weer dat 
extra stapje deed. Papa en mama ik ben jullie heel dankbaar.

Rosalie, lieverd, wat hebben we de laatste jaren samen veel meegemaakt. We 
hebben de twee zwaarste winters in jaren doorgemaakt in Canada. Ik aan het werk 
en jij met de kinderen thuis bij -30 graden Celsius terwijl je geen kant op kon. Zonder 
jouw steun en geduld had ik het nooit gered.  We zijn meerdere malen voor mijn werk 
verhuisd. De dag na mijn verdediging voorlopig voor het laatst naar onze mooie huis in 
Gorssel. We gaan samen met de jongens daar een hele mooie tijd tegemoet! 

Bram en Gijs jullie hebben er hopelijk niet al te veel van meegekregen. Maar 
op de laatste dag tijdens het schrijven van dit dankwoord kwamen jullie toch echt 
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vragen waarom ik de hele dag achter de computer moest zitten. Gelukkig net op tijd 
klaar. De kans dat jullie in mijn voetsporen treden is op dit moment heel erg klein 
(en ook helemaal niet erg). Jullie worden geen dokter want dat vinden jullie veel te 
gemakkelijk: “Als dokter hoef je maar één ding te kunnen: Mensen beter maken. Als 
politieagent moet je boeven vangen, bekeuringen uitschrijven, het verkeer regelen… 
dat is pas moeilijk!!”
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Ydo (Vincent) Kleinlugtenbelt is geboren op 31 maart 
1978 in Aalburg. Zijn jeugd heeft hij doorgebracht in 
Drunen, waar hij op het d’Oultremontcollege zijn VWO 
afrondde in 1996. De keuze om geneeskunde te gaan 
studeren stond al op jonge leeftijd vast. Echter door het 
numerus fixus systeem heeft hij de eerste 2 jaar na de 
middelbare school in het buitenland doorgebracht. In 
Brighton, Engeland heeft hij zijn Cambridge Proficiency 
examen gehaald. Vervolgens heeft hij zijn eerste kandi-
datuur behaald aan het Rijks Universitair Centrum Antwerpen. In 1998 werd hij toege-
laten aan de faculteit geneeskunde van de  Erasmus Universiteit te Rotterdam. In 2002 
behaalde hij zijn doctorandus titel, waarna hij zich 2 jaar fulltime op zijn roei carrière 
richtte. In 2006 behaalde hij, cum laude, zijn artsexamen. Na een jaar als Agnio chirur-
gie gewerkt te hebben in het toenmalige MCRZ, werd hij in januari 2008 toegelaten tot 
de opleiding tot orthopedisch chirurg aan de Universiteit van Utrecht (opleiders Prof. 
Dr. R.M. Castelein en Prof. Dr. D.B.F. Saris). Zijn chirurgische vooropleiding (opleider 
Dr. M.F. Gerhards) en het grootste deel van zijn orthopedische  opleiding (opleiders 
Dr. W.J. Willems en Dr. R.W. Poolman)  heeft hij doorlopen in het Onze Lieve Vrouwe 
Gasthuis in Amsterdam. In 2014-2015 heeft hij gewerkt als “Clinical and  Research fel-
low in upper extremity and trauma” aan Mcmaster University, Hamilton,Canada onder 
professor M. Bhandari. Per 1 juni 2015 is hij begonnen als orthopedisch-traumachirurg 
in het Deventer Ziekenhuis en heeft aldaar de stichting Deventer Evidence-Based Or-
thopaedics opgericht. Hij heeft samen met Rosalie Feilzer twee zonen, Bram en Gijs.
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