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Spectrum bias, a common unrecognised 
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Objectives
Current studies on the additional benefit of using computed tomography (CT) in order to 
evaluate the surgeons’ agreement on treatment plans for fracture are inconsistent. This 
inconsistency can be explained by a methodological phenomenon called ‘spectrum 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 intra-observer agreement of treatment plans for fractures of the distal radius.

Methods
Four surgeons evaluated 51 patients with displaced fractures of the distal radius at four time 
points: T1 and T2: conventional radiographs; T3 and T4: radiographs and additional CT scan 
(radiograph and CT). Choice of treatment plan (operative or non-operative) and therapeutic 
certainty (five-point scale: very uncertain to very certain) were rated. To determine the 
influence of spectrum bias, the intra-observer agreement was analysed, using Kappa 
statistics, for each degree of therapeutic certainty. 

Results
In cases with high therapeutic certainty, intra-observer agreement based on radiograph was 
almost perfect (0.86 to 0.90), but decreased to moderate based on a radiograph and CT 
(0.47 to 0.60). In cases with high therapeutic uncertainty, intra-observer agreement was 
slight at best (-0.12 to 0.19), but increased to moderate based on the radiograph and CT 
(0.56 to 0.57).

Conclusion
Spectrum bias influenced the outcome of this agreement study on treatment plans. An 
additional CT scan improves the intra-observer agreement on treatment plans for a fracture 
of the distal radius only when there is therapeutic uncertainty. Reporting and analysing 
intra-observer agreement based on the surgeon’s level of certainty is an appropriate method 
to minimise spectrum bias.

Cite this article: Bone Joint Res 2015;4:190–194.

Article focus
- To determine the influence of spectrum bias
on the intra-observer agreement of treatment
plans for a fracture of the distal radius.

Key messages
- Spectrum bias influences the intra-observer
agreement of treatment plans for a fracture of
the distal radius
- An additional CT scan improves the intra-
observer agreement on treatment plans for a
fracture of the distal radius only when there is
therapeutic uncertainty.

- Reporting and analysing intra-observer
agreement based on the surgeon’s level of
therapeutic certainty is an appropriate
method to minimise spectrum bias.

Strengths and limitations
- Strength: the current study is the first agree-
ment study to implement the surgeon’s level
of therapeutic certainty in their analysis to
minimise the effect of spectrum bias.
- Strength: The COAST criteria were used to
ensure we addressed all components of an
agreement study. 

Freely available online

Keywords: Agreement study, spectrum bias, intraobserver, distal radial fracture, computed tomography



191 Y. V. KLEINLUGTENBELT, M. HOEKSTRA, S. J. HAM, P. KLOEN, R. HAVERLAG, M. P. SIMONS, M. BHANDARI, J. C. GOSLINGS, R. W. POOLMAN, V. A. B. SCHOLTES

BONE & JOINT RESEARCH

- Limitation: The distribution over the different groups of
therapeutic certainty was skewed in this study.

Introduction
Various treatment methods are available for fractures of
the distal radius, mostly guided by fracture characteristics
and surgeons’ expertise.1 Historically, plain radiographs
have played a large role in characterising these different
type of fractures. However, it is known that plain radio-
graphs are not the most reliable modality for accurate
assessment of the distal part of the radius. The use of
computed tomography (CT) is becoming a popular addi-
tional imaging modality to assess the exact morphology
of fractures of the distal radius, especially when a surgeon
cannot evaluate this from radiographs alone.2-4

The increased popularity of using both radiograph and
CT may be supported by previous study results which
show that, compared with plain radiographs alone, the
addition of CT is a more accurate method of assessing cer-
tain fracture characteristics (e.g. the amount of comminu-
tion, involvement of the distal radioulnar joint and the
extent of articular surface depression).2,3

Therefore, the addition of CT improves the accuracy of
assessing fracture characteristics of the distal radius. What
is less clear is whether CT improves the agreement on
treatment planning. Studies have found that the treat-
ment plan (conservative or surgical) may shift after the
addition of CT. More specifically, when a treatment plan
is based on both radiograph and CT, a surgeon is more
likely to treat the patient with a fracture of the distal radius
surgically than when the treatment plan is based on
radiograph 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 perfect
agreement’.5-7 In addition, the agreement on treatment
plans does not consistently improve with the addition of
CT, when compared with radiographs alone.5-7

One explanation for these apparently inconsistent results
may be the differences in the chosen study population in
these agreement studies. Ideally, the test results should be
evaluated in a study population that is a perfect reflection 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 significantly mislead clinicians.8 

For example, when only cases with grossly dislocated
extra-articular fractures, with inadequate positions after
closed reduction, are selected for these studies, the intra-
observer agreement will probably be very high, either
based on radiographs or on radiographs and CT. This is
because the therapeutic uncertainty will be low: surgeons
will most likely plan to operate, based on a radiograph
alone, and one would not expect them to change their
treatment plan when they reassess a case with the addition
of CT. Therefore, this group of patients would not be an
appropriate study population. If chosen, it would give 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 plan-
ning compared with using radiographs alone. 

On the other hand, when only cases are selected in
which the radiograph 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 radiographs,
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. Conse-
quently, the intra-observer agreement on treatment plan-
ning with an additional CT is expected to be higher in these
cases. In fact, in clinical practice surgeons tend to use the
additional CT scan for treatment planning, especially in
cases in which they lack therapeutic certainty.

Therefore, the aim of this study was 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. To
address the potential influence of spectrum bias, we will
determine the influence of the surgeon’s level of thera-
peutic certainty on the intra-observer agreement in treat-
ment plan in patients with displaced fractures of the distal
radius using radiograph alone or radiograph and CT. We
hypothesised that 1) the intra-observer agreement is pos-
itively related to the surgeon’s therapeutic certainty, both
on radiograph and radiograph plus CT, 2) the level of cer-
tainty is most strongly related to the intra-observer agree-
ment based on radiograph, and 3) the intra-observer
agreement only improves by the addition of CT in thera-
peutically uncertain cases.

Materials and Methods
Study design. This retrospective cohort study was con-
ducted according to the Collaboration for Outcome
Assessment in Surgical Trials (COAST) guidelines.9 Ethics
approval was obtained from the medical ethical commit-
tee at the Onze Lieve Vrouwe Gasthuis, Amsterdam, The
Netherlands (WO 10.086). 
Study patients. Between January 1, 2007 and March 2,
2011, a database was established of patients with a dis-
placed fracture of the distal radius 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 presented
with a displaced fracture of the distal radius in the Emer-
gency Department, were 18 years of age or older, had no
prior fracture or pathology of the distal radius, had both
pre- and post-reduction plain posterior-anterior and
lateral radiographs of the wrist, and had an additional
post-reduction CT, made within five days after the reduc-
tion in case of any doubt of the characteristics of the frac-
ture, or when there was a possible indication for surgery. 
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Observers. The panel consisted of four experienced
Dutch surgeons, two of whom are trauma surgeons
(MPS, RH) and two of whom are orthopaedic surgeons
(SJH, PK). All four surgeons have over ten years of experi-
ence in the treatment of fractures and all are responsible
for the care of patients with a fracture of the distal radius
within their department. 
Time points. All surgeons scored the images at four dif-
ferent time points (T1 to T4). The order of the images was
randomised to differ at all time points. Each scoring
round was performed with an interval of at least four
weeks.

- T1: pre- and post-reduction plain radiographs (T1 radio-
graph).

- T2: pre- and post-reduction plain radiographs (T2 radio-
graph). 

- T3: pre- and post-reduction plain radiographs and axial,
sagittal and coronal planes CT (T3 radiograph and CT).

- T4: pre- and post-reduction plain radiographs and axial,
sagittal and coronal planes CT (T4 radiograph and CT). 

All images were converted to digital format and anony-
mised. The cases were also presented with the relevant
clinical data (e.g., age of the patient, gender, dominant
hand, profession and specific hobbies). 
Scoring form. Scoring included choice of treatment plan
(non-operative treatment with plaster after closed reduc-
tion, or operative treatment) and therapeutic certainty on
the treatment plan: very uncertain; uncertain; somewhat
uncertain; certain; and very certain). 

Therapeutic certainty was defined as how confident
the surgeon was about his treatment plan. For example, if
the surgeon was completely sure that he would treat a

patient operatively, he scored a five on the level of cer-
tainty. If he was unsure about the type of treatment, he
scored a one or two on the level of certainty.
Statistical analysis. We determined the intra-observer
agreement in two different ways. Firstly, we determined
the intra-observer agreement on treatment plans for each
surgeon separately and calculated the mean agreement
for the four surgeons. Secondly, we analysed the intra-
observer agreement by the surgeon’s therapeutic cer-
tainty, scored at T1. Due to having relatively small num-
bers in the “very uncertain” group, during the final data
analysis, we subsequently combined “very uncertain”
and “uncertain” into one group. 

T1 and T2 were used to determine the intra-observer
reliability for a radiograph. 

T3 and T4 were used to determine the intra-observer
reliability for a radiograph and CT 

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

Results
Study participants. During the study period, a post-
reduction CT scan was undertaken for 85 patients who
entered the Emergency Room with a displaced fracture of
the distal radius. A total of 51 patients met the complete
inclusion criteria (Fig. 1). Their mean age was 50 years
(standard deviation (SD, 14)). 75% of the patients were
female. The CT scan was performed at a mean of 2.53
days post-reduction (SD 2.21).

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

Other motives for exclusion:
Combined/old injury (n = 3)

Fractures of the distal radius with pre and
post reduction images and a CT scan

(n = 85)

Fractures of the distal radius with pre and
post reduction images and CT scan

within 5 days 
(n = 54)

Fractures of the distal radius
included
(n = 51)

Fig. 1

Flowchart showing the exclusion criteria.
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Agreement treatment plans . The mean intra-observer
agreement, regardless of the level of therapeutic cer-
tainty, on treatment plan based on radiograph is substan-
tial (0.69). Adding a CT scan resulted in moderate
agreement (0.57) (Table I).

Table II presents the agreement when the level of ther-
apeutic certainty is taken into account. Based on radio-
graph alone, the intra-observer agreement was found to
be positively related to the level of therapeutic certainty.
The intra-observer agreement increased from no agree-
ment (-0.12) in therapeutic uncertain cases to almost per-
fect (0.86) in therapeutic certain cases. Based on
radiograph and CT, the degree of intra-observer agree-
ment was found to be unrelated to the level of thera-
peutic certainty as it was found to be moderate (range
0.47 to 0.60) for all therapeutic cases. 

For those cases where there was therapeutic uncer-
tainty on the treatment plan based on radiograph, adding
a CT improved the intra-observer agreement from ‘none’
to ‘slight agreemen based on radiograph, to ‘moderate
agreement’ based on radiograph and CT. 

For those cases where there was therapeutic certainty on
the treatment plan based on radiograph’, adding a CT
worsened the intra-observer agreement, which decreased
from almost perfect agreement (range 0.86 to 0.90) based
on radiograph, to moderate agreement (range 0.47 to
0.60) based on radiograph and CT. 

Discussion
Using radiographs alone, the level of therapeutic cer-
tainty is positively related to the intra-observer agree-
ment, and even leading to no agreement when the
surgeon is uncertain on the treatment plan. This influ-
ence is not seen on the intra-observer agreement based
on radiograph and CT scan. 

In therapeutically uncertain cases, the intra-observer
agreement on treatment plan improves when an addi-
tional CT scan is used. In therapeutically certain cases, the
agreement is already perfect, thus, there is little to 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
intra-observer agreement on treatment plan, but only
when there is therapeutic uncertainty. 

The results based on our entire study population, with-
out taking the surgeon’s level of certainty into account,
may have led us to conclude differently and, therefore,
may have been misleading for clinicians. These poten-
tially misleading results showed us that the intra-observer
agreement on treatment plan did not increase when
using additional CT scanning for decision making in treat-
ment plans for fractures of the distal radius. Moreover, it
was even less reliable (radiograph alone: Kappa 0.69;
radiograph and CT: Kappa 0.57). 

These differences in interpretation of our study results
show the relevance of correcting 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 minimised spectrum bias,
and so were able to determine the intra-observer agree-
ment in a population with and without therapeutic
uncertainty.

The controversy seen in literature regarding fractures of
the distal radius on agreement in a treatment plan is also
seen in other types of fracture, including fractures of the
proximal humerus11-13 and fractures of the tibial pla-
teau.14-17 Although the CT scan has been shown to be

Table I. Kappa statistics of the four observers and the mean with 95% confidence interval (CI) in
parentheses for treatment plan on plain radiographs and plain radiographs with an additional CT scan
(radiograph and CT scan)

Intra-observer agreement for all cases 

Observer Radiograph (T1 to T2) Radiograph and CT scan (T3 to T4)

Observer 1 0.48 (0.23 to 0.72) 0.60 (0.39 to 0.81)
Observer 2 0.50 (0.14 to 0.86) 0.40 (0.14 to 0.66)
Observer 3 0.61 (0.34 to 0.87) 0.79 (0.39 to 1.00)
Observer 4 0.83 (0.67 to 0.99) 0.44 (0.23 to 0.65)
Mean 0.69 (0.58 to 0.79) 0.57 (0.45 to 0.69)

Table II. Kappa statistics based on the surgeon’s level of certainty with 95% confidence interval (CI) in parentheses for
treatment plan on plain radiographs and plain radiographs with an additional CT scan (radiograph and CT scan)

Intra-observer agreement, based on surgeon’s level of certainty

Radiograph (T1 to T2) Radiograph and CT scan (T3 to T4)

(Very) uncertain -0.12 (-0.62 to 0.38) No 0.57 (0.18 to 0.95) Moderate
Somewhat uncertain 0.19 (-0.11 to 0.48) Slight 0.56 (0.26 to 0.87) Moderate
Certain 0.90 (0.76 to 1.00) Almost perfect 0.47 (0.19 to 0.75) Moderate
Very certain 0.86 (0.76 to 0.96) Almost perfect 0.60 (0,44 to 0.76) Moderate
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more accurate in assessing characteristics of fractures, 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.

The strength of our study is that all observers were
experienced in judging imaging and treatment of frac-
tures of the distal radius. As seen in many agreement
studies, the average intra-observer agreement will proba-
bly be slighter lower when you have fewer experienced
surgeons.9 However, we would still expect a similar pat-
tern, that the agreement based on radiograph is highly
influenced by the surgeon’s level of certainty on the treat-
ment plan. Furthermore, all observers were blinded to
the design and hypothesis of the study. In addition, the
order of images was randomised, 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 com-
ponents 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. Surgeons are generally confident in their deci-
sions, which probably explains why these groups were
relatively small.
Implications for future research. In summary, our study
results show that there is an additional value of CT scan-
ning over conventional radiographs in cases where there
is therapeutic uncertainty in displaced fractures of the dis-
tal radius. However, this does not mean that the addi-
tional study has influence on the outcome of the patient.
Prospective randomised studies should indicate whether
the use of an additional CT scan and the resulting
management in cases of therapeutic uncertainty would
influence outcomes in patients with displaced fractures of
the distal radius. 

To the best of our knowledge, no previous agreement
studies implemented the surgeon’s level of certainty in
their analysis to minimise 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 treatment plans in
fracture care, we suggest using this method to minimise
spectrum bias.

In conclusion, our study shows that spectrum bias may
influence the outcome of agreement studies on treatment
plans. An additional CT scan improves the intra-observer
agreement on plans for the treatment of fractures of the
distal radius only when there is therapeutic uncertainty.
Reporting and analysing intra-observer agreement based
on the surgeon’s level of certainty is an appropriate
method of minimising spectrum bias. 
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