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Abstract
Objective Operative treatment of an intra-articular distal radi-
us fracture is one of the most common procedures in orthope-
dic and hand surgery. The intra- and interobserver agreement
of common radiographical measurements of these fractures
using cone beam computed tomography (CBCT) and plain
radiographs were evaluated.
Materials and methods Thirty-seven patients undergoing
open reduction and volar fixation for a distal radius fracture
were studied. Two radiologists analyzed the preoperative ra-
diographs and CBCT images. Agreement of the measure-
ments was subjected to intra-class correlation coefficient and
the Bland–Altman analyses.
Results Plain radiographs provided a slightly poorer level of
agreement. For fracture diastasis, excellent intraobserver
agreement was achieved for radiographs and good or excellent
agreement for CBCT, compared to poor interobserver agree-
ment (ICC 0.334) for radiographs and good interobserver
agreement (ICC 0.621) for CBCT images. The Bland–
Altman analyses indicated a small mean difference between
the measurements but rather large variation using both imag-
ing methods, especially in angular measurements.
Conclusions For most of the measurements, radiographs do
well, and may be used in clinical practice. Two different mea-
surements by the same reader or by two different readers can

lead to different decisions, and therefore a standardization of
the measurements is imperative. More detailed analysis of
articular surface needs cross-sectional imaging modalities.

Keywords Distal radius fracture . Radiograph . Cone beam
computed tomography . CBCT . Radiological measurement .
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Introduction

Distal radius fracture is one of the most common types of
fracture, especially in pediatric patients and in the elderly pa-
tient population. In Western countries, a 50-year-old woman
has a 15% risk of suffering a Colles’ fracture during her re-
maining lifetime, whereas the risk is only 2% for a man of the
same age [1]. The optimal treatment of distal radius fractures
is still controversial. Most fractures can be treated non-
surgically with a cast. However, operative treatment of these
fractures has increased rapidly over the last few years. For
example, the number of operatively treated distal radius frac-
tures in Finland doubled between 1998 and 2008 [2]. The
possible reasons for this increase include improved imaging
techniques, development of locking compression plates, and
better treatment outcomes. Results after plate fixation have
been reported significantly better than after external fixation
and percutaneous pin fixation, especially among patients with
AO group-C2 fractures [3].

The decision of whether to treat the fracture of the distal
radius fracture operatively or not most often relies on three
radiographical measurements: ulnar variance, volar tilt, and
radial inclination. These parameters are also used to better
understand the extent of the injury and to predict treatment
outcomes. The criteria for acceptable anatomical reduction
have become stricter because of the improved technology
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and the subsequently improved surgical fixation methods.
Articular incongruities may lead to early degenerative changes
and a common belief is that incongruity of the radiocarpal
joint must be corrected. Many questions are still under debate,
as the radiological findings in elderly patients do not correlate
with the functional outcome [4–6].

Conventional radiographs have an essential role in diag-
nostic evaluation of distal radius fractures. Computed tomog-
raphy (CT) is often used, as it is more a sensitive method in
identifying and quantifying articular incongruities.
Quantification of articular angles and dorsovolar and
mediolateral distances are also better identified on CT [7]. A
prospective study on 120 distal radius fractures found that the
recommended treatment plan changed in 23% of the cases
when multidetector computed tomography (MDCT) imaging
was combined with conventional radiographs [8]. The authors
reported that viewing CT images led to an operative treatment
plan more often than after viewing radiographs alone.

Cone beam computed tomography (CBCT) scanning has
been shown to be a valuable method for assessing wrist liga-
ments and radiocarpal cartilage [9]. The use of CBCT in frac-
ture diagnosis is, however, relatively new. High-resolution
images [10], easy installation [9], and low radiation doses
[11] associated with CBCTare some reasons for its increasing
use. In addition, fewer metallic artefacts are observed on
CBCT scans postoperatively compared to MRI.

Themain aim of the present studywas to compare the intra-
and interobserver agreement of common radiographical mea-
surements of distal radial fractures on plain radiographs and
on CBCT images and to evaluate the role of CBCT in fracture
diagnosis.

Materials and methods

The patients included in this study were treated at the depart-
ment of hand surgery in our hospital. A total of 37 patients
(nine males and 28 females, with a mean age of 58 years
[range, 30–84 years]) who were undergoing open reduction
and volar fixation due to an intra-articular distal radius fracture
were enrolled into the study between February and June 2012.
The patients were recruited consecutively when the radiolog-
ical examinations related to this study could be arranged with-
out delaying the fracture treatment. The study protocol was
approved by the hospital’s ethics committee. The patients
gave their informed consent for the study.

According to the AO fracture classification, all fractures
were of type C. None of the patients had had a previous frac-
ture on the distal radius. The main reason for choosing oper-
ative treatment was articular incongruity. Fourteen of the 37
patients had been preoperatively treated with closed reduction
and cast immobilization.

Standard posteroanterior (PA) and lateral radiographs of
the wrist were obtained using direct digital equipment
(Philips Digital Diagnost, Best, The Netherlands) at the same
time points. The posteroanterior imaging was performed with
the shoulder abducted 90° from the trunk and the elbow in a
flexion of 90° with the ulna perpendicular to the humerus and
the forearm in pronated position. The hand was palm down on
the detector [12]. In this way, the wrist was in neutral position.
The lateral imaging was performed with the forearm in a neu-
tral position and the elbow in a flexion of 90°.

The patients were examined preoperatively using a novel
extremity CBCT scanner (Planmed Verity, Planmed Oy,
Helsinki, Finland). The imaging was performed with the pa-
tient in a sitting position, the forearm in slight to moderate
pronation and the elbow extended or nearly extended [9].
Standard 1.5-mm axial, coronal, and sagittal reformation im-
ages were analyzed. Imaging parameters were as follows:
field-of-view (FOV) 13 × 16 cm, 90–92 kVp, and 6–10 mA
(36–60 mAs).

Two radiologists (denoted R1 and R2), a fourth-year resi-
dent, and a specialist with more than 15 years of experience in
musculoskeletal (MSK) trauma imaging analyzed the radio-
graphs and the CBCT images. A clinical workstation (Agfa
DS3000, IMPAX 5.3, Agfa-Gaevert, Mortsel, Belgium) with
two megapixel monitors (Barco Inc., Kortrijk, Belgium) was
used for the image analyses. Studies were analyzed twice with
an interval of a mean of 5 weeks (range, 2–8 weeks) between
each analysis. The patient data were blinded for the observers.

The radiographical parameters analyzed were: radial length
(RL), articular step-off (SO), fracture fragment diastasis (FD),
radial inclination (RI), volar tilt (VT), teardrop angle (TDA),
and anteroposterior distance (APD) [13]. The measurements
are shown in Fig. 1. The TDA and ADP are newly character-
ized radiographical parameters. In this study, the RL was de-
fined as the difference in axial length between the ulnar corner
of the distal radius and the most distal extent of the ulnar head
on the posteroanterior view. This measurement is also called
ulnar variance. The SO is the vertical distance between artic-
ular surfaces in articular incongruity and the FD is the maxi-
mum separation between fracture fragments. The RI is the
angle between a line connecting the radial styloid tip and the
ulnar aspect of the distal radius and a line perpendicular to the
longitudinal axis of the radius. The VT is measured on the
lateral view and it represents the angle between a line along
the distal radial articular surface and the line perpendicular to
the longitudinal axis of the radius at the joint margin. The
TDA is measured as the angle formed by the intersection of
a line drawn along the central axis of the radial shaft and a line
drawn along the central axis of the teardrop. The teardrop is a
U-shaped structure identified on the lateral view that repre-
sents the volar rim of the lunate facet. The APD is measured
on the lateral view, and determines the distance between the
apices of the dorsal and volar rims [13, 14].
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We calculated the intraclass correlation coefficients [15,
16] in order to assess the repeatability of the measurements.
The intraclass correlation (ICC) assesses the repeatability of
measurements by comparing the variability of different mea-
surements of the same radiologist to the total variation of all
measurements and the two radiologists. We determined that
ICC values of less than 0.40 indicate poor repeatability, ICC
values in the range of 0.40 to 0.75 indicate fair to good repeat-
ability, and an ICC value of greater than 0.75 shows excellent
repeatability [17, 18]. Intra- and inter-observer variation for
each of the measurements was also assessed using the mean
difference, with its 95% limits of agreement [19].

Results

Each imaging study was technically successful. The
anteroposterior distance, the teardrop angle, and the volar
tilt could not be assessed in one case on the radiograph due
to imperceptible or indistinct anatomical landmarks. For
the same reason, the radial length could not been measured

on CBCT in two cases. The articular step-off could not
been measured in one case, and the fracture diastasis and
the teardrop angle were not measured in two cases on
CBCT images.

The mean values of radial length, step-off, fracture
diastasis, radial inclination, teardrop angle, anteroposterior
distance, and volar tilt of four independent measurements by
R1 and R2 are presented in Table 1. The measurements of
radial length, step-off, fracture diastasis, and teardrop angle
made from CBCT images were shown to be within a greater
range than the same measurements made from conventional
radiographs.

The ICC analyses for CBCT and plain radiographs are
presented in Table 2. For radial length, step-off, radial incli-
nation, teardrop angle, anteroposterior distance, and volar tilt,
the intra- and interobserver agreement was good or excellent
for both radiographs and CBCT images. For fracture diastasis,
excellent intraobserver agreement was achieved for radio-
graphs and good or excellent agreement for CBCT, compared
to poor interobserver agreement (ICC 0.334) for radiographs
and good interobserver agreement (ICC 0.621) for CBCT

Fig. 1 Measurements of the radiographical parameters in radiographs and CBCT images, respectively. a and b radial length, c and d radial inclination, e
and f fracture diastasis, g and h volar tilt, i and j step-off, k and l teardrop angle, and m and n anteroposterior distance
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images. Interobserver agreement for radiographs was better
for radial length, teardrop angle, anteroposterior distance,
and volar tilt compared to interobserver agreement for CBCT.

The Bland–Altman analysis (Table 3) shows that although
the mean difference is generally small, the variation, however,
is rather large. Especially the teardrop angle shows relatively

Fig. 1 (continued)

Table 1 The mean values,
standard deviations, and the range
of four independent
measurements for two
radiologists. For radial length and
volar tilt, values are from neutral
(0)

Mean value in
RTG (SD)

Mean value in
CBCT (SD)

Min value
in RTG

Min value
in CBCT

Max value
in RTG

Max value
in CBCT

RL (mm) 3.1(2.7) 3.0 (2.4) −3.6 −3.7 7.9 10.0

SO (mm) 1.0 (1.2) 1.7 (1.7) 0 0 5.1 9.6

FD (mm) 2.1 (1.6) 3.6 (3.0) 0 0 6.4 21.2

TDA (°) 29.4 (14.0) 29.9 (16.2) −10.4 −20.9 72.5 76.3

APD (mm) 20.7 (2.9) 19.7 (2.6) 13.8 12.3 27.1 25.7

RI (°) 15.3 (7.9) 14.1 (8.4) −22.8 −20.0 33.0 28.0

VT (°) 10.7 (17.4) 10.2 (16.6) −33.9 −31.0 71.2 77.0

RL radial length, SO articular step-off, FD fracture diastasis, RI radial inclination, TDA teardrop angle, APD
anteroposterior distance, VT volar tilt (negative and positive values for volar and dorsal tilt, respectively)
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large mean difference and variation in interobserver analysis
in both imaging methods. Figure 2 shows a graphical presen-
tation of Bland–Altman analysis of interobserver agreement
for radial inclination.

Discussion

The interobserver and intraobserver agreement of common
radiographical measurements for intra-articular distal radius
fractures were evaluated using the ICC coefficient and
Bland–Altman analyses. The ICC method provides

quantitative measures of the agreement between the measure-
ments whereas the Bland–Altman analysis provides a qualita-
tive assessment. The Bland–Altman analyses indicated a
small mean difference between the measurements but a rather
large variation using both imaging methods. Especially in an-
gular measurements a wide range of agreement was seen. This
is explained by the comminuted nature of the fractures. In
quantitative analyses for CBCT, none of the ICC values were,
however, classified as poor agreement.

The measurements used in this study are relevant in man-
aging distal radius fractures. The criteria for an acceptable
anatomical reduction of the fracture vary according to the

Table 2 Intra-class correlation for radiographs and CBCT images. ICC value indicating poor agreement is written in italics

Radiograph RL SO FD TDA APD RI VT

ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI

INTRA R1 0.945 0.896–0.971 0.845 0.759–0.917 0.909 0.830–0.952 0.808 0.655–0.897 0.862 0.745–0.927 0.858 0.741–0.924 0.798 0.642–0.891

INTRA R2 0.960 0.923–0.979 0.718 0.516–0.844 0.841 0.712–0.915 0.990 0.980–0.995 0.958 0.919–0.978 0.984 0.969–0.992 0.991 0.983–0.995

INTER 0.922 0.854–0.959 0.615 0.367–0.781 0.334 0.015–0.591 0.806 0.652–0.896 0.806 0.652–0.896 0.790 0.629–0.886 0.720 0.520–0.845

CBCT RL SO FD TDA APD RI VT

ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI ICC 95 % CI

INTRA R1 0.839 0.704–0.915 0.798 0.639–0.892 0.737 0.542–0.857 0.845 0.718–0.918 0.695 0.482–0.830 0.890 0.796–0.942 0.936 0.878–0.966

INTRA R2 0.945 0.896–0.971 0.925 0.860–0.961 0.953 0.911–0.976 0.978 0.958–0.989 0.954 0.913–0.976 0.985 0.971–0.992 0.855 0.736–0.923

INTER 0.774 0.597–0.879 0.686 0.468–0.825 0.621 0.371–0.787 0.508 0.219–0.714 0.623 0.378–0.786 0.948 0.901–0.973 0.594 0.338–0.768

Table 3 Intra and inter-observer
variation for measurements, with
mean differences (SD) and 95 %
limits of agreement

Radiographs CBCT

Mean SD 95 % lower
limit

95 % upper
limit

Mean SD 95 % lower
limit

95 % upper
limit

RL intraR1 −0.4 0.9 −2.3 1.4 0.4 1.4 −2.3 3.1

RL intraR2 0.0 0.7 −1.4 1.4 0.3 0.8 −1.2 1.9

RL inter 0.8 1.1 −1.3 2.9 0.6 1.7 −2.6 3.9

SO intraR1 −0.1 0.7 −1.4 1.2 0.0 1.0 −2.0 2.0

SO intraR2 0.0 0.9 −1.8 1.7 −0.2 0.7 −1.5 1.2

SO inter −0.6 1.1 −2.7 1.5 −0.6 1.3 −3.1 1.9

FD intraR1 0.2 0.7 −1.1 1.5 0.2 2.3 −4.4 4.7

FD intraR2 0.1 0.9 −1.7 1.9 0.2 0.9 −1.6 1.9

FD inter −1.7 1.8 −5.3 1.9 −1.2 2.9 −6.8 4.4

RI intraR1 −1.1 4.4 −9.8 7.5 1.3 3.8 −6.1 8.7

RI intraR2 −0.2 1.4 −2.9 2.5 −0.3 1.5 −3.2 2.7

RI inter −0.2 5.4 −10.7 10.4 1.2 2.8 −4.3 6.6

TDA intraR1 5.7 8.0 −10.0 21.4 1.4 8.7 −15.6 18.4

TDA intraR2 0.6 2.2 −3.7 4.8 0.2 3.6 −6.8 7.2

TDA inter 12.9 8.9 −4.5 30.4 14.2 15.8 −16.8 45.2

APD intraR1 −0.4 1.6 −3.5 2.7 −0.1 2.1 −4.1 3.9

APD intraR2 0.5 0.8 −1.1 2.1 0.0 0.8 −1.6 1.5

APD inter −0.5 1.5 −3.5 2.4 −0.5 2.4 −5.2 4.3

VT intraR1 −4.8 11.9 −28.2 18.6 1.7 5.6 −9.3 12.7

VT intraR2 0.1 2.2 −4.2 4.3 1.8 9.5 −16.8 20.4

VT inter 1.9 11.3 −20.3 24.1 −1.7 16.0 −33.0 29.7
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literature [20, 21]. An operation is generally performed when
the radial shortening is more than 3 mm, the dorsal tilt is more
than 10°, the volar tilt is more than 20°, the radial inclination is
less than 15°, or the articular step-off is more than 1 mm.With
elderly patients, the criteria tend to be less strict. The decision
of whether to operate or is often based on a 1–2 mm or a 5°
deviation from the acceptable values. Individual measure-
ments of both intra- and extra-articular parameters may affect
the choice of treatment method.

The ICC values showed good intra- and interobserver
agreement for radial length, step-off, teardrop angle,
anteroposterior distance, radial inclination, and volar tilt for
both radiographs and for CBCT images. However, the Bland–
Altman analysis showed large variation in intra- and interob-
server analysis for angular measurements.

Fracture diastasis is difficult to measure in comminuted
fractures with multiple fragments. Computed tomography is
most often performed with the intent to evaluate fracture
diastasis, as the evaluation of the articular surface is much
more precise with CBCT or CT scans than with plain radio-
graphs. We obtained different interobserver results for fracture
fragment diastasis on radiographs and CBCT. In ICC analy-
ses, the interobserver agreement for fracture diastasis was
poor (ICC 0.344) for radiographs and good (0.621) for
CBCT images. There is no consensus on how precisely the
articular surface should be restored or which value of fracture
diastasis is acceptable. Despite this, viewing CTscans with the
intent to evaluate the articular surface often tempts the surgeon
to choose surgical procedures ahead of conservative treatment
[8].

Measurement of radial length or ulnar variance can be per-
formed using several different methods. In this study, radial
length was defined as the difference in axial length between
the ulnar corner of the distal radius and the most distal extent
of the ulnar head on the posteroanterior view. A study

comparing the different measuring methods found that each
method of radiographic determination of ulnar variance had
considerable disagreement with other methods [22]. Intra- and
interobserver reliability was excellent using all methods. Also,
different imaging modalities were found to underestimate ul-
nar variance in a study that compared measurements on plain
radiographs, CT, MRI, and anatomic dissection [23]. It has
previously been proposed that the ulnar variance could be
more reliably measured on lateral radiographs but in commi-
nuted fractures, determination of this measurement is
ambiguous.

In addition to the widely used radiographical parameters,
this study also included the recently characterized parameters
of teardrop angle and anteroposterior distance. By measuring
the teardrop angle, the presence of dorsal deformity and artic-
ular incongruity in impacted fractures in which there is disso-
ciation of the volar and dorsal parts of the articular surface can
be demonstrated. The anteroposterior distance increases in
impaction fractures and it can also demonstrate incongruity
across the sigmoid notch area. The intra-class correlation
values showed good agreement with these measurements in
radiographs and CBCT images. This study did not, however,
define the relevance of these parameters in fracture treatment.
These parameters can be useful in the overall evaluation of the
extent of the injury and, together with other measurements,
serve to evaluate the extent of the injury and to predict the
treatment outcome.

For most of the measurements, radiographs do well and
may be used in clinical practice, while more detailed analysis
of articular surface needs cross-sectional imaging modalities.
A routine use of CBCT, or CT in general, in the treatment of
comminuted distal radius fractures may not be justified, and
these more advanced imaging methods should be reserved for
more complicated cases. On the other hand, CBCT provides
logistically an intriguing alternative, since it can be installed in

Fig. 2 Differences in radiographical (a) and CBCTmeasurements (b) for
radial inclination with ±1.96 SD (95 % limits of agreement), plotted
against the mean measurements between radiologists 1 and 2.

Agreement was not acceptable for radiographs, but it was acceptable for
CBCT
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the same room with ordinary radiographic equipment or even
in the operating room. For now, CBCT imaging is limitedly
available.

Ordinary CT of the wrist and ankle has an effective dose of
30 and 70 μSv, respectively [24]. In a recent study, the effective
doses of the ankle joint imaged with CBCT and plain radio-
graphs were compared [25]. They found that ankle imaging
performed with the same CBCT scanner used in our study and
two standard view radiographs (AP and lateral) resulted in an
effective dose of 6 and 1.5 μSv, respectively. To our knowledge,
no similar comparative study of wrist imaging has been per-
formed. However, the effective dose is assumed to be of the
same magnitude as in ankle examination, i.e., less than 10
μSv. CBCT can thus be regarded as a potential low-dose 3D
imaging technique for wrist examination. In the future, this nov-
el approach may replace CT scans in dedicated MSK centers.

Plain radiographs provided a slightly poorer level of agree-
ment when comparing intra- and interobserver agreement for
common radiographical measurements of intra-articular frac-
tures of the distal end of the radius. Based on the results of this
study, it appears impossible to accurately determine the degree
of difference between a 15° and a 20° volar tilt or radial incli-
nation or a 1-mm or a 2-mm step-off in the articular surface.
Two different measurements by the same reader or by two dif-
ferent readers can lead to different decisions and therefore a
standardization of the measurements is imperative. However,
even with standardized measurements, it is difficult to give strict
guidelines to clinicians struggling with the decision to operate or
not. Our study results support the use of cross-sectional imaging
especially in cases with suspicion of fracture fragment diastasis
or poor angular measurements in plain radiographs. In conclu-
sion, it would be valuable to have prospective trials studying the
relevance of the radiographical measurements and treatment de-
cisions made based on these measurements.
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