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Background and purpose — Most displaced distal radius 
fractures (DRF) are treated nonoperatively, with reduction 
and immobilization in a cast. Studies assessing intra- or 
inter-observer agreement on radiologic measurements of 
casting position have not been published, which was the aim 
of our study.

Patients and methods — Our study is based on 
the Kuopio Osteoporosis Risk Factor and Prevention 
(OSTPRE) study. All detected DRFs during the OSTPRE 
follow-up were retrieved and based on sample size calcu-
lations 50 fractures were randomly selected for the study. 
5 independent reviewers measured dislocation parameters 
and wrist position in a cast from the radiographs. A linear 
mixed model was used to estimate the concordance correla-
tion coefficient (CCC) and total deviance index (TDI) that 
were used to evaluate intra- and inter-observer agreement. 
We used Kappa values to determine intra- and inter-rater 
agreement on radiographically acceptable reduction of the 
DRF. Limits of acceptable position were those defined by 
Finnish Current Care Guidelines.

Results — For radial inclination, radial shortening, 
and dorsal/volar tilt, intra- and inter-observer correlations 
were high (CCC > 0.76). In addition, measurements of 
wrist angle in a splint had high correlations (CCC > 0.78), 
whereas measurement of intra-articular gap and step had 
poor correlations (CCC < 0.52). The Kappa value for over-
all agreement on the radiographically acceptable position of 
the DRF was modest (0.59).

Conclusion — Intra- and inter-observer repeatability of 
casting position of radial inclination, radial shortening, and 
dorsal/volar tilt were high whereas intra-articular gap and 
step had poor correlations.

Distal radius fracture (DRF) is one of the most common frac-
tures and in people aged over 65 years, it accounts for 18% of 
all fractures [1,2]. 

Based on Finnish Current Care Guidelines (FCCG), mea-
surements used to assess DRF dislocation are radial inclina-
tion, radial shortening, dorsal/volar tilt, intra-articular step and 
gap [3]. 

It has been estimated that at least 80% of DRFs can be 
reduced nearly anatomically [4,5]. However, the association 
between radiographic measurements and functional outcome 
remains unclear [6]. There is some evidence that the opera-
tive treatment of fracture with post-reduction radial shorten-
ing > 3 mm, dorsal tilt > 10 degrees, or intra-articular gap 
or step-off > 2 mm leads to a better radiographic and func-
tional outcome [7]. The ulnar variance has been found to be 
the most important radiographic parameter to be restored 
to obtain good functional outcome [8]. If the reduction is 
within these previously mentioned limits for each param-
eter, it is recommended to treat the fracture nonoperatively 
with cast immobilization for 5 weeks [3]. However, there is 
a lack of evidence for the optimal immobilization method 
(casting material, casting technique, wrist position, and dura-
tion of immobilization) [9]. To estimate the casting angle of 
the wrist in the splint, flexion/extension and deviation of the 
wrist can be measured from the PA and ML radiographs. Pre-
vious studies assessing intra- or inter-observer agreement on 
radiologic measurements of casting position have not been 
published [10-13]. 

The purpose of this study was to investigate the inter- and 
intra-observer agreement of the radiographic measurements of 
dislocation and casting position of DRF and investigate the 
reliability of these measurements in a clinical setting.  
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Patients and methods

The study was based on the Kuopio Osteoporosis Risk Factor 
and Prevention (OSTPRE) study (https://www3.uef.fi/en/
web/kmru/ostpre), which investigates the significance of life-
style and health disorders for bone mineral density and the 
susceptibility to fall and fractures of peri- to post-menopausal 
women [14]. 

For the present study, all self- or register-reported wrist frac-
tures between 2010 and 2019 (n = 737) were retrieved and 
validated from the medical records by study group physicians. 
The radiographs were searched with the personal identity code 
from the PACS system (Picture Archiving and Communica-
tion System, SECTRA Ab, Sweden) used in the hospital dis-
trict of Northern Savo, Finland. Simple random sampling was 
used to select a total of 50 fractures from the study population. 
All randomly selected images were measured regardless of the 
image field quality or size of the image field. 

The radiographs taken after first reduction and casting were 
selected to validate the fracture dislocation parameters and the 
casting angle. The chosen parameters for evaluating the dislo-
cation of the fracture were based on the FCCG. 5 independent 
reviewers (KP, SM, SK, HS, and JS) measured the following 
dislocation parameters from the radiographs (Figure 1): (1) 
radial inclination; (2) radial shortening; (3) sagittal shift; (4) 
dorsal/volar tilt; (5) intra-articular gap; and (6) intra-articular 
step. In addition, the casting angle of the wrist in the splint was 
measured. All these parameters were measured in the PACS 
system. The accuracy of the PACS system is 0.1 mm. The 
casting angle of the wrist was defined as the angle between the 
radial axis and the axis of the 3rd metacarpal bone in the lateral 
(wrist flexion/extension) and PA view (ulnar/radial deviation) 
(Figure 1). The measurements were carried out twice by all 
5 reviewers with at least a week between the measurements, 
and data for the first measurements were unavailable. 2 of the 
observers (SK and HS) were third-year medical students and 
prior to the current study were instructed to measure param-
eters of dislocation and casting angle by KP with randomly 
selected cases, not included in the present study sample or the 
OSTPRE cohort. 1 of the observers was a resident in orthope-
dics and traumatology (KP) and 2 were consultant orthopedic 
surgeons (SM and JS).  

Statistics
As measurement agreement is not about the testing of hypoth-
eses but about estimation of parameters, adequate sample size 
was assessed in terms of expected standard errors by using 
the variances of parameters obtained from the supplemen-
tal data published in Watson et al. [11] with the simulation 
technique for sample size determination presented in Choud-
hary and Nagaraja [15]. Based on the simulations, a set of 50 
images was considered to be a suitable compromise between 
the uncertainty and pragmatic possibilities. This is effectively 

Figure 1. Dislocation and casting angle of the wrist in the splint mea-
surements in PA and M/L radiographs.
A. Measurements of radial inclination (a) and radial shortening (b). 
The long axis of radius (1). A line perpendicular to the long axis of 
the radius is drawn at the level of the most distal aspect of the radial 
articular surface (2). The radial and ulnar margins of the distal radial 
articular surface are connected (3). A line perpendicular to the long 
axis of the radius is drawn at the level of the most distal aspect of the 
ulnar articular surface (4). Radial inclination (a) is the angle between 
lines 2 and 3. Radial shortening is the distance between lines 2 and 4.
B. Measurement of dorsal/volar tilt (a). Long axis of the radius (1). The 
anterior and posterior margins of the most distal aspect of the radial 
articular face are connected (2). A line perpendicular to the long axis of 
the radius is drawn at a convenient level (3). The angle between lines 
2 and 3 is dorsal/volar tilt (negative tilt is dorsal tilt).
C. Measurement of the gap.
D. Measurement of the step. 
E. Measurement of the sagittal shift.
F. and G. Measurements of the casting angle in PA (F) and M/L (G) 
radiographs. The long axis of the radius (1). The long axis of the third 
metacarpal bone (2). Wrist deviation (a) is the angle between lines 1 
and 2 in the PA radiograph. Wrist flexion/extension (b) is the angle 
between lines 1 and 2 in the M/L radiograph.
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more than the sample sizes used in previous studies (n = 30 
to 37) for intra-observer analyses (10,11). Our final data con-
sisted of 5 raters with 2 repeated measurements for 50 images. 
We used trellis plots to visualize the intra- and inter-observer 
agreement. We used a linear mixed model to take different 
dependencies adequately into account in order to the calculate 
concordance correlation coefficient (CCC) and total deviance 
index (TDI) for measures of agreement and repeatability (15). 
The CCC estimate and its 95% confidence interval (CI) lower 
bound indicate the degree of agreement. The CCC represent-
ing intraclass correlation and reliability may be viewed as a 
chance-corrected measure, reflecting the extent of agreement 
in excess of what is expected by chance alone. To assess the 
extent of agreement, we also estimated 90% TDI values. The 
upper bound of the CI for TDI determines the range on the 
scale of measured variable that captures 90% of differences in 
measurements with 95% confidence. 

In addition to single continuous parameters, we were also 
interested in the combined agreement of parameters reflect-
ing radiographically acceptable reduction of the DRF. Chosen 
limits for acceptable reduction and conservative treatment 
were those defined by FCCG (dorsal tilt ≤ 15° in relation to 
perpendicular position, radial shortening ≤ 3 mm with the 
assumption of neutral ulnar variance, intra-articular step ≤ 
1 mm, intra-articular gap ≤ 1 mm, radial inclination ≥ 15°), 
fundin and a binary treatment choice variable, being 1 if all 

conditions are fulfilled and zero otherwise, was constructed. 
We used Cohen’s Kappa to estimate the chance-corrected 
intra- and inter-observer agreement. We considered agreement 
to be weak if Kappa was < 0.40, good for 0.40–0.75 and excel-
lent for Kappa > 0.75.  
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tors. Completed disclosure forms for this article following 
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Results

Characteristics of the study population and fractures are given 
in Table 1. The study population included only women. The 
mean age at the time of fracture was 76 (SD 3.8, range 68–86) 
years. The mean number of self-reported chronic diseases was 
5.5 (SD 3.1, range 0–18). Numbers of diseases were collected 
from the questionnaire nearest the time of fracture. The most 
common diseases were hypertension and knee/hip osteoarthri-
tis. The average value for radial shortening was 2.2 (SD 2.1, 
range 0.0–9.9) mm and for tilt 4.9 (SD 9.1, range –29.6 to 
29.7) degrees. The mean values of casting angle were wrist 
flexion/extension 14.7 (SD 14.0, range –22.2 to 84.4) and 
wrist deviation 8.1 (SD 8.3, range –15.7 to 32.2) degrees. 

Intra- and inter-observer CCCs for every measured dislo-
cation parameter are shown in Table 2 (see Appendix). The 
average and the range of all 5 reviewers’ CCCs and TDIs are 
given in Table 3. Inter-observer correlation was high for radial 
inclination (range 0.74–0.91), radial shortening (0.78–0.87), 
and wrist flexion/extension (0.80–0.98). Sagittal shift (0.26–
0.48), intra-articular gap (0.10–0.35), and step (0.02–0.09) 
had poor agreement. In each parameter, intra-observer CCC 
values were higher than inter-observer CCCs. Intra-observer 
agreement of radial inclination (0.74–0.96), radial shortening 
(0.88–0.96), dorsal/volar tilt (0.78–0.96), wrist flexion/exten-
sion (0.84–1.00), and ulnar/radial deviation (0.62–0.99) was 
excellent. Intra-articular gap (0.34–0.72) and step (0.07–0.90) 
intra-observer CCCs had a wide range. 

Inter- and intra-observer TDIs are given in Table 2. Inter-
observer TDIs had a wider range compared with intra-observer 
values. 

The trellis plots to illustrate repeatability and agreement are 
shown in Figure 2 (see Appendix). The casting angle (wrist 
flexion/extension and radial/ulnar deviation) had the greatest 
repeatability and agreement in an intra- and inter-observer 
setting. Additionally, radial inclination, radial shortening, and 
dorsal/volar tilt had good repeatability and agreement. Repeat-

Table 1. Characteristics of the study population at the time of frac-
ture (N = 50). Values are mean (SD) and [range] unless otherwise 
specified

Age	 76 (3.7)	 [68–86]
Height (cm)	 158 (5.0)	 [143–170]
Weight (kg)	 63 (11)	 [45–86]
BMI	 25.2 (4.1)	 [18.7–32.8]
Number of chronic diseases	 5.5 (3.1)	 [0–18]
Fracture characteristics		
 Radial inclination (°)	 18.9 (6.1)	 [4.3–45.5]
 Radial shortening (mm)	 2.2 (2.1)	 [0.0–9.9]
 Intra-articular gap (mm)	 0.31 (0.78)	 [0.0–5.2]
 Intra-articular step (mm)	 0.08 (0.33)	 [0.0–2.4]
 Tilt (dorsal/volar) (°)	 4.9 (9.2)	 [–29.6 to 29.7]
 Sagittal shift (mm)	 1.6 (1.7)	 [0.0–8.6]
Casting angle
 wrist flexion/extension (°)	 14.7 (14)	 [–22.2 to 84.4]
 wrist deviation (°)	 8.1 (8.3)	 [–15.7 to 32.2]
Self-reported diseases (%)
 Hypertension	 42
 Ischemic heart disease	 32
 Other heart disease	 14 
 Stroke	 10
 High cholesterol	 22
 Diabetes	 10
 Hypothyreosis	 22
 Asthma	 10
 Alzheimer’s disease	 8
 Cancer	 8
 Back pain	 16
 Osteoporosis	 14
 Osteoarthrosis (hip or knee)	 46	
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ability and agreement of sagittal shift and intra-articular gap 
and step were poor. 

Kappa values for intra- and inter-observer agreement on 
radiographically acceptable reduction of the DRF are given 
in Table 4. Limits of acceptable reduction were those defined 
by the FCCG. Overall agreement concerning acceptable 
reduction between 5 raters was 0.59. The highest agreement 
between 2 raters was 0.71. The highest intra-rater agreement 
was 0.84. The mean overall intra- and inter-observer kappa 
for each measurement parameter was for radial inclination 
0.77 (CI 0.67–0.86), for radial shortening 0.69 (0.59–0.78), 
for intra-articular gap 0.23 (0.13–0.33), for intra-articular step 
0.22 (0.12–0.32), and for dorsal/volar tilt 0.60 (0.50–0.69).

The overall intra- and inter-observer disagreement between 
operative vs. nonoperative (i.e., acceptable vs. non-accept-
able) treatment criteria was 12.8% (intra) and 20% (inter). 
The intra-observer disagreement ranged from 3.6–12.8% and 
inter-observer disagreement 6–20% for individual measure-
ment criteria (i.e., radial shortening, radial inclination, intra-
articular gap, intra-articular step,8ui and dorsal/volar tilt). 

Discussion

The aim of our study was to investigate the inter- and intra-
observer agreement of the radiographic measurements of dis-
location and casting position of DRF. We showed that intra- 
and inter-observer correlations were high for radial inclina-
tion, dorsal/volar tilt, radial shortening, and casting angle of 

the wrist in the splint. Even though the correlations for these 
measurements were high, TDIs had quite a wide range. Intra-
articular gap and step showed poor correlations. Inter-rater 
agreement was moderate when all 5 dislocation measurements 
defined by FCCG were taken into account. 

Most distal radius fractures can be treated nonoperatively 
but the measurements of dislocation should be reliable and 
repeatable in order to allow for analogical treatment decisions 
between clinicians [16]. The choice of treatment is based on 
the patient’s age, functional status, and guidelines for accept-
able radiographic parameters of the distal radius fracture after 
reduction. In 2009, the American Academy of Orthopedic Sur-
geons recommended surgical treatment if there is a gap or step 
> 2 mm, volar tilt > 10°, or radial shortening > 3 mm after 
reduction [7], which are widely used internationally [17]. In 
Finland, however, national criteria for acceptable DRF reduc-
tion have been adopted, and we decided to use these national 
criteria: dorsal tilt ≤ 15°, radial shortening ≤ 3 mm, intra-artic-
ular step ≤ 1 mm, intra-articular gap ≤ 1 mm, radial inclination 
≥ 15°) [3]. Accordingly, our results must be interpreted in the 
light of FCCG criteria.

Kreder et al. [12] defined 8 standardized measurements 
of distal radius fracture. To determine inter-observer agree-
ment, a total of 16 individuals measured these parameters on 
6 radiographs of healed distal radius fractures. Thomason and 
Smith [13] replicated the study by Kreder et al. Stirling et al. 
[10] had 2 observers and a large sample of 367 radiographs 
of acute distal radius fractures for inter-observer analysis, but 
they had a sample of only 37 radiographs for intra-observer 

Table 3. Average and range of all 5 reviewers’ intra- and inter-observer concordance correlation coef-
ficients (CCCs) and total deviance indices (TDIs) for each parameter. Values are mean (range)

	 CCC	 TDI
Parameter	 intra-observer	 inter-observer	 intra-observer	 inter-observer

Radial inclination (°)	 0.88 (0.74–0.96)	 0.82 (0.74–0.91)	 4.5   (2.7–7.2)	 5.7   (3.7 –7.2)
Radial shortening (mm)	 0.92 (0.88–0.96)	 0.82 (0.78–0.87)	 1.2   (0.84–1.6)	 1.9   (1.6–2.1)
Intra-articular gap (mm)	 0.51 (0.34–0.72)	 0.21 (0.10–0.35)	 1.2   (0.61–2.0)	 1.7   (1.1–2.3)
Intra-articular step (mm)	 0.38 (0.07–0.90)	 0.05 (0.02–0.09)	 0.58 (0.17–0.98)	 0.82 (0.59–1.0)
Dorsal/volar tilt (°)	 0.85 (0.78–0.96)	 0.76 (0.65–0.85)	 7.8   (3.9–11)	 10      (7.5–13)
Sagittal shift (mm)	 0.69 (0.54–0.79)	 0.37 (0.26–0.48)	 2.3   (1.6–3.0)	 3.4   (2.6–4.4)
Casting angle
 wrist flexion/extension (°)	 0.92 (0.84–1.00)	 0.89 (0.80–0.98)	 8.1   (2.2–14)	 10      (5.0–15)
 deviation (°)	 0.86 (0.62–0.99)	 0.78 (0.65–0.92)	 6.5   (1.8–14)	 8.6   (5.0–12)

Table 4. All 5 reviewers’ intra- and inter-rater Kappa values for acceptable reduction according to the 
FCCG for all 5 dislocation measurements. Values are mean (95% CI)

Reviewer	 RV1	 RV2	 RV3	 RV4	 RV5

RV1	 0.84 (0.69–0.99)	 0.64 (0.43–0.85)	 0.53 (0.30–0.76)	 0.42 (0.18–0.67)	 0.68 (0.48–0.89)
RV2	 0.64 (0.43–0.85)	 0.64 (0.410.85)	 0.71 (0.51–0.91)	 0.49 (0.24–0.74)	 0.63 (0.42–0.85)
RV3	 0.53 (0.30–0.76)	 0.71 (0.51–0.91)	 0.75 (0.56–0.94)	 0.57 (0.31–0.82)	 0.63 (0.45–0.88)
RV4	 0.42 (0.18–0.67)	 0.49 (0.24–0.74)	 0.57 (0.31–0.82)	 0.55 (0.28–0.81)	 0.52 (0.27–0.77)
RV5	 0.68 (0.48–0.89)	 0.63 (0.42–0.85)	 0.63 (0.45–0.88)	 0.52 (0.27–0.77)	 0.84 (0.68–0.99)
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analysis. Watson et al. [11] had 5 observers and a sample of 
30 radiographs. We used 50 radiographs taken after reduction 
and casting to evaluate reliability of measurements in a clini-
cal setting. Accordingly our study has the largest sample size 
studying the intra-observer repeatability of DRF radiological 
measurements, increasing the clinical value of the results. We 
also studied the repeatability of casting position measurement 
for the first time. The casting position may be used in further 
studies investigating the optimal casting angle in conservative 
treatment of DRFs. 

We found strong correlation in intra- and inter-observer 
measurements of radial inclination, dorsal/volar tilt, and radial 
shortening. The results are similar to those reported in previous 
studies [10-13]. These studies analyzed ulnar variance instead 
of radial shortening. Intra- and inter-observer correlations of 
ulnar variance were lower compared with the radial shorten-
ing correlations of our study. The results of our study suggest 
that radial inclination, dorsal/volar tilt, and radial shortening 
are reliable and repeatable enough to be used as displace-
ment thresholds for surgical intervention. However, quite 
widespread error margins should be taken into account when 
making decisions based on thresholds. Experienced observ-
ers did not have higher correlations compared with unexperi-
enced medical students. This suggests that trained clinicians 
with limited experience can use these measurements reliably 
when making treatment decisions. 

Intra-articular gap and step had poor intra- and inter-
observer correlations in our study, which has also been shown 
previously [10-13]. This inconsistency may be due to the low 
number of intra-articular fractures in the study population and 
the narrow range of parameters (step 0–2.4 mm, gap 0–5.4 
mm). There was also disagreement between raters concern-
ing whether there was any intra-articular component or not. 
These results suggest that although intra-articular gap and step 
have been shown to be associated with poorer functional and 
radiological outcome, measurements of intra-articular gap and 
step from radiographs are not reliable enough to be used as 
thresholds for guiding treatment choices. Sagittal shift had 
slightly more reliable correlations but the clinical impact of 
this parameter on functional outcome is unclear. 

Based on the Kappa values our research shows that when all 
5 measurements used in FCCG were taken into account, intra-
rater agreement was excellent and inter-rater agreement for all 
5 reviewers was good. This confirms that treatment decisions 
based on FCCG measurements are reliably reproducible.

If reduction of the distal radius fracture is acceptable, the 
standard treatment is immobilization in a cast. The optimal 
immobilization position is still controversial [9]. In review-
ing the literature, studies assessing reliability or agreement of 
casting angle measurements in radiography were not found. 
In our study, intra- and inter-observer correlations of casting 
angle parameters were excellent. 

There are some limitations to this study. The measurements 
were performed in a set-up similar to clinical work. Thus, 

human error or individual measurement accuracy differences 
are possible, but on the other hand the results are comparable 
in clinical practice. In Finland there is a standard protocol for 
radiography of the wrist. In this study, radiographs were taken 
in different hospitals, and hence there might have been some 
variation in the viewing angles. The average age of the study 
population was 76 years, and therefore arthrosis and earlier 
wrist injuries might have had an influence on the ability to 
recognize and measure intra-articular step or gap. There were 
females only in the study population, as the cohort was origi-
nally aimed to study postmenopausal osteoporosis and thus 
included only postmenopausal females. This might have had 
an influence on fracture type and quality of the bone. Nev-
ertheless, sex impact on the repeatability of measurement, 
which was the aim of our study, may be considered low. In 
FCCG, surgical treatment is not recommended for patients 
over 65 years age, therefore our study population differs from 
the population in which FCCG recommendations for surgical 
treatment are used. 

According to our study, gap and step had poor intra- and 
inter-observer correlations and therefore a computer tomogra-
phy (CT) scan may be necessary in evaluating intra-articular 
incongruence. In Finland the majority of DRFs (over 80%) 
are treated in general healthcare, where they do not have the 
possibility to perform CT scans unless the patient is referred to 
special healthcare. Therefore, to achieve results that are com-
parable in clinical practice, our study is based on radiographs. 

Conclusion 
Intra- and inter-observer repeatability of radial inclination, 
radial shortening, and dorsal/volar tilt of casting position were 
high. Furthermore, measurements of casting angle had strong 
intra- and inter-observer correlations. Reliable measurements 
of casting angle will be useful in future research into the influ-
ence of casting angle on successful nonoperative treatment.  
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Appendix

Table 2. All 5 reviewers’ intra- and inter-observer concordance cor-
relation coefficients (CCCs) for (a) radial inclination, (b) radial short-
ening, (c) intra-articular gap, (d) intra-articular step, (e) dorsal/volar 
tilt, (f) sagittal shift, (g) casting angle: wrist flexion/extension, and 
(h) casting angle: wrist radial/ulnar deviation. Diagonal parameters 
show intra-observer CCCs

CCCs for 	 RV1	 RV2	 RV3	 RV4	 RV5

Radial inclination
 RV1		  0.96	 0.84	 0.83	 0.80	 0.91
 RV2		  0.84	 0.89	 0.81	 0.74	 0.84
 RV3		  0.83	 0.81	 0.87	 0.73	 0.83
 RV4		  0.80	 0.74	 0.73	 0.74	 0.82
 RV5		  0.91	 0.83	 0.83	 0.82	 0.95
Radial shortening
 RV1		  0.96	 0.78	 0.80	 0.78	 0.87 
 RV2		  0.78	 0.93	 0.84	 0.85	 0.81
 RV3		  0.80	 0.84	 0.88	 0.84	 0.82
 RV4		  0.78	 0.85	 0.84	 0.90	 0.81
 RV5		  0.87	 0.81	 0.82	 0.81	 0.95
Intra-articular gap
 RV1		  0.72	 0.31	 0.35	 0.34	 0.12
 RV2		  0.31	 0.67	 0.24	 0.23	 0.11
 RV3		  0.35	 0.24	 0.47	 0.23	 0.11
 RV4		  0.34	 0.23	 0.23	 0.36	 0.10
 RV5		  0.12	 0.11	 0.11	 0.10	 0.34
Intra-articular step
 RV1		  0.83	 0.04	 0.05	 0.09	 0.07
 RV2		  0.04	 0.90	 0.03	 0.04	 0.03
 RV3		  0.05	 0.03	 0.04	 0.04	 0.04
 RV4		  0.09	 0.04	 0.04	 0.07	 0.05
 RV5		  0.07	 0.03	 0.04	 0.05	 0.07
Dorsal/volar tilt
 RV1		  0.87	 0.84	 0.82	 0.66	 0.79
 RV2		  0.84	 0.96	 0.85	 0.68	 0.83
 RV3		  0.82	 0.85	 0.84	 0.67	 0.80
 RV4		  0.66	 0.68	 0.67	 0.78	 0.65
 RV5		  0.79	 0.83	 0.80	 0.65	 0.65
Sagittal shift
 RV1 		  0.70	 0.48	 0.46	 0.38	 0.29
 RV2 		  0.48	 0.79	 0.50	 0.40	 0.31
 RV3 		  0.46	 0.50	 0.76	 0.38	 0.30
 RV4 		  0.38	 0.40	 0.38	 0.54	 0.26
 RV5 		  0.29	 0.31	 0.30	 0.26	 0.68
Casting angle: wrist flexion/extension
 RV1		  0.96	 0.98	 0.86	 0.89	 0.96
 RV2		  0.98	 0.99	 0.86	 0.89	 0.96
 RV3		  0.86	 0.86	 0.85	 0.80	 0.85
 RV4		  0.89	 0.89	 0.80	 0.84	 0.87
 RV5		  0.96	 0.96	 0.85	 0.87	 0.95
Casting angle: wrist radial/ulnar deviation
 RV1		  0.99	 0.87	 0.83	 0.66	 0.89
 RV2		  0.87	 0.91	 0.66	 0.83	 0.92
 RV3		  0.83	 0.66	 0.81	 0.65	 0.86
 RV4		  0.66	 0.83	 0.65	 0.62	 0.68
 RV5		  0.89	 0.92	 0.86	 0.68	 0.97

  

  a

  

  b
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Figure 2. Both measurements of all 5 reviewers presented as trellis plots for (a) radial inclination, (b) radial shortening, (c) intra-articular gap, (d) 
intra-articular step, (e) dorsal/volar tilt, (f) sagittal shift, (g) casting angle: wrist flexion/extension, and (h) casting angle: wrist radial/ulnar deviation.
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