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Abstract

Purpose
To determine whether adding computed tomography (CT) to plain radiographs reduces uncertainty in
surgical decision-making for distal radius fractures and improves the reliability of four classification
systems.

Methods
Fifty acute displaced distal radius fractures were assessed by four orthopaedic surgeons, first with
radiographs alone and, after a four-week washout, with radiographs and CT. At each session, observers
classified fractures using the AO/OTA, Fernandez, Frykman and Universal systems and recorded a
treatment decision (operative, conservative or undecided); for undecided cases, they selected the factor
most likely to resolve their uncertainty. Agreement was assessed with kappa statistics, and changes
between sessions with clustered McNemar tests.

Results
Undecided responses decreased from 29.0% with radiographs alone to 3.5% with CT, and operative
decisions increased from 55.5% to 73.0% (both p < 0.001). Interobserver agreement on treatment
remained fair (Fleiss' κ, 0.303 vs. 0.294). Interobserver reliability of classification was slight to moderate
on radiographs (κ, 0.184–0.461) and did not improve with CT (κ, 0.169–0.386; differences, − 0.075 to + 
0.021), although CT changed the assigned category in 23.0–51.0% of assessments and reclassified one
third of apparently extra-articular fractures as articular. Radiological parameters were the leading cause
of indecision with radiographs alone (65.5%) but were not cited for any of the seven assessments that
remained undecided after CT.

Conclusion
CT did not make fracture classification more reproducible or bring surgeons to the same treatment
choice, but it substantially reduced individual decisional uncertainty. Once imaging uncertainty was
resolved, residual uncertainty related to patient factors rather than radiological findings.

Introduction
Distal radius fractures (DRFs) are among the most common fractures in orthopaedic practice. In a
nationwide register study of 23,394 adult fractures, surgical treatment rates ranged from 18% for extra-
articular to 48% for complete articular fractures, illustrating the link between fracture pattern and
treatment [1].
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Classification systems aim to describe fracture morphology, guide treatment, and standardise
communication and research. The most widely used systems for DRFs are the AO/OTA classification,
which distinguishes extra-articular, partial articular and complete articular types with further groups; the
mechanism-based Fernandez classification; the Frykman classification, which also accounts for distal
radioulnar joint involvement; and the Universal (Cooney) classification, based on displacement and
articular involvement [2, 3]. On plain radiographs, their interobserver reliability is generally fair to
moderate and declines as classification complexity increases [4–7].

CT is frequently obtained for displaced DRFs because radiographs may miss intra-articular involvement
[8, 9]. However, adding CT has not consistently improved the interobserver reliability of classification
[10–12], suggesting that limited reproducibility lies in the classification systems rather than in the
imaging modality. Most of these studies measured agreement on fracture categories. Cone-beam CT
has been shown to change the suggested treatment [13], but whether CT helps the surgeon commit to a
treatment decision, which is the purpose for which it is usually requested, has received little attention.

This study aimed to evaluate the effect of CT on uncertainty in surgical decision-making for DRFs, to
compare the inter- and intraobserver reliability of four classification systems with radiographs alone and
with CT, and to identify the factors underlying uncertainty that persists after CT. We hypothesised that CT
would reduce decisional uncertainty without significantly improving classification reliability, and that
uncertainty persisting after CT would relate to patient-specific rather than imaging factors.

Methods

Study design
This single-centre study used retrospectively collected imaging data, with observer assessments
performed according to a predefined protocol. The study was approved by the institutional clinical
research ethics committee and conducted in accordance with the Declaration of Helsinki. Informed
consent was waived because only anonymised images were analysed retrospectively.

Patients
The hospital archive was retrospectively screened for eligible patients. Patients were eligible if they were
aged 18 years or older and had an acute displaced DRF with anteroposterior and lateral radiographs and
CT obtained at initial presentation. Displacement was defined as intra-articular step-off > 2 mm, dorsal
angulation > 5° or radial shortening > 3 mm [14]. Pathological and open fractures, previous ipsilateral DRF
or wrist surgery, and concomitant carpal fractures were excluded. Eligibility was determined by an
orthopaedic surgeon not involved in the observer group, and 50 patients meeting these criteria were
included.
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Imaging
Standard anteroposterior and lateral wrist radiographs and CT examinations with 1-mm slice thickness
and axial, coronal and sagittal multiplanar reconstructions were retrieved from the picture archiving and
communication system and anonymised before evaluation.

Observers and assessment procedure
Four orthopaedic and traumatology specialists served as independent observers. Before the study, all
received a standardised briefing document with written definitions and representative images for each
classification system. Observers were blinded to demographic and clinical information so that
classification and treatment decisions reflected only the imaging available at each session,
independently of patient factors.

Two sessions were separated by a four-week washout period to minimise recall bias. At the first session
(T0), all 50 cases were presented in the same order with radiographs only. At the second session (T4),
radiographs and CT were presented in a separate computer-generated random order for each observer
to minimise order effects. At both sessions, each observer independently recorded the AO/OTA
classification at group level (A2–C3, from which type level was derived), the Fernandez (types 1–5),
Frykman (types 1–8) and Universal (types 1–4) classifications, and a treatment decision: operative,
conservative or undecided. For undecided cases, observers selected the factor most likely to resolve
their uncertainty: (A) patient age, general condition or comorbidities; (B) radiological parameters; or (C)
functional demands and expectations. These categories reflect the principal determinants of treatment
choice in DRFs [15, 16]. Results are reported for observer-case assessments (four observers × 50 cases 
= 200 per session) and, where stated, at case level.

Outcomes
The study had two predefined outcome domains. Decision-related outcomes were the distribution of
treatment decisions, the proportion of undecided responses, interobserver agreement on treatment, and
the factors cited for indecision. Classification-related outcomes were interobserver reliability at T0 and
T4, intraobserver agreement between sessions, and changes in the assigned category after CT.

Statistical analysis
Because each case was rated by four observers, observer-case assessments are clustered within cases.
Pooled comparisons of paired binary outcomes between T0 and T4 (undecided, operative and
conservative responses) therefore used the clustered McNemar test with cases as clusters [17]; for
individual observers, the exact McNemar test was used. Factors cited for indecision were reported
descriptively because of the small number of undecided assessments at T4.
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Interobserver agreement on treatment and on each classification system was assessed with Fleiss'
kappa with asymptotic 95% confidence intervals (CIs), and intraobserver agreement between T0 and T4
with Cohen's kappa, with 95% CIs calculated from the asymptotic standard error. Unweighted kappa was
used throughout because the categories of several systems, such as the mechanism-based Fernandez
classification, are not ordered. Because both sessions involved the same cases and observers, the T0
and T4 kappa values are not independent; they were therefore compared descriptively, on the basis of
the size of the difference and the overlap of their CIs, rather than with tests that assume independent
samples. Kappa values were interpreted according to Landis and Koch (≤ 0.20 slight, 0.21–0.40 fair,
0.41–0.60 moderate, 0.61–0.80 substantial, > 0.80 almost perfect), and complete agreement was
defined as identical ratings by all four observers.

Changes in the assigned category between T0 and T4 were reported as proportions of observer-case
assessments. For systems with ordered categories (AO/OTA, Universal and Frykman), the balance
between upgrades and downgrades was compared with the clustered McNemar test; direction was not
assessed for the mechanism-based Fernandez classification. The sample of 50 cases and four
observers is comparable to previous reliability studies of similar design [6, 10]. All analyses were
performed with SPSS version 27.0 (IBM Corp., Armonk, NY, USA), and statistical significance was set at
p < 0.05.

Results
All classification and decision fields were complete for all 400 observer-case assessments.

Surgical decision-making
The proportion of undecided responses decreased from 29.0% at T0 to 3.5% at T4 (p < 0.001), with a
significant reduction in three of the four observers; the reduction for Observer 2 was not significant (p = 
0.063) (Table 1). No decided assessment became undecided after CT. Of the 51 undecided assessments
resolved by CT, 30 became operative and 21 conservative, and 21 of the 142 assessments decided at T0
(14.8%) changed between operative and conservative. Overall, operative decisions increased from 55.5%
to 73.0% (p < 0.001) and conservative decisions from 15.5% to 23.5% (p = 0.003). Complete agreement
among the four observers on treatment increased from 34.0% to 52.0% of cases, whereas chance-
corrected interobserver agreement remained fair (κ = 0.303 vs. 0.294).
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Table 1
Treatment decisions with radiographs alone (T0) and radiographs plus computed tomography (T4)

  T0 T4 χ² p

Treatment decision, all observer-case assessments (n = 200), n (%)

Operativea 111 (55.5) 146 (73.0) 20.08 < 
0.001

Conservativea 31 (15.5) 47 (23.5) 8.53 0.003

Undecideda 58 (29.0) 7 (3.5) 26.81 < 
0.001

Undecided responses by observer (n = 50 each), n

Observer 1b 14 0   < 
0.001

Observer 2b 10 5   0.063

Observer 3b 12 2   0.002

Observer 4b 22 0   < 
0.001

Factor most likely to resolve uncertainty, n (% of undecided)

Radiological parameters 38 (65.5) 0 (0)    

Age, general condition or comorbidities 17 (29.3) 5 (71.4)    

Functional demands and expectations 3 (5.2) 2 (28.6)    

Interobserver agreement on treatment

Fleiss' κ (95% CI)c 0.303 (0.219–
0.388)

0.294 (0.193–
0.394)

   

Complete agreement among four
observers, % of cases

34.0 52.0    

aClustered McNemar test with cases as clusters.

bExact McNemar test. No assessment changed from decided at T0 to undecided at T4.

cAsymptotic 95% confidence interval.

CI, confidence interval; T0, radiograph-only assessment; T4, radiograph-plus-computed-tomography
assessment

Among the 58 undecided assessments at T0, radiological parameters were cited as the factor most
likely to resolve uncertainty in 65.5%, patient age, general condition or comorbidities in 29.3%, and
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functional demands in 5.2%. Of the seven assessments still undecided at T4, five (71.4%) cited age,
general condition or comorbidities and two (28.6%) functional demands; none cited radiological
parameters.

Classification reliability
Interobserver reliability with radiographs alone ranged from slight for the AO/OTA group level to
moderate for the Universal classification (Fig. 1). Adding CT did not materially change kappa values:
differences between sessions ranged from − 0.075 for the Universal to + 0.021 for the Frykman
classification, and the CIs overlapped for all systems. Complete agreement was highest for the Universal
classification (48.0% at T0 and 46.0% at T4) and lowest for the AO/OTA group level (8.0% and 10.0%)
and Frykman classification (6.0% and 12.0%).

Intraobserver agreement between T0 and T4 ranged from slight to substantial (κ, 0.128–0.725) and
varied between observers (Table 2). Agreement was moderate to substantial for Observers 2 and 4, fair
to moderate for Observer 3 and slight to moderate for Observer 1.

Table 2
Intraobserver agreement between radiograph-only (T0) and radiograph-plus-computed-tomography (T4)

assessments, by classification system and observer
Classification Observer 1 Observer 2 Observer 3 Observer 4

AO/OTA type 0.407 (0.20–
0.61)

0.725 (0.54–
0.91)

0.548 (0.34–
0.76)

0.635 (0.45–
0.82)

AO/OTA group 0.298 (0.15–
0.45)

0.560 (0.39–
0.73)

0.275 (0.12–
0.43)

0.406 (0.25–
0.56)

Universal 0.246 (0.05–
0.44)

0.590 (0.38–
0.80)

0.388 (0.19–
0.58)

0.661 (0.48–
0.84)

Fernandez 0.172 (0.02–
0.32)

0.504 (0.35–
0.66)

0.302 (0.11–
0.49)

0.467 (0.29–
0.65)

Frykman 0.128 (0.02–
0.24)

0.575 (0.42–
0.73)

0.319 (0.16–
0.48)

0.521 (0.36–
0.68)

Values are unweighted Cohen's κ with 95% confidence intervals (κ ± 1.96 × asymptotic standard
error). Interpretation according to Landis and Koch: ≤0.20 slight, 0.21–0.40 fair, 0.41–0.60 moderate,
0.61–0.80 substantial, > 0.80 almost perfect. All values were statistically significant (p < 0.05).

AO/OTA, AO Foundation/Orthopaedic Trauma Association

Changes in fracture classification
CT changed the assigned category in 23.0% (AO/OTA type) to 51.0% (Frykman) of assessments
(Table 3). Upgrades significantly outnumbered downgrades for the AO/OTA type and group and the
Frykman classification, but not for the Universal classification (p = 0.081). At case level, at least one
observer upgraded the AO/OTA type in 22 of 50 cases, whereas no case was upgraded by all four
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observers. Of the 71 assessments classified as extra-articular (AO/OTA type A) on radiographs, 23
(32.4%) were reclassified as articular after CT. With the Universal classification, 26 of 77 (33.8%) extra-
articular assessments were reclassified as articular and 11 of 16 (68.8%) nondisplaced articular
assessments as displaced.

Table 3
Change in fracture classification after the addition of computed tomography, by observer-case

assessment (n = 200)
Classification Upgrade (T4 > 

T0), n (%)
Downgrade (T4 < 
T0), n (%)

Any change,
n (%)

χ²a p

AO/OTA type (A–C) 35 (17.5) 11 (5.5) 46 (23.0) 7.38 0.007

AO/OTA group
(A2–C3)

74 (37.0) 26 (13.0) 100 (50.0) 12.52 < 
0.001

Universal (1–4) 37 (18.5) 21 (10.5) 58 (29.0) 3.05 0.081

Fernandez (1–5)b – – 91 (45.5) – –

Frykman (1–8) 75 (37.5) 27 (13.5) 102 (51.0) 14.40 < 
0.001

aClustered McNemar test comparing upgrades with downgrades, with cases as clusters (50 cases,
four observers each).

bDirection not assessed because Fernandez types are mechanism-based and unordered.

AO/OTA, AO Foundation/Orthopaedic Trauma Association; T0, radiograph-only assessment; T4,
radiograph-plus-computed-tomography assessment

Discussion
The main finding of this study is that adding CT to radiographs reduced the proportion of DRFs for which
surgeons could not reach a treatment decision from 29.0% to 3.5%, yet did not bring surgeons closer to
the same decision. CT also did not improve the interobserver reliability of any of the four classification
systems, although it changed the assigned category in up to half of assessments. When uncertainty
persisted after CT, observers attributed it to patient-related rather than radiological factors.

Classification alone is an insufficient guide to treatment in DRFs [15]. The dissociation between
individual certainty and interobserver agreement observed here has parallels in previous work. When
surgeons were given numerical radiographic measurements instead of radiographs, agreement on
treatment decreased, leading the authors to conclude that surgeons disagree about the indication for
surgery rather than about the interpretation of the image [18]. Computer-generated measurements
improved agreement only among senior surgeons [19], and post-reduction radiographs did not improve
agreement, treatment choice varying with surgeon-related factors [20]. Eriksson et al. reported that cone-
beam CT changed the suggested treatment in 38% of observations, in both directions [13]. In the present
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study, 14.8% of decided assessments changed after CT, and the main effect was the resolution of
indecision; because CT was added to rather than substituted for radiographs and observers could record
indecision, its effect on decisional certainty could be quantified directly. Raw agreement on treatment
increased after CT because decisions converged towards operative treatment, but chance-corrected
agreement did not change. The significant increase in operative decisions suggests that CT, by revealing
articular involvement, shifts treatment towards surgery; whether this improves outcomes warrants
prospective evaluation.

The factors cited for indecision also shifted after CT. With radiographs alone, uncertainty was mainly
radiological; after CT, the few remaining undecided assessments cited age, general condition or
functional demands. Observers were deliberately blinded to patient characteristics so that decisions
would reflect imaging alone. Once imaging uncertainty had been resolved, the remaining uncertainty
therefore concerned patient factors, indicating that these, rather than further imaging, determine
treatment in residual uncertain cases. This is consistent with the literature: there is no agreed definition
of instability in DRFs [21], radiographic alignment predicts patient-reported outcome only modestly and
mainly in younger patients [22], and age and bone quality predict secondary displacement [16]. These
findings support decision-making that integrates fracture morphology with age, bone quality and
functional demand [15].

No DRF classification system has achieved more than moderate interobserver agreement on plain
radiographs, and the present kappa values are in keeping with previous studies [6, 7, 10]. Agreement at
the AO/OTA type level was more than twice that at group level, a pattern also reported for AO/OTA
subgroups [4, 5]; simpler levels are more reproducible but carry less morphological detail for surgical
planning. Higher agreement has been reported with two observers and a joint calibration session [23];
the use of four observers and a written briefing alone may partly explain the lower values here.
Consistent with previous reports, CT did not improve reliability [10, 11], and agreement remains fair even
when CT is the primary modality [12]. Eriksson et al., in contrast, found that agreement on the AO
classification improved from fair to moderate with cone-beam CT, particularly for dorsally comminuted
fractures [13]; the higher resolution of cone-beam CT and its assessment independently of radiographs
may explain this difference. Overall, the limitation appears to lie in overlapping category definitions rather
than in image quality [3].

Radiographs underestimate articular involvement: sigmoid notch involvement is frequently missed, and
CT reveals malalignment in fractures that appear adequately reduced on radiographs [8, 9]. Accordingly,
CT changed the assigned category in a quarter to half of assessments, with upgrades predominating, as
previously reported [10, 13]. One third of fractures that appeared extra-articular on radiographs were
reclassified as articular after CT, and two thirds of apparently nondisplaced articular fractures as
displaced, suggesting that CT is informative both when radiographs suggest a simple pattern and when
they underestimate articular displacement. Intraobserver agreement between sessions reflected both
observer consistency and the effect of CT; the observer with the lowest agreement also reclassified
most often after CT, indicating that the contribution of CT varies between observers. Observer-dependent
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variation has also been reported for radiographic measurements and can lead to different treatment
decisions [24, 25].

Clinically, these findings suggest that CT is most useful when the surgeon remains undecided on
radiographs, particularly when radiographs suggest an extra-articular or nondisplaced articular fracture.
CT should not, however, be expected to standardise treatment between surgeons; this would require
agreed indications that incorporate patient factors.

This study has limitations. First, observers were blinded to clinical information by design, so decisions
represent imaging-based assessments rather than complete clinical decisions. Second, the observers
worked at the same institution and had comparable experience, which may limit generalisability. Third,
the intraobserver analysis compared different imaging conditions and therefore does not represent test-
retest reliability. Finally, there was no reference standard such as intraoperative findings, and the small
number of undecided assessments at T4 precluded formal comparison of determining factors.

Conclusion
Adding CT to plain radiographs does not improve the reproducibility of DRF classification or
interobserver agreement on treatment, but substantially reduces individual uncertainty in surgical
decision-making. Uncertainty persisting after CT relates to patient-specific rather than radiological
factors. CT is therefore better regarded as a tool for clarifying the individual surgeon's decision than for
achieving consensus between surgeons.
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Figure 1

Interobserver agreement (Fleiss' κ with asymptotic 95% confidence intervals) for the four classification
systems and for the treatment decision with radiographs alone (T0, filled circles and solid lines) and
radiographs plus computed tomography (T4, open squares and dashed lines). Shaded bands indicate the
Landis and Koch categories. Δκ, difference between T4 and T0; CT, computed tomography

Page 13/13


