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Aims
To investigate if preoperative CT improves detection of unstable trochanteric hip fractures.

Methods
A single-centre prospective study was conducted. Patients aged 65 years or older with
trochanteric hip fractures admitted to Stavanger University Hospital (Stavanger, Norway)
were consecutively included from September 2020 to January 2022. Radiographs and CT
images of the fractures were obtained, and surgeons made individual assessments of the
fractures based on these. The assessment was conducted according to a systematic protocol
including three classification systems (AO/Orthopaedic Trauma Association (OTA), Evans
Jensen (EVJ), and Nakano) and questions addressing specific fracture patterns. An expert
group provided a gold-standard assessment based on the CT images. Sensitivities and
specificities of surgeons’ assessments were estimated and compared in regression models
with correlations for the same patients. Intra- and inter-rater reliability were presented as
Cohen’s kappa and Gwet’s agreement coefficient (AC1).

Results
We included 120 fractures in 119 patients. Compared to radiographs, CT increased the
sensitivity of detecting unstable trochanteric fractures from 63% to 70% (p = 0.028) and from
70% to 76% (p = 0.004) using AO/OTA and EVJ, respectively. Compared to radiographs alone,
CT increased the sensitivity of detecting a large posterolateral trochanter major fragment or
a comminuted trochanter major fragment from 63% to 76% (p = 0.002) and from 38% to
55% (p < 0.001), respectively. CT improved intra-rater reliability for stability assessment using
EVJ (AC1 0.68 to 0.78; p = 0.049) and for detecting a large posterolateral trochanter major
fragment (AC1 0.42 to 0.57; p = 0.031).

Conclusion
A preoperative CT of trochanteric fractures increased detection of unstable fractures
using the AO/OTA and EVJ classification systems. Compared to radiographs, CT improved
intra-rater reliability when assessing fracture stability and detecting large posterolateral
trochanter major fragments.

Take home message
• Patients suffering from a trochanteric hip

fracture may benefit from a preoperative
CT.

• Preoperative CT increases the orthopae-
dic surgeon’s ability to detect unstable
trochanteric hip fractures.

TRAUMA @BoneJointOpen

Preoperative CT improves the assessment of stability in trochanteric hip fractures
T. A. Woldeyesus, J-E. Gjertsen, I. Dalen, et al.

524

From Stavanger University
Hospital, Stavanger, Norway

Correspondence should be
sent to T. A. Woldeyesus
thomas.abel.woldeyesus@sus.
no

Cite this article:
Bone Jt Open 2024;5(6):
524–531.

DOI: 10.1302/2633-1462.
56.BJO-2023-0177.R1

mailto: thomas.abel.woldeyesus@sus.no
mailto: thomas.abel.woldeyesus@sus.no
mailto: thomas.abel.woldeyesus@sus.no


Introduction
Radiographs are the gold standard in diagnostics and
preoperative planning of hip fractures. Most classification
systems for fractures are based on radiographs, enabling
orthopaedic surgeons to categorize the fracture as stable
or unstable, and to choose the appropriate treatment.1 The
current recommendations are to treat stable trochanteric
fractures with sliding hip screws and unstable or subtro-
chanteric fractures with intramedullary nails.2,3 There is little
evidence to suggest that one surgical method is superior to
the other with regard to the treatment outcome of trochan-
teric fractures.4,5 However, a recently published study suggests
that the use of intramedullary nails reduces reoperation
rates compared with sliding hip screws in the treatment
of unstable trochanteric fractures.6 Accordingly, identifying
unstable fracture patterns is important to optimize treatment
and to reduce risk of reoperation.

The introduction of CT in fracture diagnostics has given
orthopaedic surgeons the opportunity to use 3D reconstruc-
tion in preoperative planning. CT may provide a different
understanding of these fractures and possibly change the
interpretation of the stability. Misdiagnosing an unstable
fracture as stable may increase complications related to the
preferred treatment choice of sliding hip screws for stable
fractures.6

The most-used classification system for hip fractures
is the AO/Orthopaedic Trauma Association (AO/OTA) classifi-
cation. However, the interobserver agreement of sub-classi-
fications of trochanteric hip fractures (AO31.A1.1-A3.3) has
been found to be low, in part explained by the difficulty of
discerning posterior trochanteric fragments on radiographs.7

The Evans Jensen classification system for trochanteric hip
fractures is commonly used, based on observations on
radiographs.1 A novel classification system, the modified
Nakano, has been developed based on 3D-CT.8 We aimed to
investigate if preoperative CT improves detection of unstable
trochanteric hip fractures.

Methods
This single-centre prospective study was approved by the
Regional Committee for Medical Research Ethics Western
Norway, REK West (ID 2019/470). Patients aged ≥ 65 years
with a trochanteric hip fracture verified on a radiograph were
eligible for inclusion and provided written informed con-
sent. Trochanteric hip fractures were defined by the AO/OTA
classification system (31A1-31A3).9

From 7 September 2020 to 22 January 2022,
we prospectively assessed the eligibility of patients with
trochanteric hip fractures admitted to Stavanger University
Hospital. The enrolment process is specified in Figure 1.
Patients were excluded if they lacked a preoperative CT.
Reasons for lacking a preoperative CT would either be due
to reduced CT capacity, or a short waiting time between
admission and surgery. Finally, a total of 120 cases were
enrolled in the study.

In total, 47 orthopaedic surgeons in our department
participated in the classification of their surgical cases.
Preoperatively, the surgeons who were to operate on the
patient individually assessed radiographs of the fracture
according to a systematic protocol (Supplementary Material).
Fractures were classified in accordance with three different

classification systems: AO/OTA,9 Modified Evans Jensen (EVJ),10

and Modified Nakano.8 Subsequently, the surgeons answered
questions addressing the presence of specific unstable
fracture patterns (Supplementary Material). The order of
questions was repeated when assessing CT (coronal, sagit-
tal, axial, and 3D reconstruction) of the same fracture. The
surgeons could not change their previous answers. After
three months, the surgeons reassessed the radiographs and
CT images according to the same protocol. The surgeons
were instructed to omit reviewing their surgical note before
reassessing the fractures at three months. The system used for
registration was incorporated into the local surgery planning
system, which sent an automatic reminder for the three-
month assessment registration. This system was well known
to all surgeons participating in the study.

An expert group consisting of two consultant
orthopaedic surgeons (JEG and AD) and one consultant
radiologist (MB) collectively assessed all fractures. They
followed the same systematic protocol as the surgeons
(Supplementary Material). Their assessments of the three
classification systems and specific fracture pattern observa-
tions on CT were defined as the gold standard. In cases
of disagreement within the expert group, radiographs and
CT images were re-evaluated and discussed until consensus
was reached. In contrast to the surgeons, the expert group
assessed the fractures postoperatively and did not reassess the
fractures after three months. The expert group did not read
or receive any information about the surgery before or during
their assessment.

Stable fractures were defined as AO/OTA 31A1.1 to
A2.1, EVJ 1 to 2, and Nakano 2-part, 3-part G(S), and G(B).8-10

Unstable fractures were defined as AO/OTA 31A2.2 to A3.3,
EVJ 3 to 5, and Nakano 3-part G-L, G(W), L, 4-part, and a
modification called 1b (Supplementary Material) illustrating an
intertrochanteric fracture line.8-10

Missing data were handled by including all available
cases for each individual analysis. Number of observations per
analysis is available in the tables.

Statistical analysis
Comparisons of classifications using CT images versus
radiographs were assessed in logistic regression models, with
CT classification as the dependent variable and radiograph
classification as the independent variable, from which we
obtained the predicted proportions of CT classifications given
the radiograph classification. Given that we had two observ-
ers per patient, we applied two-level models allowing for
clustering within patients.

Sensitivity and specificity were estimated separately
for evaluation of radiographs and CT images using two-level
logistic regression, allowing for clustering of data for the same
patient (two observers per patient), with observer classifica-
tion as the dependent variable and gold-standard classifica-
tion as the independent variable. Predicted probabilities of the
observer classifying a fracture as, for example, unstable given
gold-standard classification being unstable (sensitivity), and of
the observer classifying a fracture as stable given gold-stand-
ard classification being stable (specificity), were obtained and
presented with 95% confidence intervals (CIs). Differences
in sensitivities and specificities using radiographs versus CT
images were estimated in common models including data for
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both methods, with observer classification as the dependent
variable and gold-standard classification, modality, and the
interaction between gold standard and modality as independ-
ent variables. These models were three-level, allowing for
clustering of repeated assessments (one on radiographs and
one on CT) from each observer, as well as clustering of
observers within patients. The p-values for differences were
obtained from contrast tests.

Intra- and interobserver reliability for each modal-
ity was estimated using Cohen’s kappa coefficient (κ)
and Gwet’s agreement coefficient (AC1), the latter being
preferred over Cohen’s kappa in skew marginal distribu-
tion situations where Cohen’s kappa tends to be biased.11

CIs for interobserver reliability were bootstrapped percen-
tile intervals (B = 1,000). For intraobserver reliability, for
which we had data from two observers per patient, CIs
were bootstrapped percentile based on cluster bootstrap
(B = 1,000), with patients as clusters. Similarly, p-values for
differences between agreement coefficients for radiograph
versus CT were obtained by bootstrapping differences (B =
10,000, cluster bootstrap for intraobserver agreement) from
the null distribution.12

We used Stata version 17 (StataSE 17.0; StataCorp, USA)
with functions melogit, margins, kappaetc, bootstrap with and
without option cluster, and estat bootstrap.13 The integration
method for melogit was mean-variance adaptive Gauss-Her-
mite quadrature (the default), however in case of convergence
issues for three-level models, other integration methods (plus
the option difficult) were explored. Any -values < 0.05 were
considered statistically significant. For intra- and interobserver
reliability, the level of agreement was defined as slight (0.01

to 0.20), fair (0.21 to 0.40), moderate (0.41 to 0.60), substantial
(0.61 to 0.80), and almost perfect (> 0.80).14

Results
Patient demographic data and surgeon experience
In total, 120 fractures in 119 patients were included. The mean
age of the patients was 83 years (SD 7.9). Overall, 82 (68%) of
the study participants were female. There were two operat-
ing surgeons present at 117 of the 120 operations, and one
surgeon at three operations. This resulted in 237 assessments
of the 120 fractures. Orthopaedic registrars performed 77
(32%) of the assessments, and orthopaedic consultants 160
(68%).

Assessment of stability based on CT images versus
radiographs
The operating surgeons assessed more fractures as being
stable based on radiographs compared with the expert group
using all three classification systems (Figures 2a and 2b). After
CT evaluation, the surgeons reassessed 21 (20%), 29 (37%),
and 16 (19%) of fractures as unstable using AO/OTA, EVJ, and
Modified Nakano classification systems, respectively (Figure
2a). Few fractures assessed by the surgeons and expert group
as unstable on radiograph were reassessed as stable after CT
evaluation (Figures 2c and 2d).

Sensitivities and specificities for CT images versus
radiographs
The surgeons’ ability to identify unstable trochanteric fractures
on CT images compared with radiographs alone increased
from 63% to 70% (p = 0.028) and from 70% to 76% (p

Fig. 1
Enrolment: flowchart of patients presenting with trochanteric hip fractures at Stavanger University Hospital, Stavanger, Norway.
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= 0.004) using AO/OTA and EVJ, respectively (Table I). No
statistically significant difference in ability to identify unstable
fractures was found for the Nakano classification. We did not
find significant differences in specificity for detecting stable
fractures for any of the classification systems using CT (Table I).

The surgeons’ ability to detect a large posterolateral
trochanter major fragment or a comminuted trochanter major
on a CT image increased from 63% to 76% (p = 0.002) and
from 38% to 55% (p < 0.001), respectively, compared with
using radiograph alone (Table II). No statistically significant
differences were found for the detection of intertrochanteric
fracture lines, thin lateral walls, or large trochanter minor

fragments, nor for the exclusion of non-existing conditions (i.e.
specificities).

Intra-rater reliability was moderate to substantial (Table
III), whereas inter-rater reliability was generally lower, in part
falling into the category “fair” (Table IV). The intra-rater
reliability for detection of instability on CT images compared
with radiographs increased when the fractures were classified
using EVJ (AC1 0.68 to 0.78; p = 0.049) and for detecting a large
posterolateral trochanter major fragment (AC1 0.42 to 0.57; p
= 0.031) (Table III).

There were no significant differences between
radiographs and CT images with regard to inter-rater
reliability for stability assessments, nor for detection of specific

Fig. 2
Chart presenting the assessment of trochanteric hip fracture stability using AO/Orthopaedic Trauma Association (OTA), Evans Jensen, and modified
Nakano classification. Stable fractures were defined as AO/OTA 31A1.1 – A2.1, Evans Jensen 1 to 2, and Nakano 2-part, 3-part G(S), and G(B). Unstable
fractures were defined as AO/OTA 31A2.2 – A3.3, Evans Jensen 3 to 5, and Nakano 3-part G-L, G(W), L, 4-part, and a modification called 1b illustrating
an intertrochanteric fracture line. a) The surgeons reassessed 20%, 37%, and 19% of fractures as unstable on CT using AO/OTA, Evans Jensens, and
Modified Nakano classification systems, respectively. b) The expert group reassessed 46%, 65%, and 19% of fractures as unstable on CT using AO/OTA,
Evans Jensens, and Modified Nakano classification systems, respectively. c) The surgeons reassessed 6%, 7%, and 3% of fractures as stable on CT using
AO/OTA, Evans Jensens, and Modified Nakano classification systems, respectively. d) The expert group reassessed 2%, 1%, and 4% of fractures as
stable on CT using AO/OTA, Evans Jensens, and Modified Nakano classification systems, respectively.

Table I. The surgeons’ classification of trochanteric fractures as unstable or stable using three classification systems on radiographs and CT images
compared to the gold standard defined by an expert group.

Classification system
Unstable
fractures*

Sensitivity (95% CI)
p-
value

Specificity (95% CI)
p-
valueRadiograph CT Stable fractures* Radiograph CT

AO/OTA 103 0.63 (0.55 to 0.71) 0.70 (0.62 to 0.77) 0.028 17 0.97 (0.90 to 1.00) 0.96 (0.89 to 1.00) > 0.999

Modified Evans Jensen 113 0.70 (0.63 to 0.76) 0.76 (0.71 to 0.82) 0.004 7 0.92 (0.74 to 1.00) 0.84 (0.59 to 1.00) 0.384

Modified Nakano 87 0.83 (0.77 to 0.90) 0.89 (0.84 to 0.94) 0.114 33 0.88 (0.78 to 0.98) 0.86 (0.76 to 0.95) 0.276

*Per gold standard, i.e. as evaluated by the expert group using the CT images.
AO/OTA, AO/Orthopaedic trauma Association; CI, confidence interval.
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fracture morphologies at the initial evaluation (Table IV).
At the three-month classification, the inter-rater reliability
for detection of instability on CT images compared with
radiographs increased for detecting a large posterolateral
trochanter major fragment (AC1 0.28 to 0.56; p = 0.005)
(Supplementary Table i).

Discussion
The operating surgeons classified more trochanteric fractures
as stable based on radiographs compared with the expert

group. CT significantly increased the surgeons’ ability to
correctly classify the trochanteric fractures as unstable using
both AO/OTA and Modified EVJ classification systems. Their
ability to correctly identify the presence of specific unstable
fracture patterns of a large posterolateral trochanter major
fragment or a comminuted trochanter major increased using
CT. Furthermore, CT increased the intraobserver reliability for
stability (EVJ classification) and for detecting a large post-
erolateral trochanter major fragment. For the comparison of
interobserver reliability between the two imaging methods,

Table II. Surgeons’ ability to detect specific fracture morphologies on radiographs and CT images compared to the gold standard defined by an
expert group.

Morphology Present*

Sensitivity (95% CI)

p-value Not present*

Specificity (95% CI)
p-
valueRadiograph CT Radiograph CT

Intertrochanteric fracture
line 30 0.81 (0.71 to 0.92) 0.85 (0.75 to 0.94) 0.566 90 0.77 (0.70 to 0.83) 0.74 (0.68 to 0.81) 0.532

Thin lateral wall 97 0.56 (0.48 to 0.63) 0.60 (0.53 to 0.68) 0.143 23 0.72 (0.58 to 0.86) 0.82 (0.69 to 0.94) 0.108

Large posterolateral
trochanter major fragment 72 0.63 (0.53 to 0.72) 0.76 (0.68 to 0.84) 0.002 48 0.70 (0.59 to 0.80) 0.65 (0.55 to 0.76) 0.381

Comminuted trochanter
major fracture 74 0.38 (0.29 to 0.46) 0.55 (0.46 to 0.64)

<
0.001 46 0.64 (0.53 to 0.75) 0.60 (0.49 to 0.71) 0.488

Large trochanter minor
fragment† 59 0.52 (0.42 to 0.62) 0.52 (0.42 to 0.62) > 0.999 61 0.97 (0.93 to 1.00) 0.97 (0.95 to 1.00) 0.508

*Per gold standard, i.e. as evaluated by the expert group using the CT images.
†Defined as a displaced or undisplaced large trochanter minor fragment extending proximal or distal of minor.
CI, confidence interval.

Table III. Intra-rater agreement comparing preoperative and three-month classifications for radiograph and CT.

Variable
Observed
agreement

Radiograph (n = 207)

AC1 (95% CI)
Observed
agreement

CT (n = 205) p-
valu
e AC1 (95% CI)

p-
valueκ (95% CI) κ (95% CI)

Stability

AO/OTA 75% 0.50 (0.35 to 0.62) 0.52 (0.39 to 0.64) 80% 0.58 (0.45 to 0.68)
0.22
4 0.62 (0.51 to 0.73) 0.108

Modified Evans Jensen 82% 0.60 (0.47 to 0.71) 0.68 (0.56 to 0.78) 86% 0.63 (0.50 to 0.74)
0.59
8 0.78 (0.70 to 0.86) 0.049

Modified Nakano 85% 0.67 (0.57 to 0.77) 0.72 (0.63 to 0.82) 84% 0.63 (0.50 to 0.75)
0.52
0 0.73 (0.63 to 0.82) 0.850

Morphologies

Intertrochanteric fracture
line 79% 0.55 (0.43 to 0.66) 0.61 (0.50 to 0.71) 84% 0.66 (0.55 to 0.76)

0.14
4 0.69 (0.59 to 0.78) 0.221

Thin lateral wall 81% 0.61 (0.50 to 0.72) 0.61 (0.50 to 0.73) 79% 0.57 (0.45 to 0.68)
0.23
6 0.57 (0.46 to 0.69) 0.286

Large posterolateral
trochanter major fragment 71% 0.42 (0.29 to 0.54) 0.42 (0.30 to 0.55) 77% 0.51 (0.39 to 0.63)

0.20
5 0.57 (0.45 to 0.68) 0.031

Comminuted trochanter
major fracture 76% 0.50 (0.39 to 0.62) 0.55 (0.44 to 0.66) 76% 0.51 (0.41 to 0.61)

0.98
4 0.51 (0.41 to 0.62) 0.610

Large trochanter minor
fragment* 86% 0.65 (0.52 to 0.77) 0.78 (0.68 to 0.87) 86% 0.65 (0.53 to 0.76)

0.88
6 0.76 (0.66 to 0.85) 0.553

Agreement coefficients with 95% percentile bootstrap confidence interval (B = 1,000, cluster bootstrap allowing for clustering within patients). p-values for
difference between agreement for CT versus radiograph obtained from clustered bootstrap resampling with B = 10,000.
*Defined as a displaced or undisplaced large trochanter minor fragment extending proximal or distal of minor.
AC1, Gwet’s agreement coefficient; AO/OTA, AO/Orthopaedic Trauma Association; CI, confidence interval; κ, Cohen’s kappa coefficient.
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there were conflicting results between the preoperative and
three-months assessments.

The present study agrees with an observational
study evaluating the stability of trochanteric fractures using
3D-CT imaging that showed increased intra- and interob-
server agreement compared with radiographs (AO/OTA and
modified EVJ classification systems).15 Another study evalu-
ated the stability of trochanteric fractures intraoperatively
(arthroplasty, open surgery) to assess the gold-standard AO
classification and compared their evaluation with preoper-
ative radiographs and 2D-CT images.16 They found moder-
ate agreement for stability using radiographs, whereas CT
had excellent agreement for stability assessment.16 However,
another study using CT to classify trochanteric fractures found
no significant increase in inter-rater agreement (AO/OTA and
EVJ classification).17

Our study differs from the above-mentioned studies in
terms of methodology. We engaged all orthopaedic surgeons
as participants in the classification of their surgical cases. We
are not aware of any study on the classification of trochanteric
fractures that uses a similar approach, nor have we found any
studies addressing detection of isolated predefined unstable
fracture patterns on trochanteric fractures where they are
compared based on different imaging methods.

We consider the chosen methodology of mimicking a
normal clinical setting as a strength of this study. In real life,
the surgeons treating these fractures may have considerable
differences in expertise. Our results show a discrepancy in
the interpretation of stability between the expert group and
the operating surgeons. The latter classified fewer fractures as
unstable based on the radiograph evaluation, which may be
due to their varied experience in interpreting unstable fracture

patterns in general. The expert group classified most of the
fractures as unstable when assessing the radiographs.

The correct interpretation of trochanteric fracture
stability may be limited by the predefined classification
systems we have included in this study. It would have
been interesting to include the simple question, “Do you
consider the fracture to be stable or unstable?” This could
have identified discrepancies in the interpretation of stability
between the surgeons and the expert group, independent
of any of the classification systems. We recommend includ-
ing this question in future studies assessing the stability of
fractures.

We did not find the modified Nakano classification
to be applicable in the context of comparing its use with
radiographs and CT. This classification system is based on
CT evaluation, and the observer point is the posterior aspect
of the proximal femur.8 It is difficult to assess the posterior
aspect of proximal femur on radiographs, which could explain
why the results for the Nakano classification did not reach
statistical significance.

The clinical relevance of this study’s findings can be
applied to the consequences of defining more fractures as
unstable using CT. A study recently published by the Nor-
wegian Hip Fracture Register supports the use of intrame-
dullary nails for unstable trochanteric hip fractures (AO/OTA
31.A2-A3 and subtrochanteric fractures combined) compared
with sliding hip screws in terms of reduced reoperation
rate.6 It also found that the one-year mortality rate was
lower in the intramedullary nail group.6 It may therefore
be argued that introducing CT in preoperative diagnostics
may further increase the use of intramedullary nails to treat
these fractures, especially in cases where there is uncertainty

Table IV. Inter-rater agreement for preoperative classifications for radiograph and CT.

Variable
Observed
agreement

Radiograph (n = 111)

AC1 (95% CI)
Observed
agreement

CT (n = 111) p-
valu
e

p-
valueκ (95% CI) κ (95% CI) AC1 (95% CI)

Stability

AO/OTA 74% 0.47 (0.30 to 0.64) 0.48 (0.32 to 0.64) 76% 0.49 (0.30 to 0.65) 0.860 0.53 (0.37 to 0.68) 0.566

Modified Evans Jensen 77% 0.50 (0.31 to 0.65) 0.59 (0.43 to 0.73) 84% 0.57 (0.39 to 0.74) 0.510 0.74 (0.60 to 0.84) 0.066

Modified Nakano 84% 0.65 (0.50 to 0.79) 0.70 (0.56 to 0.83) 82% 0.58 (0.41 to 0.73) 0.361 0.68 (0.53 to 0.81) 0.834

Morphologies

Intertrochanteric fracture
line 68% 0.31 (0.12 to 0.47) 0.39 (0.20 to 0.55) 69% 0.37 (0.19 to 0.53) 0.562 0.41 (0.24 to 0.57) 0.719

Thin lateral wall 61% 0.23 (0.04 to 0.40) 0.23 (0.06 to 0.41) 61% 0.22 (0.04 to 0.40) 0.984 0.23 (0.05 to 0.40) 0.976

Large posterolateral
trochanter major
fragment 72% 0.44 (0.28 to 0.59) 0.44 (0.29 to 0.60) 70% 0.38 (0.20 to 0.55) 0.561 0.42 (0.26 to 0.60) 0.922

Comminuted trochanter
major fracture 66% 0.27 (0.07 to 0.44) 0.36 (0.17 to 0.54) 63% 0.26 (0.10 to 0.45) 0.896 0.26 (0.11 to 0.45) 0.407

Large trochanter minor
fragment* 77% 0.41 (0.21 to 0.60) 0.61 (0.46 to 0.75) 77% 0.43 (0.23 to 0.61) 0.854 0.63 (0.47 to 0.76) 0.733

Agreement coefficients with 95% percentile bootstrap confidence interval (B = 1,000). p-values for difference between agreement for CT versus radiograph
obtained from bootstrap resampling (B = 10,000).
*Defined as a displaced or undisplaced large trochanter minor fragment extending proximal or distal of minor.
AC1, Gwet’s agreement coefficient; AO/OTA, AO/Orthopaedic Trauma Association; CI, confidence interval; κ, Cohen’s kappa coefficient.
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about the stability. Plain radiographs are still advocated as the
primary method of investigation for hip fractures.2 Introducing
a preoperative CT as a routine part of clinical practice for
these fractures will have a considerable impact on the use
of CT resources. Hospitals with good CT availability report
that a preoperative CT may substitute the use of radiographs
without delaying surgery.18 However, at hospitals with more
limited access to CT, there is a risk that a preoperative CT
may postpone surgery, which is not desirable. In conducting
this study, we made sure that preoperative CT did not delay
the time to theatre. Questions can also be raised concerning
potential systematic errors in stability evaluations of trochan-
teric fractures in previous clinical and register studies where
decisions on the use of classification systems, such as AO/OTA
and EVJ, have been made based on radiographs.

A limitation of the study is its single-centre design,
with a rather small sample size. Furthermore, the unbalanced
proportion of stable versus unstable fractures defined as
the gold standard by the expert group results in imprecise
estimates of specificities, and low power for the corresponding
comparisons. When planning the study, we expected more
fractures to be classified as stable by the expert group. Due to
the length of time required to assess all fractures, the expert
group defined the gold standard for all 120 fractures on one
occasion. They did not make a three-month reassessment of
the fractures, therefore we could not assess the expert group’s
intraobserver reliability. This may be considered a limitation.

In conclusion, CT images of trochanteric fractures
increased detection of unstable fractures using the AO/OTA
and EVJ classification systems. Compared with radiographs,
CT improved intra-rater reliability when assessing fracture
stability and the detection of large posterolateral trochanter
major fragments.

Supplementary material
Questionnaire provided to the surgeons/expert group, and
description of the expert group’s definitions of the specific unstable
trochanteric fracture patterns.
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