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Background: Proximal ulna fracture-dislocations are challenging injuries with a myriad of existing
classification systems. The Coronoid, proximal Ulna, Radius, and Ligaments classification (CURL) is a
simple framework designed to focus attention on the key components affecting outcome and guide
surgical management. This study evaluates interobserver and intraobserver reliability of this new
classification.
Methods: Four observers independently reviewed plain radiographs and computed tomography (CT)
scans of patients with proximal ulna fracture-dislocations. Each observer scored the Coronoid (C),
proximal Ulna (U), and Radius (R) components for each fracture on 2 occasions. The osseous components
were subclassified as ‘intact’, ‘simple’, or ‘complex’. The Ligament component (L) was not rated as this
requires intraoperative classification. Interobserver and intraobserver reliability was calculated using
Cohen’s weighted kappa coefficients. X-ray and CT were compared for patients with both imaging
modalities. The Landis and Koch criteria were used to interpret the strength of the kappa statistics.
Results: One hundred seventy seven patients had plain X-rays; 58 patients had both X-ray and CT scans.
Overall, in the X-ray only cohort, there was ‘almost perfect’ interobserver reliability for the radial head
(k ¼ 0.94) and coronoid (k ¼ 0.83), and ‘substantial’ reliability (k ¼ 0.68) for the proximal ulna. For the
X-ray and CT cohort, interobserver reliability was ‘almost perfect’ across both modalities for the radial head
(k ¼ 0.88 and k ¼ 0.93, respectively) and ‘moderate’ for the proximal ulna (k ¼ 0.48 and k ¼ 0.52,
respectively). For the coronoid, interobserver reliability for X-ray interpretation was ‘substantial’ (k ¼ 0.74)
and for CT was ‘almost perfect’ (k ¼ 0.89). Intraobserver reliability was ‘almost perfect’ for all components,
other than CT assessment of the proximal ulna which demonstrated ‘substantial’ reliability (k ¼ 0.74).
Conclusion: The Coronoid, proximal Ulna, Radius, and Ligaments classification demonstrates strong
interobserver and intraobserver reliability, supporting use of the classification for proximal ulna fracture-
dislocations. CT is recommended for improved characterization of any fracture with a coronoid
component.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Fracture-dislocations of the elbow account for 2%-5% of elbow
fractures.13 There are a variety of classification systems used to
describe the array of injury patterns seen, each with a different
emphasis.9,13,20,34,39,41,44,46 The subset of fracture-dislocations that
includes a proximal ulna fracture alongside instability of the
d for this study.
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ulnohumeral joint (UHJ) and/or the proximal radio-ulnar joint
(PRUJ) can be particularly difficult to evaluate, classify, and treat.
Several terms are used to categorize these injuries including
Monteggia variants, atypical Monteggia lesions, type D olecranon
fractures, transolecranon fracture-dislocations, and unstable olec-
ranon fracture-dislocations, to name a few.28,29,38,47

The Monteggia pattern of injury was originally described as
a proximal ulna fracture with associated radio-humeral disloca-
tion,13,14 with further classification by Bado in 1967.4 Although the
posterior Monteggia lesion (Bado Type II) has been subclassified by
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Figure 1 Plain radiographs demonstrating the wide spectrum of injury seen in proximal ulna fracture dislocations.
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Jupiter into 4 groups to better describe the ulna fracture,19,32 the
classification does not describe the proximal ulna fracture in detail
or account for important concomitant osseo-ligamentous
injuries.13,33

Trans-olecranon fracture-dislocations can range from an iso-
lated olecranon fracture with ulnohumeral instability, to a highly
comminuted proximal ulna fracture with associated radial head
and coronoid fractures.7,26,29,35,48 Although the proximal radioulnar
articulation is characteristically preserved in these injuries,26 they
may be confused with the anterior Monteggia pattern. While
classically described as an isolated osseous injury,8,10,26,29 con-
flicting studies demonstrate damage to the collateral liga-
ments.5,26,37 In addition, Doornberg and Wong both describe a
pattern of injury: the posterior transolecranon fracture-dis-
locationdan injury associated with radial head fracture, radioulnar
disruption, and potential collateral ligament injury.10,48

The overlap between these complex injury patterns inevitably
leads to confusion and difficulty in applying the classifications in
practice. This is reflected by studies demonstrating their poor
therapeutic and prognostic value.11,13,21 Furthermore, attempting
to ‘name’ the fracture type may distract from understanding the
full pathoanatomy of the injury, especially in the presence of
concomitant radial head and coronoid fractures, which when
present, are known to adversely affect prognosis.12,25,31,36,44 It is
therefore preferable to have a simple, reliable framework that
allows a comprehensive description of the whole spectrum of
proximal ulna fracture-dislocations with focus on the compo-
nents that directly influence surgical management and
outcome.6,30

The primary aim of this study was to assess interobserver and
intraobserver reliability of a new classification when applied as a
preoperative tool to assess proximal ulna fracture-dislocations of
the elbow.

The secondary aim was to compare the reliability of X-ray and
computed tomography (CT) assessment where both modalities
were used for the same fracture.

Materials and methods

This is a diagnostic study using a clinical cohort of patients and
multiple observers to evaluate the reliability of a novel classifica-
tion system for fractures of the proximal ulna with associated
instability of the ulnohumeral or proximal radioulnar joints.
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CURL classification system

Rationale
The Coronoid, proximal Ulna, Radius, and Ligament system

(CURL) was developed as a simple, reliable framework to encom-
pass the whole spectrum of proximal ulna fracture-dislocations
with focus on the components that directly influence surgical
management and outcome. It is based on the understanding that
proximal ulna fracture-dislocations comprise a spectrum that in-
cludes relatively benign injuries with an isolated proximal ulna
fracture to highly complex injuries affecting all the osseo-
ligamentous constraints (Fig. 1). The purpose of simplifying the
classification of these injuries is to aid in identification of all injured
components, quantify severity of these components, and assist in
formulating a surgical plan, with the hope that this will lead to
more consistent outcomes.

Components
The classification (Fig. 2) comprises 3 osseous components

(Coronoid, proximal Ulna, and Radius) that can be assessed from
preoperative imaging and form the basis of this study. The Liga-
ment component completes the classification as ligament injuries
can be inferred from preoperative imaging but require intra-
operative verification.

The purpose of this study was to assess the reliability of the
preoperative bony components, which form the core of the classi-
fication system. Each of the bony components is subcategorized as
intact (no fracture), simple, or complex. Simple and complex frac-
tures were defined as follows:

Coronoid (C)
An intact coronoid was defined as the coronoid in continuity

with the proximal ulna. A simple fracture was defined as a fractured
coronoid in a single fragment, and a complex fracturewas defined as
coronoid fracturewithmultiple fracture lines creating > 1 fragment
(Fig. 2).

Proximal ulna (U)
By definition, all included injuries have a proximal ulna fracture;

hence, therewere no intact ulnas. A simple fracturewas defined as a
proximal ulna fracture (intra-articular or extra-articular) with a
single fracture line exiting the dorsal cortex of the ulna. Undis-
placed secondary fracture lines were considered simple. A complex



Figure 2 Illustrations depicting the different components and grading of the Coronoid (C), proximal Ulna (U), Radial Head (R), and Ligaments (L) (CURL) classification of proximal
ulna fracture-dislocations. For each component, “i” indicates intact, “s” indicates simple, and “c” indicates complex.

H. Ghori, R. Bagga, A. Tathgar et al. JSES International 8 (2024) 371e377
fracture was defined as a proximal ulna fracture with multiple
displaced intra-articular or extra-articular lines (Fig. 2).

Radius (R)
A simple fracture was defined as an undisplaced radial neck

fracture or a partial articular fracture comprising < 3 articular
fragments (Fig. 2). A complex fracture was defined as any displaced
complete articular fracture, partial articular fractures with 3 or
more articular fragments, or a displaced radial neck fracture.

Ligaments (L)
This component is categorized as intact (no collateral ligament

injury), simple (isolated lateral or medial collateral ligament injury),
or complex (both ligaments injured). Although the ligament
component may be inferred from preoperative imaging of avulsion
fragments (Fig. 2), it requires intraoperative assessment for
confirmation. It was therefore not included in the present preop-
erative reliability study.

Patients

Inclusion/exclusion criteria
Patients were identified using the institution’s trauma database

over an 11-year period (April 2009-September 2020). The initial
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search identified 1223 patients including duplicates and pediatric
patients (aged < 18 years at time of injury) who were subsequently
excluded, leaving 930 patients. Preliminary screening for traumatic
elbow fracture-dislocations was undertaken by 2 of the authors
(H.G. and R.B.). The criteria for inclusion were the presence of a
proximal ulna fracturewith evidence of UHJ and/or PRUJ instability.
UHJ instability was defined as coronal or sagittal plane incongruity
of the ulnohumeral articulation manifesting as either asymmetric
alignment of the UHJ and/or subluxation or dislocation of the radial
head relative to the capitellum. PRUJ instability was defined as loss
of congruence between lesser sigmoid notch and radial head.
Classic Monteggia injuries involving the ulna diaphysis with a
stable UHJ were excluded, as were olecranon fractures without
radiographic evidence of joint instability. Rotatory fracture dislo-
cations with the presence of a coronoid fracture but no proximal
ulna fracture were also excluded. Final screening of cases for in-
clusion was performed by all authors leaving a sample population
of 177 patients for analysis.

Radiological evaluation

All 177 patients had initial plain radiographs at presentation.
Fifty-eight (32.8%) patients also had CT scans. This was at the
discretion of the surgical team who determined the need for



Table I
Overall interobserver reliability for the CURL classification of patients who had only an X-ray on admission.

Score component Weighted kappa Agreement SE (95% CI) Significance

First set
Coronoid 0.86 Almost Perfect 0.03 (0.80 to 0.93) <0.0001
Proximal ulna 0.72 Substantial 0.06 (0.61 to 0.83) <0.0001
Radial head 0.94 Almost Perfect 0.03 (0.90 to 0.98) <0.0001
Total 0.85 Almost Perfect 0.03 (0.80 to 0.90) <0.0001

Second set
Coronoid 0.80 Substantial 0.04 (0.72 to 0.88) <0.0001
Proximal ulna 0.64 Substantial 0.06 (0.52 to 0.76) <0.0003
Radial head 0.93 Almost Perfect 0.02 (0.88 to 0.97) <0.0001
Total 0.80 Substantial 0.03 (0.75 to 0.85) <0.0001

Overall (mean of both sets)
Coronoid 0.83 Almost Perfect
Proximal ulna 0.68 Substantial
Radial head 0.94 Almost Perfect
Total 0.83 Almost Perfect

CI, confidence interval; SE, standard error; CURL, Coronoid, proximal Ulna, Radius, and Ligament system.
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advanced imaging based on the X-rays. For patients who had a CT
scan, X-ray was used to perform classification first, without viewing
the CT images, followed by a repeat classification 1 week later with
CT imaging only.

Complete assessment was independently performed by 4 ob-
servers (H.G., R.B., R.M., and J.P.) on 2 separate occasions with a 4-
week interval. One of the assessors was a medical student, 1 was
a research fellow, and 2 were fellowship-trained shoulder and
elbow specialists. Consensus on how to perform the classification
was agreed prior to data collection. Observers completed the study
using the same institutional imaging software.

Statistical analysis

For the purpose of the study, each of the 3 bony components
were assigned a score to allow calculation of interobserver and
intraobserver reliability. In the absence of a component being
fractured (eg, intact radial head), a score of 0 was assigned. A simple
fracture of the component was assigned a score of 1 and a complex
fracture was assigned a score of 2. Hence, the maximum possible
score was 6 andminimum 1 as all injuries by nature had a proximal
ulna fracture.

Interobserver reliability was calculated using Light’s derivation
of Cohen’s Kappa (k).23 The 4 observers were compared using a
pairwise approach, resulting in 6 different statistical comparisons
of interobserver agreement. The arithmetic mean of the 6 pair
agreements was calculated to find the overall Kappa statistic for
each component of the CURL score. Our data were weighted to
account for its ordinal nature and determine whether or not there
was a gradient between scores, that is, whether the relative
agreement between adjacent scores 1 and 2 is different to the
relative agreement between the scores 0 and 2.

Interobserver statistical analysis was carried out on 2 separate
cohorts defined as follows: All patients who had X-rays and all
patients who had both an X-ray and a CT. The intraobserver reli-
ability was calculated for each observer using the Cohen’s
weighted Kappa. Interpretation of the Kappa statistics was
accomplished in accordance with the criteria presented by Landis
and Koch in 197722: K values of 0.81-1 are considered almost
perfect, 0.61-0.8 substantial, 0.41-0.6 moderate, 0.21-0.4 fair, 0-0.2
slight, and < 0 poor. A score of �1 represents total disagreement
between the observers and þ1 represents perfect agreement. P
values of < .05 were considered statistically significant and were
calculated to account for averaging of the data.45 Statistical anal-
ysis was conducted using SPSS (version 27; IBM Corp., Armonk,
NY, USA).
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Results

Patient demographics

There were 82 male (46.3%) and 95 female (53.7 %) patients.
Mean age was 60.1 years (range: 18-96 years, standard deviation
20.0). The left elbow was affected in 93 of 177 (52.5%) patients.

There were 55 (31%) patients with a proximal radius fracture
and 46 (25.9%) patients with a coronoid fracture.

Interobserver reliability: X-rays

Using plain radiographs alone, the CURL score across all 4 ob-
servers demonstrated substantial to almost perfect agreement as a
total score and for the individual components in both the first and
second set of observations. This is detailed in Table 1.

Interobserver reliability: X-ray vs. CT

For the 58 patients who had both preoperative X-ray and CT,
interobserver reliability across the 4 observers demonstrated
higher values for CT compared with X-ray for total CURL score and
all individual components, with the greatest improvement in
agreement for CT over X-ray seen for the coronoid component of
the classification. The results are detailed in Table II.

Intraobserver reliability

Intraobserver agreement for each of the 4 observers was sig-
nificant to perfect for all components and total CURL scores. Most
parameters showed a kappa value of more than 0.9 with almost
perfect agreement. The results are detailed in Table III.

Discussion

The primary aim of this study was to assess interobserver and
intraobserver reliability of the CURL classification system when
applied as a preoperative tool to assess proximal ulna fracture-
dislocations of the elbow. The secondary aim was to compare the
reliability of X-ray and CT assessment where both modalities were
used for the same fracture.

A strong interobserver and intraobserver reliability was
demonstrated for all osseous components of the classification.
Higher reliability values for CT compared with X-ray were found for
total CURL score and all individual components, with the greatest
improvement in agreement seen for the coronoid component.



Table II
Overall interobserver reliability for the CURL classification of patients who had both an X-ray on admission and a preoperative CT scan.

Score component Weighted kappa Agreement SE (95% CI) Significance

First set
X-ray
Coronoid 0.77 Substantial 0.06 (0.66 to 0.89) <0.0003
Proximal ulna 0.46 Moderate 0.13 (0.28 to 0.72) <0.0027
Radial head 0.87 Almost Perfect 0.04 (0.79 to 0.96) <0.0003
Total 0.74 Substantial 0.05 (0.63 to 0.84) <0.0003

CT
Coronoid 0.90 Almost Perfect 0.04 (0.82 to 0.98) <0.0001
Proximal ulna 0.51 Moderate 0.14 (0.24 to 0.76) <0.001
Radial head 0.93 Almost Perfect 0.04 (0.86 to 1.01) <0.0001
Total 0.82 Almost Perfect 0.04 (0.74 to 0.90) <0.0003

Second set
X-ray
Coronoid 0.71 Substantial 0.07 (0.58 to 0.84) <0.0001
Proximal ulna 0.50 Moderate 0.13 (0.26 to 0.75) <0.0028
Radial head 0.88 Almost Perfect 0.05 (0.79 to 0.97) <0.0004
Total 0.69 Substantial 0.05 (0.59 to 0.79) <0.0002

CT
Coronoid 0.87 Almost Perfect 0.05 (0.78 to 0.96) <0.0004
Proximal ulna 0.53 Moderate 0.13 (0.27 to 0.79) <0.001
Radial head 0.93 Almost Perfect 0.03 (0.87 to 0.99) <0.0002
Total 0.81 Almost Perfect 0.04 (0.74 to 0.89) <0.0001

Overall (mean of both sets)
X-ray
Coronoid 0.74 Substantial
Proximal ulna 0.48 Moderate
Radial head 0.88 Almost Perfect
Total 0.72 Substantial

CT
Coronoid 0.89 Almost Perfect
Proximal ulna 0.52 Moderate
Radial head 0.93 Almost Perfect
Total 0.82 Almost Perfect

CI, confidence interval; SE, standard error; CT, computed tomography; CURL, Coronoid, proximal Ulna, Radius, and Ligament system.

Table III
Intraobserver reliability of the 4 observers for the CURL classification across the modality of X-ray and CT.

Coronoid Proximal ulna Radial head Total

Kappa SE Significance Kappa SE Significance Kappa SE Significance Kappa SE Significance

X-ray
Observer 1 0.91 0.03 <0.001 0.71 0.06 <0.001 0.96 0.01 <0.001 0.90 0.02 <0.001
Observer 2 0.90 0.03 <0.001 0.93 0.03 <0.001 0.96 0.01 <0.001 0.92 0.02 <0.001
Observer 3 0.98 0.01 <0.001 0.91 0.04 <0.001 1.00 0.00 <0.001 0.96 0.01 <0.001
Observer 4 0.77 0.05 <0.001 0.72 0.06 <0.001 0.91 0.03 <0.001 0.78 0.03 <0.001
Mean 0.89 0.82 0.96 0.89

CT
Observer 1 0.95 0.03 <0.001 0.68 0.15 <0.001 0.95 0.03 <0.001 0.92 0.03 <0.001
Observer 2 0.95 0.03 <0.001 1.00 0.00 <0.001 1.00 0.00 <0.001 0.97 0.02 <0.001
Observer 3 0.96 0.03 <0.001 0.69 0.11 <0.001 0.98 0.02 <0.001 0.91 0.03 <0.001
Observer 4 0.89 0.04 <0.001 0.60 0.11 <0.001 0.84 0.06 <0.001 0.81 0.05 <0.001
Mean 0.94 0.74 0.94 0.90

SE, standard error; CT, computed tomography; CURL, Coronoid, proximal Ulna, Radius, and Ligament system.
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There are only a few existing studies that investigate the reli-
ability of the other classification systems used to describe fracture-
dislocations that involve the proximal ulna.6,13,17,42,43 Indeed, to our
knowledge, there exist no data reporting the observer reliability of
Monteggia and Monteggia-type injuries described by Bado, Jupiter,
and Ring.17

Previous authors have assessed the interobserver reliability of
coronoid fracture classification independent of other fractures that
comprise the patient’s overall injury and have demonstrated that
observer agreement for coronoid fractures increases with use of
advanced imaging compared to X-ray.1,16,24 This was verified in the
present study, where agreement from radiographs was substantial
in both sets of data (k ¼ 0.77 and k ¼ 0.71), but was almost perfect
across both sets of CT scores (k ¼ 0.90 and k ¼ 0.87).
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For the proximal radius, the most common classification used is
that of Mason and its derivations; however, its ability to direct
treatment and predict short-term prognosis limits its value.17,48 Our
results show strong interobserver reliability with regard to radio-
graphic assessment of radial head fractures in both sets of data,
with almost perfect agreement in our X-ray only cohort (k ¼ 0.80-
0.86) and substantial agreement in our CT and X-ray cohort
(k ¼ 0.71-0.77) which is superior to the reliability of the mason
classification assessed by other authors.3,18,27 This is likely to be
because we have simplified the classification based upon clearly
defined parameters that affect decision-making and treatment,
which is the overall premise of CURL.

The CURL system was developed by the senior author to make
analysis, planning, and surgical execution of these complex injuries
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more simple and user friendly. Additionally, it allows teaching
regarding these injuries to be focused on the most critical struc-
tures involved with strong emphasis on the coronoid as a key
influencer of outcome. This is why the coronoid comes first in the
CURL system.

The proposed CURL classification system has some evident
strength. It offers a more simplistic approach to each component
of the fracture-dislocation in parallel to providing an overall un-
derstanding of the total severity of the injury pattern. Further-
more, it provides a shift away from the multiple different
classifications and eponyms currently required to describe these
injuries.

It is important to understand that the intention of CURL is not
to generate a numerical score; however, assigning numerical
values to the fracture subtypes was required in the present study
for assessment of reliability and will be useful for future prog-
nostic studies. In clinical practice, the purpose of CURL is to
move away from naming fractures and focus attention on
recognition and management of the most important injury
components affecting outcome. By understanding that these
injuries are part of the same spectrum, and providing a simple
framework for preoperative interpretation, with emphasis on
the coronoid, the aim is to improve surgical planning with regard
to variables like patient positioning, surgical approach, implant
requirements, and need for expert help. The result would be
to expect improved outcomes for an injury with frequent
complications.

We acknowledge that there are some inherent limitations to the
retrospective methodology regarding selection bias; however,
the large sample is a strength which increases the reliability of the
results.2 Most similar studies use far smaller sample sizes with
infrequent assessment of intraobserver reliability.6,11,13,15,17,25,40,43

Furthermore, it is acknowledged that interobserver and intra-
observer reliability does not equate to accuracy of the classification.

Finally, ligament injury was not assessed as part of this study,
although it is an important component of the CURL classification.
We did not feel the preoperative inference of a ligament injury seen
on imaging could be reliably corroborated from the operative notes
as the surgical treatment was performed by a range of surgeons,
many of whom did not document or treat sometimes obvious lig-
ament injuries in the definitive surgery. The ligament component
would better be verified in a prospective study with surgery per-
formed by clinicians using the CURL system.

Future research direction regarding the CURL classification in-
cludes correlation of preoperative imaging with intraoperative
ligament injuries and a study to assess the prognostic value of the
CURL system with regard to patient outcome.

Conclusion

The CURL classification system demonstrates high interobserver
and intraobserver reliability across each osseous component of the
classification. The coronoid component of these injuries is critical,
and CT is recommended for any injury with a possible coronoid
component to optimize characterization. We propose that the CURL
classification system is a reliable preoperative framework for
assessment of the full spectrum of ‘proximal ulna fracture-
dislocations’.
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