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Acute elbow dislocation: comparison between magnetic resonance
imaging and intra-operative finding of ligament injury
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Abstract
Purpose The aim of this current study was to assess elbow ligament tears after dislocation using magnetic resonance imaging
(MRI) and to correlate any pre-operative imaging with intra-operative findings of elbow ligament tears.
Methods We prospectively included 32 patients with acute elbow dislocation investigated by MRI at a means of five days from
dislocation. A simple elbow dislocation was diagnosed in 14 patients (44%); associated bone injuries were identified in 18
elbows (56%). Surgical repair of elbow ligaments was carried out in 23 patients, and nine cases were treated non-operatively. A
blinded MRI evaluation of all 32 elbows was performed by an orthopaedic surgeon (rater 1) and a musculoskeletal radiologist
(rater 2).
Results Inter-rater agreement for MRI evaluation of 32 was poor for lateral ulnar collateral ligament (LUCL) tears, fair for radial
collateral ligament (RCL), moderate for annular ligament (AL), and fair for ulnar collateral ligament (UCL). All tears were
reported as complete by rater 1; 13/32 partial tears were identified by rater 2 (LUCL = 2, RCL = 2, UCL = 9). Correlation between
surgical andMRI findings showed good inter-rater agreement for LUCL and AL tears in both raters. Agreement for RCL tear was
poor for rater 1 and fair for rater 2; agreement for UCL tear was fair for rater 1 and poor for rater 2. Intra-operative findings
showed ten radial head fractures (RHFs) and ten coronoid fractures (CFs). LUCL tears were found in the four cases of type II
RHFs and in 3/4 cases of CFs. Bone injuries and ligament tears were not significantly associated.
Conclusion MRI scan supported surgeons to identify soft tissue injuries and to address the most suitable surgical approach after
acute elbow dislocation. Inter-observer agreement for intra-operative findings was high for LCL complex injuries and poor for
UCL.
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Introduction

The elbow joint is the secondmost common site of dislocation
in adults after the shoulder joint, with an annual incidence of
5.2 per 100,000 people per year [1].

Simple elbow dislocations are associated with soft tissue
injury only, or minimal bone lesions and, are commonly man-
aged conservatively when the joint stability is preserved after
closed reduction. In the case of re-dislocation or persistent
instability after reduction, a surgical intervention is recom-
mended [2]. The anatomy and biomechanics of elbow liga-
ments and their role in joint stability have been well described
[3–5].

The ulnar collateral ligament (UCL) complex consists of
three bundles (anterior, posterior, and transverse), of which
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the anterior bundle acts as the main valgus stabilizer and the
posterior one contributes as co-stabilizer to the valgus forces.
The lateral collateral ligament (LCL) complex includes the
lateral ulnar collateral ligament (LUCL), radial collateral lig-
ament (RCL), annular ligament (AL), and when present, the
accessory lateral collateral ligament (ALCL). The LUCL
mainly contributes to the posterolateral rotatory stability,
whereas the RCL preserves the varus stability and resists to
posterolateral rotatory instability [6]; the AL acts as the pri-
mary stabilizer of the proximal radioulnar joint. Injuries of
elbow ligaments after acute dislocation have been mainly at-
tributed to the mechanism of instability suggested by
O’Driscoll et al. [6]. PLRI induces injuries of collateral liga-
ments and overlying muscle that progress from the lateral to
the medial side, involving the LUCL in all dislocations, while
the involvement of UCL and overlying flexor-pronator (F-PT)
muscles depend on the degree of progression of dislocation.

However, recent research findings have demonstrated an
alternative mechanism of ligament injury, where a varus force
can cause injury to the lateral structures of the elbow; then, the
dislocation progresses postero-medially to the distal humerus
causing the stripping of the UCL and F-PT muscles during the
forearm external rotation (simple posteromedial instability
[PM]), in addition to a continuously acting varus force.
Rarely, a coronoid fracture can occur if the coronal tip is not
disengaged from the trochlear notch during varus and forearm
internal rotation force applying (posteromedial rotatory insta-
bility [PMRI]) [7].

Magnetic resonance imaging (MRI) is a valuable diagnos-
tic tool to identify soft tissue injuries of the elbow, especially
lateral and medial collateral ligaments tears [8–10]; however,
it is not routinely carried out after acute elbow dislocation.

Recent research articles have analyzed the elbow ligament
tears after dislocation using MRI [7, 9, 11–13], but none of
them has evaluated the reliability of the MRI scan to detect
lateral and medial elbow ligaments injuries.

The aim of this current study was to assess elbow ligament
tears after dislocation using MRI and to correlate pre-
operative imaging with intraoperative findings of elbow liga-
ment tears in the elbows surgically treated.

Patients and methods

Study population and design

This was a prospective study including 32 consecutive pa-
tients with acute elbow dislocation who came to the
Emergency Department from November 2013 to November
2019. The study was approved by the institutional review
board (Prot. AOU0025970/19). All patients included in the
study, reported a fall onto an outstretched hand during the
injury. The direction of instability (PLRI or PM) was

diagnosed on standard plain radiographs (anteroposterior
and lateral views) performed in Emergency in line with the
criteria reported by O’Driscoll et al. [1] and Rhyou et al. [14].
We identified 29 cases of PLRI and three cases of PM. An
attempt of sedation-assisted closed reduction or under local
and general anaesthesia was carried out on all patients; those
with persistent subluxation or re-dislocation and asymmetric
widening of radiocapitellar or humeroulnar joints within the
range of full flexion to 40–50° of passive range of motion,
were recommended for surgical treatment. All 32 elbows were
also investigated with MRI at a means of five days from dis-
location (range: 2–7 days). A simple elbow dislocation was
diagnosed in 14 patients (44%); associated radial head and
coronoid fractures (RHF and CF) were identified in 18 elbows
(56%) on X-ray and classified by MRI according to Broberg-
Morrey [15] and Regan-Morrey [16] classification systems.
Surgical repair of elbow ligaments was performed in 23 pa-
tients, while nine cases were treated nonoperatively (the elbow
was immobilized for three weeks followed by in-house hos-
pital standard physical therapy treatment plan for another
three weeks to restore active range of motion).

Demographic data of the study population is reported in
Table 1. A blinded MRI evaluation of all 32 elbows was
performed by a fellowship trained elbow surgeon (rater 1)
and an expert upper limb musculoskeletal radiologist (rater
2). In order to provide a blindness evaluation, a resident not
involved in the surgical procedure took charge of every pa-
tient, referring them to the radiologist and the orthopaedic
surgeon involved in MRI assessment of the elbow. Surgery
was then performed by another expert elbow surgeon, and
finally intra-operative findings were used as gold standard to
correlate with pre-operative MRI imaging.

Magnetic resonance imaging assessment

The elbow MRI scan was carried out on all patients using
Achieva 1.5T equipment (Philips Health Care; Eindhoven,
The Netherlands). Each patient was placed in the supine po-
sition, with the arm at the patient’s side, the elbow fully ex-
tended in an appropriate coil, and the forearm supinated [17].

Table 1 Demographic data of the study population

Variable Data

Patients (no.) 32

Mean age (years) (SD) (range) 42.4 (19.5) (11–83)

Gender (M/F) (%) (16/16) (50/50)

Dominance (no.) (%) 20 (63)

BMI (mean) (SD) 24.6 (3.1)

Operated elbows (no.) (%) 23 (72)

Injury-to-surgery interval (days) (range) 8 (6–10)

M, male; F, female; SD, standard deviation; BMI, body mass index
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Axial, sagittal, and coronal images of 2.5-mm slice thick-
ness and a 0.5-mm section spacing were acquired using T1-
weighted and T2-weighted and proton density (PD) se-
quences, with and without fat suppression [18]. The protocol
and parameters used in the MRI sequences are described in
Table 2. The collateral ligaments of the elbow were visualized
in a 20° posterior oblique coronal plane in relation to the
humeral diaphysis with the elbow extended and a coronal
plane aligned with the humeral diaphysis with the elbow
flexed 20 to 30° (Fig. 1a–b).

Coronal images were correlated with the axial and sagittal
images to confirm the suspected pathology.

UCL and LUCL alterations in signal and morphology on
T1-weighted and T2-weighted imaging were suspected of lig-
ament tear [19] (Figs. 2 and 3a–b). The UCL’s anterior bundle
was evaluated in a coronal view, while the posterior bundle
was well recognized and evaluated in axial view. The annular
ligament of lateral collateral ligament (LCL) complexes was
evaluated in axial and sagittal views; coronal and sagittal
views were used for evaluation of the RCL and LUCL [20].
Protocol and parameters used in the MRI sequences of the
elbow are reported in Table 2. Images were processed and
elaborated using OsiriX DICOM Viewer 11.0 (Bernex,
Switzerland).

Surgical procedure

Twenty-three patients underwent surgical treatment using an
ultrasound-guided axillary brachial plexus block (carbocaine
3% or naropine 7.5 ml). This procedure allows enough relax
of the upper extremity to perform elbow examination before
any surgical procedure. Patients were placed in the supine
position with a sterile tourniquet at the arm root. Prior to any
procedure and in elbows without bone injuries, the direction
of instability was examined under anaesthesia to assess PLRI
with lateral pivot-shift test and the PM with the varus and
internal rotation test. Overall, PLRI was diagnosed in 21 el-
bows and PM in 4.

A single lateral approach was used in 19 elbows, a single
medial approach was performed in one elbow, and a com-
bined approach (medial and lateral) in three elbows.

The lateral side of the elbow joint was exposed through a
modified Kocher approach performed by developing an intra-
muscular interval between the anconeus muscle and the ex-
tensor carpi ulnaris. The radial collateral ligament and the
accessory LCL were incised preserving the LUCL when
found intact. The integrity of the LUCLwas assessed by using
the tip of the pliers to pass from the anterior to posterior aspect
of the capitulum humeri [21] (Fig. 2c). A stripping-type tear
pattern of common extensor muscles and LCL complex with
retraction from the lateral epicondyle was found in five el-
bows. Four unstable RHFs were fixed with two or more can-
nulated compression screws (diameter: 3.5-mm tip, 3.6-mm
tail; Acutrak 2 [Acumed Ltd, Andover, UK]). Twenty-one
deficient LUCLs were identified as complete tears and fixed
on the lateral surface of the humeral condyle using a suture
anchor or a double transosseous bone-tunnel (Fig. 2d). Two
Fiberwire nonabsorbable sutures (Arthrex, Naples, FL, USA)
were placed with a locked Krackow stitch in the RCL, LUCL,
and posterior capsule. The sutures were passed through the
divergent bone tunnels, anteriorly and posteriorly to the lateral
column, and tied over a bone bridge in the lateral
supracondylar ridge. In four elbows with UCL insufficiency
after LUCL repair, an additional medial approach was per-
formed [12]. The anterior bundle of UCL was exposed pre-
serving the origin of flexor carpi ulnaris (FCU) tendon on the
medial epicondyle (Fig. 3c); associated F-PT muscle injury
was pre-operatively identified on MRI and intra-operatively
found in 3 elbows (Fig. 4a–c). The proximal insertion of UCL
ligament (i.e., anterior bundle) was re-attached to the humerus
with bone suture (Fig. 4d–e) (No. 2 Fiberwire [Arthrex,
Naples, FL, USA]). At the end of the procedure, the elbow
was immobilized with an arm sling for three weeks. Three
CFs were fixed with a precontoured plate using a combined
approach in two elbows and a single medial approach in 1
(Fig. 4d).

The lateral pivot shift test and the varus stress test were
carried out once again at the end of each procedure to assess
the joint stability.

Active-assisted range of motion exercises were allowed
after one month and strengthening exercises after two months.

Table 2 Parameters used in the magnetic resonance Imaging sequences of the 32 elbows assessed

Axial T1 FSE Axial T2 Coronal PDW FSE Sagittal PDW/FS Coronal 3D FSE

Field of view (mm) 120 cm 120 150–170 160–180 150–170

Repetition time (μs) 567 6061 2025 2000 30

Echo time (μs) 9 100 30 30 13

Thickness (mm) 3.5 3.5 3 4 2

Spacing (mm) 0 0 0 0 1.3

FSE, fast spin echo; PDW, proton density weighted; FS, fast saturation
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Statistical analysis

Descriptive statistics analyses (absolute and percentage fre-
quency, mean, median, standard deviation, and range) were
calculated for all variables. Cohen’s kappa was used to

determine inter-rater agreement among the two MRI raters
and the correlation between MRI and intra-operative findings
of elbow ligaments and overlying muscle injuries. Strength of
agreement was evaluated according to the criteria of Landis
and Cock [22]. The possible association between MRI and

Fig. 2 a T2-weighted coronal and
b sagittal PDW-SPAIR MRI
showing a complete avulsion of
LUCL from the humeral side
(white asterisk). c, d
Intraoperative view of LUCL
avulsed from the humeral inser-
tion (white asterisk). PDW, pro-
ton density weighted; SPAIR,
spectral attenuated inversion re-
covery; MRI, magnetic resonance
imaging; LUCL, lateral ulnar
collateral ligament

Fig. 1 a T2-weighted coronal and
b sagittal PDW-SPAIR MRI
showing the intact LUCL (yellow
arrows) in a normal elbow joint.
PDW, proton density weighted;
SPAIR, spectral attenuated inver-
sion recovery; MRI, magnetic
resonance imaging; LUCL, lateral
ulnar collateral ligament
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intra-operative findings of elbow ligament injuries and quali-
tative variables (age, sex, dominance, side, body mass
index, injury-to-surgery interval) was evaluated with the
analysis of 2 test. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy of MRI in evaluating elbow ligament in-
juries were calculated with surgical exploration findings
as the gold standard. The level of significance was set
at 0.05. All analyses were carried out using Stata
Intercooled 14.2 software for Windows (StataCorp LP,
College Station, TX, USA).

Results

Inter-rater agreement for MRI evaluation of 32 elbows after
dislocation was poor for LUCL tears, fair for RCL, moderate
for AL, and fair for UCL (Table 3). Distribution of ligament
tears among the two raters is described in Fig. 5. All tears were
reported as complete by rater 1; 13/32 partial tears were iden-
tified by rater 2 (LUCL = 2, RCL = 2, UCL = 9).

Age, sex, side, dominance, and body mass index were not
associated with intraoperative findings of elbow ligament

tears. The sensitivity, specificity, PPV, NPV, and accuracy
of MRI scan for surgical findings of ligament tears in 23
elbows are reported in Table 4.

MRI showed excellent accuracy for LUCL tears, with
high sensitivity (100%), but low specificity (50%) in
both raters; in the two cases of AL tears, we had found
high accuracy (95.7%), sensitivity (100%), and specific-
ity (95%).

Accuracy for RCL tears was higher for the rater 2,
whereas low specificity was recorded by both raters;
accuracy UCL tear resulted moderate for rater1 and
low for the rater 2 (Table 4). Correlation between sur-
gical and MRI findings of elbow ligament tears of the
two raters is reported in Table 5; inter-rater agreement
was good for LUCL and AL tears in both raters.
Agreement for RCL tear (Fig. 3d) was poor for rater
1 and fair for rater 2; agreement for UCL tear was fair
for rater 1 and poor for rater 2. Intra-operative findings
of the 23 elbows included ten RHFs (type I in 6 and
type IV in 4) and ten CFs (type I in 6 and type II in 4).
LUCL tears were found in the four cases of type II
RHFs and in 3/4 cases of CFs. Bone injuries and liga-
ment tears were not significantly associated.

Fig. 3 a Coronal and b sagittal
PDW-SPAIR MRI showing a
partial tear of UCL (white aster-
isk) and complete tear of LUCL
(white circle). c, d Intra-operative
view showing partial tear of UCL
(black asterisk), complete tear of
LUCL (white circle), and integri-
ty of RCL. PDW, proton density
weighted; SPAIR, spectral atten-
uated inversion recovery; MRI,
magnetic resonance imaging;
UCL, ulnar collateral ligament;
LUCL, lateral ulnar collateral lig-
ament; RCL, radial collateral
ligament
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Discussion

The results of this study demonstrated a good reliability
of MRI scan to predict LCL injuries. Accuracy and
sensitivity resulted high for LUCL and AL tears and
good for RCL tears. The variable value of specificity
recorded for all LCL components should be interpreted
with concern due to the small size of the sample. The

more controversial and less reliable issue was the MRI
detection of UCL tears by both raters, although the or-
thopedic surgeon appeared to be more accurate com-
pared with the musculoskeletal radiologist. Regarding
the reliability of UCL findings, similar considerations
apply since related to the need of a larger population
and a larger sample of elbows with medial side injuries.
Inter-rater agreement of MRI evaluation in the 32

Fig. 4 a, b Coronal T2-weighted and sagittal T2-weighted SPIR MRI
view, showing a complete avulsion of flexor-pronator muscle (white as-
terisk) and LUCL (white circle) from the humeral origin, with posterior
dislocation of the radial head. c Intra-operative view showing complete
avulsion of flexor-pronator muscle from the medial epicondyle. d, e
Coronoid fracture fixation with plate (white apex) and site of insertion

of UCL on the medial facet of the humerus (white hashtag). f Complete
avulsion of LUCL from the humerus (black circle). SPIR, spectral
presaturation with inversion recovery; MRI, magnetic resonance imag-
ing; LUCL, lateral ulnar collateral ligament; UCL, ulnar collateral
ligament
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elbows after dislocation was weak, with the exception
of the moderate agreement found in the two elbows
with AL tears.

Our results are in line with other research findings [18, 20,
23] and deserve some considerations. Schnetzke et al. demon-
strated weak intra- and inter-observer agreement by conven-
tional MRI technique in the evaluation of ligaments after sim-
ple elbow dislocation and emphasized the need for new MRI
quality standards with special focus on coronal oblique recon-
structions [23].

Other authors have pointed out that in non-arthrographic
imaging, the LUCL is completely visible in approximately
80% of patients and only partially visible over its entire course
in 18% of patients [18]. The utility of MRI has remained
controversial also for imaging of the AL, because it
underestimated the degree of AL interposition within the
radio-capitellar joint; however, the presence of effusion in
the acute setting of elbow dislocation might improve the iden-
tification and evaluation of AL tears [20].

Our study also showed the lack of consistency in the inter-
pretation of some MRI variables (partial vs complete ligament
tears, overlying muscle injuries) by two raters (musculoskeletal

radiologist and orthopedic surgeon) of proven experience in
their own field, but with different surgical backgrounds and
clinical education.

In this respect, Luokkala et al. reported a substantial agree-
ment between radiologists for MRI analysis of soft injury
pattern in simple elbow dislocation [10]. Schnetzke et al.
showed fair to moderate interobserver agreement of four ex-
aminers (experienced and non-experienced radiologists and
orthopaedics) for collateral ligaments; radiologists showed
highest agreement strength for the UCL [23].

Literature data and our study confirm that substantial MRI
agreement for all subtypes of collateral ligament injuries after
elbow dislocation is rarely achieved.

Analysis of radiograms brought out a main mechanism of
PLRI producing ligament and overlying muscle injuries; PM
instability was reported in a few cases, thus confirming the
poor frequency of this mechanism [7, 11]. Although the lateral
side was the most affected in both assumed mechanisms, our
results are only partially consistent with other studies explor-
ing ligament involvement after elbow dislocation. In a previ-
ous study, conceived with a view of an occult elbow disloca-
tion, LUCL avulsion was intra-operatively found in 60% of
unstable RHFs [21]. Heo et al. reviewed 21 cases after PLRI
and reported repair of LCL in all cases and UCL in 4; LCL
injuries were found in all cases and UCL in ten cases on 17/21
pre-operative MRI [24]. The main involvement of LCL com-
plex following an elbow dislocation, confirmed by surgical
exploration, was reported in other studies [25, 26]. Lee et al.,
using MRI, reported 100% of LCL complex tears, of which
87.5% were complete, and about 50% of complete UCL tears
[9]. These findings confirmed that the medial-sided disruption
was more variable.

Simple PM dislocation is uncommon to find, but has been
associated with severe lateral complex injuries, resulting in a
high rate of surgical treatment [11].

In contrast, other researchers demonstrated a more severe
damage of soft tissue at the medial side of the joint compared

Fig. 5 Distribution of ligament
tears among the two raters.
LUCL, lateral ulnar collateral
ligament; RCL, radial collateral
ligament; AL, anular ligament;
UCL, ulnar collateral ligament

Table 3 Inter-rater agreement of MRI evaluation in 32 elbows after
dislocation

Elbow ligament tear* Agreement (%) Kappa P value

LUCL 78.13 − 0.12 0.754

RCL 75 0.33 0.026

AL 93.7 0.47 0.0041

UCL 65.63 0.34 0.016

MRI, magnetic resonance imaging; LUCL, lateral ulnar collateral liga-
ment; RCL, radial collateral ligament; AL, annular ligament; UCL, ulnar
collateral ligament; PPV, positive predictive value;NPV, negative predic-
tive value

*MRI findings were dichotomized (intact or torn) using a weighted
Cohen’s kappa in a linear setting (weighted kappa = 1)
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to the lateral side after posterolateral dislocation [13].
Schreiber et al. suggested multiple mechanisms of elbow dis-
location, in which the most common injury pattern may begin
with a medial-sided ligamentous disruption [13].

Recently it has been reported that LCL injuries had no
significant correlation with the associated fractures after el-
bow dislocation, whereas UCL injuries are significantly cor-
related with fractures of the coronoid and radial head [9].

Our study failed to show significant correlations between
bone injuries and ligament tears, even though complete LUCL
disruption was found in the four elbows with displaced unsta-
ble RHFs.

Overall, MRI scan represents a valid diagnostic tool to
recognize soft tissue injuries of the elbow, still with the limits
of the variable agreement between observers. The difficulty in
carrying out the examination in the acute setting and the cost-
benefit ratio for the National Health Service should be

considered. In addition, the MRI scan does not replace com-
puted tomography (CT) scan, which still remains the most
appropriate diagnostic assessment to identify any bone
lesions.

This is the first prospective study in literature comparing
preoperative MRI evaluation with intra-operative findings of
soft tissues injuries after acute elbow dislocation.

The major limitations of this study include the following:
(a) MRI raters of the study were instructed to identify elbow
injuries after instability; it is possible that this lack of blinding
regarding the patient case history of dislocation may have
affected their evaluations; (b) the small number of some types
of ligament injuries prevents reliable statistical evaluation.

In conclusion, the MRI scan is valid to diagnose LCL el-
bow injuries after acute elbow dislocation, but it lacks sub-
stantial agreement for medial side injuries; however, the small
number of UCL tears reported in this study prevents reliable

Table 5 Correlation between
preoperative MRI and surgical
findings in 23 elbows underwent
ligament repair

Elbow ligament tear* Rater 1 Rater 2

Agreement (%) Kappa P value Agreement (%) Kappa P value

LUCL 95.6 0.65 < 0.001 95.6 0.65 < 0.001

RCL 73.9 0.10 0.30 78 0.28 0.041

AL 95.6 0.65 < 0.001 95.6 0.65 < 0.001

UCL 65.2 0.24 0.08 43.4 − 0.04 0.613

MRI, magnetic resonance imaging; LUCL, lateral ulnar collateral ligament; RCL, radial collateral ligament; AL,
annular ligament; UCL, ulnar collateral ligament; PPV, positive predictive value; NPV, negative predictive value

*MRI Findings were dichotomized (intact or torn) using a weighted Cohen’s kappa in a linear setting (weighted
kappa = 1)

Rater 1: orthopaedic surgeon

Rater 2: musculoskeletal radiologist

Table 4 Accuracy of MRI for intraoperative findings in 23 patients underwent elbow ligament repair

Elbow ligament tear* Sensitivity Specificity PPV NPV Accuracy

Rater 1

LUCL 100 (83.8–100) 50 (1.3–98.7) 95.5 (84–98.8) 100 (NA) 95.7 (78.1–99.9)

RCL 80 (56.3–94.3) 33.3 (0.8–90.6) 88.9 (77.7–94.8) 20 (3.9–60.8) 73.9 (51.6–89.8)

AL 100 (2.5–100) 95.5 (77.2–99.9) 50 (12.8–87.2) 100 (NA) 95.7 (78.1–99.9)

UCL 75 (19.4–99.4) 63.2 (38.4) 30 (15.9–49.2) 92.3 (68–98.6) 65.2 (42.7–83.6)

Rater 2

LUCL 100 (83.8–100) 50 (1.3–98.7) 95.5 (84–98.8) 100 (NA) 95.7 (78.1–99.9)

RCL 90 (68.3–98.9) 33.3 (0.8–90.8) 90 (80–95.3) 33.3 (5.9–79.9) 82.6 (61.2–95.1)

AL 100 (2.5–100) 95.5 (77.2–99.9) 50 (12.8–87.2) 100 (NA) 95.7 (78.1–99.9)

UCL 50 (6.8–93.2) 42 (20.3–66.5) 15.4 (6–34.3) 80 (23.2–65.5) 43.5 (23.2–65.5)

MRI, magnetic resonance imaging; LUCL, lateral ulnar collateral ligament; RCL, radial collateral ligament; AL, annular ligament; UCL, ulnar collateral
ligament; PPV, positive predictive value; NPV, negative predictive value

Rater 1: orthopaedic surgeon

Rater 2: musculoskeletal radiologist

*MRI Findings were dichotomized (intact or torn) using a weighted Cohen’s kappa in a linear setting (weighted kappa = 1)

Values are presented as percentage with 95% of confidence interval
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statistical evaluation. The MRI scans supported surgeons to
identify soft tissue injuries and to address the most suitable
surgical approach. Interobserver agreement for intra-operative
findings was high for LCL complex injuries and poor for UCL
tears; orthopaedic surgeons were more likely to identify com-
plete LUCL tears. Correlations with intra-operative findings
represent the best method to improve the quality of MRI as-
sessment and the agreement between the orthopaedic surgeon
and the radiologist. Overall, the decision to undertake elbow
ligaments repair should be primarily based on clinical exam-
ination performed under anaesthesia. MRI is useful to identify
the exact site of lateral ligament tears in unstable elbow after
reduction and in those cases where joint stability is unclear
and standard radiographs show widening of joint space.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00264-020-04875-5.

Compliance with ethical standards IRB approval was ob-
tained from the institutional review board (Prot. AOU0025970/19,
Comitato Etico Area Vasta Emilia Nord, Modena, Italy).
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