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Abstract: Simple posterolateral elbow dislocations (SPLED) may be treated nonoperatively using
closed reduction, followed by controlled mobilization. However, the extent of soft tissue injuries
might affect the choice of treatment, rehabilitation approach, and prognosis. The purpose of this
study is to compare the characteristics of soft tissue injuries between patients with unstable and stable
SPLED using MRI findings. Thirty MRIs of elbows with SPLED (unstable group (n = 15); stable
group (n = 15)) were randomly reviewed by two experienced musculoskeletal radiologists. Soft tissue
injuries were characterized as an intact, partial tear or complete tear for the: medial collateral ligament
(MCL) complex, common flexor complex, lateral collateral ligament (LCL) complex, common extensor
complex, anterior capsule, and posterior capsule. Moderate to substantial interobserver reliability
and substantial to perfect intraobserver reliability were observed for medial and lateral complexes in
SPLED. The proportion of soft-tissue injuries of the common extensor complex were significantly
different between the unstable (four partial tears and 11 complete tears) and stable groups (11 partial
tears and four complete tears). In conclusion, based on MRI findings, the degree of common extensor
complex injuries may be a predictor of stability and help inform treatment decisions for SPLED.
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1. Introduction

The elbow joint is the second most common site of dislocation in humans, and more than 90% of
simple elbow dislocations (i.e., no relevant osseous lesions) occur in the posterolateral and posterior
direction [1–4]. Simple posterolateral elbow dislocations (SPLED) are usually stable after reduction
and have been treated nonoperatively, followed by controlled mobilization, with favorable results [5,6].
However, several investigators have emphasized that these injuries are not entirely benign [1,7,8].

Elbow dislocations are particularly damaging for soft tissues (e.g., ligaments, capsules, tendons).
Various imaging modalities (e.g., plain radiographs, stress radiographs, ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI)) can be used to evaluate the degree of soft tissue
injury and elbow instability [9–11]. However, dependent on the patient’s compliance, these tests may
not elicit instability [12]. MRI, a commonly used non-invasive test for assessing lesions of the soft
tissues of the elbow, is highly accurate and remains the gold standard imaging approach to characterize
the extent of soft tissue injuries. However, a standardized diagnostic algorithm for acute simple elbow
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dislocations has not yet been established. Additionally, there has been little documentation of MRI
analysis of predictors to determine the stability in SPLED.

The aim of this study was to compare the characteristics of soft tissue injuries in patients with
unstable SPLED and those with stable dislocations using MRI findings. This study was conducted to
confirm the hypothesis that the status of the common extensor complex is a predictor to determine
stability in SPLED.

2. Material and Methods

This retrospective cohort study included 30 patients with SPLED who were managed at our
tertiary care hospital between January 2009 and September 2018 (Figure 1).
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this study (IRB No. 2020-01-061), and informed consent was obtained from all individual participants 
included in the study. 

All patients were initially managed with closed reduction under sedation in the emergency 
department. Whenever possible, an attempt was made to evaluate elbow stability during the full 
range of motion after closed reduction. If the elbows were stable following closed reduction, plaster 
immobilization was completed for 10 days to three weeks, followed by a gentle passive range of 
motion exercises (stable group). Indications for surgical procedure included: (1) failed closed 
reduction, (2) elbow subluxation or a non-congruent joint following closed reduction confirmed on 
radiographs, (Figure 2), and (3) re-dislocation or gross laxity on physical examination following 
closed reduction (unstable group). 

Figure 1. A 53-year old woman injured by slip down. Anteroposterior (A) and lateral (B) radiographs
show simple posterolateral elbow dislocation.

The included patients were divided into two groups based on the stability of their injury (unstable
group (n = 15); stable group (n = 15)) and matched for age and sex. Inclusion criteria included:
(1) posterolateral elbow dislocation as confirmed with the use of radiographs at the time of the initial
injury, (2) referral ≤1 week after the initial injury, (3) no fracture (except avulsion fracture of coronoid
process tip). Exclusion criteria were: (1) chronic dislocation, (2) any other history of elbow surgery or
trauma, and (3) osteoarthritic elbow. Institutional review board approval was obtained for this study
(IRB No. 2020-01-061), and informed consent was obtained from all individual participants included in
the study.

All patients were initially managed with closed reduction under sedation in the emergency
department. Whenever possible, an attempt was made to evaluate elbow stability during the full
range of motion after closed reduction. If the elbows were stable following closed reduction, plaster
immobilization was completed for 10 days to three weeks, followed by a gentle passive range of
motion exercises (stable group). Indications for surgical procedure included: (1) failed closed reduction,
(2) elbow subluxation or a non-congruent joint following closed reduction confirmed on radiographs,
(Figure 2), and (3) re-dislocation or gross laxity on physical examination following closed reduction
(unstable group).
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additional repair of the LCL complex was performed. 

 
Figure 3. A 59-year old woman treated by repair of LCL alone. Intraoperative photograph reveals that 
the LCL and common extensor complex had a distractive tear pattern and were retracted from the 
lateral epicondyle (asterisk) (A). The lateral collateral ligament and common extensor complex are 
repaired with suture anchors; postoperative anteroposterior (B), and lateral (C) radiograph. 

  

Figure 2. Post-reduction lateral radiograph reveals incongruence at the ulno-humeral articulation.

2.1. Surgical Treatment

In examination under anesthesia, a valgus stress test was performed initially at 30◦–40◦ of elbow
flexion with the forearm in pronation. In patients with a stable medial side during the valgus stress test,
usually only the medial collateral ligament (MCL) was torn without rupture of the overlying common
flexor complex, and only the lateral collateral ligament (LCL) complex was repaired. The lateral
complex repair was performed using a modified Kocher posterolateral approach. The torn edge of the
LCL complex and common extensor complex was tagged and reattached to the isometric point of the
lateral epicondyle using a suture anchor (Figure 3). In the absence of a firm endpoint or dislocation
during the valgus stress test, the MCL was repaired first. MCL complex and flexor-pronator groups
were reattached to the isometric point of the medial epicondyle using a suture anchor. The varus and
valgus stability of the elbow joint was then re-evaluated, and no LCL complex repair was performed if
a stable elbow joint was obtained. If dislocation recurred after MCL repair, additional repair of the
LCL complex was performed.
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Figure 3. A 59-year old woman treated by repair of LCL alone. Intraoperative photograph reveals
that the LCL and common extensor complex had a distractive tear pattern and were retracted from
the lateral epicondyle (asterisk) (A). The lateral collateral ligament and common extensor complex are
repaired with suture anchors; postoperative anteroposterior (B), and lateral (C) radiograph.
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2.2. Radiological and MRI Analysis

Simple radiographs were initially performed before and after reduction. MRI scans were
undertaken to evaluate injury patterns of soft tissue and bone, including intra-articular damage.
All MRIs were performed using 1.5 Tesla scanner (Siemens Magnetom Avanto System; Siemens Medical,
Erlangen, Germany) with dedicated elbow specific surface coils. We obtained MR T1/T2-weighted
coronal, sagittal, and axial images and T2-weighted fat-suppression images in at least one plane.
Special MRI reconstructions (e.g., coronal oblique images) were not conducted. Evaluation of MRI scans
was conducted on a medical viewing monitor with adjustable brightness and contrast control [13,14].
The average time from initial injury to MRI imaging was 1.5 days (range 0–4 days). Two experienced
musculoskeletal radiologists assessed blinded images for the intensity and morphology of elbow soft
tissues. Soft tissue injuries were characterized as intact, partial tear, or complete tear for the: (1) MCL
complex, (2) common flexor complex, (3) LCL complex, (4) common extensor complex, (5) anterior
capsule and (6) posterior capsule. Partial-thickness tears were characterized by abnormal ligamentous
morphology and signal intensity on fluid-sensitive sequences, with full-thickness tears demonstrating
an area of complete discontinuity along the course (Figure 4). Three months later, the radiologists
repeated a randomized analysis to evaluate interobserver reliability.
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Figure 4. A 59-year old woman injured by a fall from height. Magnetic resonance images reveal
stripping-type complete tears of the lateral collateral ligament and common extensor complex (arrow)
(A) and a slightly posterior subluxated radial head (B).

2.3. Statistical Analysis

The independent t-test and the chi-square test were used to compare baseline demographics data
between the two groups. Intra-observer reliability and inter-observer reliability were assessed by
calculating the κ correlation coefficient (with 1.0 representing total agreement and 0 representing no
agreement) [15]; κ coefficients interpretation was performed using the Landis and Koch criteria [16].
They defined a κ value of >0.8 as “almost perfect agreement”, between 0.6 and 0.8 as “substantial
agreement”, between 0.4 and 0.6 as “moderate agreement”, between 0.2 and 0.4 as ”fair agreement”,
and <0.2 as “slight agreement”. The paired Student t-test was used to identify potential statistical
differences between the mean κ values. p values of <0.05 were considered significant.
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3. Results

The mean age of patients was 53.7 years (range 37–73 years). Nineteen patients (63.3%) were
men, and 11 (36.7%) were women. Elbow dislocation occurred on the right side (n = 17; 56.7%).
Patient demographics are summarized in Table 1, and there were no significant differences between
the groups in terms of age, sex, involved side, and time between trauma and imaging (all p > 0.05).

Table 1. Demographic data.

Parameter Unstable Group Stable Group p Value

Age (year) (SD) 54.0 (10.3) 53.3 (8.3) 0.420
Sex (n) 0.864
Male 9 10

Female 6 5
Involved side (n) 0.749

Right 9 8
Left 6 7

Time between trauma and imaging (day) (SD) 1.4 (2.2) 1.5 (3.0) 0.689

SD: standard deviation.

3.1. Interobserver and Intraobserver Reliability

As presented in Tables 2 and 3, the interobserver and intraobserver reliability of the structures
was as follows: (1) MCL complex (κ = 0.591 and 0.862), (2) common flexor complex (κ = 0.466 and
0.683), (3) LCL complex (κ = 0.782 and 0.782), (4) common extensor complex (κ = 0.435 and 0.861),
(5) anterior capsule (κ = 0.094 and 0.887), (6) posterior capsule (κ = 0.122 and 0.774).

Table 2. Interobserver agreement between radiologist 1 and 2 per injured structures.

Injured Structures First-Round Second-Round Mean κ-Value

MCL complex 0.627 0.556 0.591
Common flexor complex 0.550 0.383 0.466

LCL complex 0.782 0.782 0.782
Common extensor complex 0.487 0.383 0.435

Anterior capsule 0.125 0.063 0.094
Posterior capsule 0.148 0.097 0.122

K: Kappa; MCL: medial collateral ligament; LCL: lateral collateral ligament.

Table 3. Intraobserver agreement between radiologist 1 and 2 per injured structures.

Injured Structures Radiologist 1 Radiologist 2 Mean κ-Value

MCL complex 0.911 0.814 0.862
Common flexor complex 0.567 0.798 0.683

LCL complex 0.782 0.782 0.782
Common extensor complex 0.798 0.923 0.861

Anterior capsule 0.918 0.857 0.887
Posterior capsule 0.789 0.760 0.774

K: Kappa; MCL: medial collateral ligament; LCL: lateral collateral ligament.

3.2. Unstable Group vs. Stable Group

In the unstable group, a partial tear of the MCL complex was found in four cases (26.7%), and the
total tear was 11 (73.3%). Additionally, there was one (6.7%) intact without common flexor complex
tear, six (40%) partial tears, and eight (53.3%) complete tears. On the lateral side, a complete tear of the
LCL complex was observed in all 15 cases, and the common extensor complex was completely torn in
11 cases (73.3%) and partially torn in four cases (26.7%). The anterior capsule was completely torn in
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five cases (33.3%) and partially torn in 10 (66.7%) cases. The posterior capsule was completely torn in
12 cases (80%) and partially torn in three cases (20%).

In the stable group, a partial tear of the MCL complex was found in four cases (26.7%), and the
total tear was 11 (73.3%). Additionally, there were five (33.3%) intact cases without common flexor
complex tear, six (40%) partial tears, and four (26.7%) complete tears. On the lateral side, a complete
tear of LCL complex was observed in 13 cases (86.7%) and a partial tear in two cases (13.3%) and
common extensor complex was completely torn in four cases (26.7%) and partially torn in 11 cases
(73.3%). The anterior capsule was completely torn in three cases (20.0%) and partially torn in 12
(80.0%) cases. The posterior capsule was completely torn in six cases (40%) and partially torn in nine
cases (60%).

The proportion of common extensor complex injuries were significantly different between the
unstable group (four partial tears and 11 complete tears) and stable group (11 partial tears and four
complete tears) (p = 0.028). There were no significant differences between the groups in terms of the
proportion of injuries for the MCL complex, common flexor complex, LCL complex, anterior capsule,
and posterior capsule (p > 0.05) (Table 4).

Table 4. Incidence of injured structures in unstable and stable groups.

Injured Structures Unstable Group (n = 15) Stable Group (n = 15) p Value

MCL complex 1.000
Intact 0 (0%) 0 (0%)
Partial tear 4 (26.7%) 4 (26.7%)
Complete tear 11 (73.3%) 11 (73.3%)

Common flexor complex 0.135
Intact 1 (6.7%) 5 (33.3%)
Partial tear 6 (40.0%) 6 (40.0%)
Complete tear 8 (53.3%) 4 (26.7%)

LCL complex 0.464
Intact 0 (0%) 0 (0%)
Partial tear 0 (0.0%) 2 (13.3%)
Complete tear 15 (100.0%) 13 (86.7%)

Common extensor complex 0.028 *
Intact 0 (0%) 0 (0%)
Partial tear 4 (26.7%) 11 (73.3%)
Complete tear 11 (73.3%) 4 (26.7%)

Anterior capsule 0.680
Intact 0 (0%) 0 (0%)
Partial tear 10 (66.7%) 12 (80.0%)
Complete tear 5 (33.3%) 3 (20.0%)

Posterior capsule 0.062
Intact 0 (0%) 0 (0%)
Partial tear 3 (20.0%) 9 (60.0%)
Complete tear 12 (80.0%) 6 (40.0%)

*: statistically significant. MCL: medial collateral ligament; LCL: lateral collateral ligament.

4. Discussion

The present study revealed moderate to substantial interobserver reliability and substantial to
perfect intraobserver reliability for medial and lateral soft tissues in SPLED. It is particularly interesting
to note that the common extensor complex was more commonly injured in the unstable group compared
with the stable group.

Although MRI has been shown to be excellent at detecting ligament injuries in a cadaveric model
of chronic elbow instability [17–19], there are few studies with inconsistent results for acute injuries.
In acute elbow dislocations, most patients are not able to fulfill full extension of the elbow, thus
making interpretation much more difficult because the collateral ligaments are not tensioned, and MRI
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reconstructions are not uniform. In addition, when elbow dislocation occurs, the joint capsule is also
damaged in many cases. In our study, the anterior and posterior capsules were completely or partially
torn in all 30 cases. An occurrence that leads to a dissection of joint fluid through the soft tissue planes
of the forearm and that abnormal fluid in the soft tissues may affect MRI analysis, such as common
extensor complex or common flexor complex [20]. For these reasons, interpreting MRI scans after
acute elbow dislocation might be difficult. Schnetzke et al. [14] conducted a study that assessed the
interobserver and intraobserver agreement on ligamentous injuries on MRI in acute simple elbow
dislocation. In their study, interobserver agreement was fair to moderate for collateral ligaments
(LCL: 0.441, MCL: 0.275), and the assessment of extensor and flexor tendon injuries showed slight
interobserver agreement (extensor: 0.049, flexor:0.143).

Numerous studies have reported favorable functional results following simple elbow dislocation,
regardless of the treatment approach used [1,2,21]. However, approximately 30% of elbows with
simple dislocations were easily re-dislocated in the semi-flexion or extension position and more than
50% of patients with simple elbow dislocations felt residual pain or stiffness [7,22]. Several authors
proposed that there are some instances in which simple elbow dislocations are not effectively treated
nonoperatively [22,23]. Therefore, a systematic surgical approach should be considered. However,
it is not yet clear which cases should be treated with which operative approach and few studies have
analyzed the predictive factors of elbow instabilities as a consequence of dislocations. The incongruity
of the elbow joint in MRI or CT can indicate an indirect sign of elbow instability. In 2015, Hackl et al. [2]
provided MRI criteria indicative of posterolateral rotatory instability signs. Additionally, they
suggested that cutoff points of 1.2 mm for radio-capitellar joint incongruence in the sagittal plane
and a 0.7 mm ulnar–humeral incongruence in the axial plane are suitable to screen for posterolateral
rotatory instability.

Accurately characterizing injuries to musculotendinous structures or capsules is important
after elbow dislocation because these structures are significant active stabilizers of the elbow [2,24].
The extent of individual injuries is thought to be dependent on the energy expended and the degree of
displacement. Luokkala et al. [25] evaluated 17 consecutive cases of stable simple elbow dislocations
and evaluated similar soft tissue structures as this study: MCL, flexor-pronator muscle mass origin,
anterior capsule, posterior capsule, LCL, and extensor muscle mass origin. In contrast to this study,
however, complete anterior capsule tears were most common (12/17), followed by MCM and LCL tears
(10/17, 9/17). Only two patients had complete ruptures of the common flexor or posterior capsule,
and the only patient with a posterior capsule tear in their study was also the only patient with complete
disruption of the extensor muscle mass. The authors proposed that this patient had the highest energy
injury and the greatest risk of recurrent instability. In a subgroup analysis conducted here, a complete
tear of the posterior capsule and common extensor complex was observed in 12 (80%) and 11 patients
(73.3%), respectively. Although these were no significant differences observed between the groups
with respect to the proportion of injuries to the posterior capsule, an accurate assessment of this
structure is important to determine the degree of trauma energy after SPLED. As mentioned earlier,
this study revealed that the anterior and posterior capsules were completely or partially torn in all
30 cases. Unlike a ligament-like structure, joint capsules have a wide and variable origin and insertional
attachments. Additionally, because it can be variously observed based on the position of the elbow
joint, it is difficult to diagnose a rupture using MRI and to obtain a high degree of interobserver and
intraobserver agreement.

There were several limitations to this study. First, this is a retrospective study, meaning that only
a small proportion of patients in the series had an MRI examination and that there was a potential risk
of selection bias. Secondly, MRI only provides a static image whereas elbow instability is dynamic;
correlations with a dynamic test (e.g., stress test) were not made. Thirdly, MRI without coronal oblique
reconstructions was used in all patients, had this been used, the quality of MRI may have improved.
Lastly, the assessment was done by only two radiologist examiners, and thus the findings may not
necessarily be generalizable.
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In conclusion, moderate to substantial interobserver reliability and substantial to perfect
intraobserver reliability were observed for medial and lateral complexes in SPLED. Based on MRI
findings, the degree of common extensor complex injury may be a predictor of stability and help
inform treatment decisions for SPLED. Therefore, we recommend that surgical procedures, or delayed
rehabilitation, should be considered in patients with these injuries.

Author Contributions: Conceptualization, C.-H.C. and D.-H.K.; methodology, B.-S.K.; software, B.-S.K.; validation,
C.-H.C., D.-H.K. and B.-S.K.; formal analysis, J.Y.; investigation, J.Y. and H.L.; resources, J.Y. and H.L.; data curation,
J.Y. and H.L.; writing—original draft preparation, D.-H.K.; writing—review and editing, D.-H.K.; visualization,
C.-H.C.; supervision, C.-H.C.; project administration, D.-H.K.; All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank Kyung-Jin Lee, Eun-Ji Jeon, Min-Ji Kim and Ye-Ji Kim for their supports
with data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. De Haan, J.; Schep, N.W.; Tuinebreijer, W.E.; Patka, P.; den Hartog, D. Simple elbow dislocations: A systematic
review of the literature. Arch. Orthop. Trauma Surg. 2010, 130, 241–249. [CrossRef]

2. Hackl, M.; Wegmann, K.; Ries, C.; Leschinger, T.; Burkhart, K.J.; Muller, L.P. Reliability of Magnetic Resonance
Imaging Signs of Posterolateral Rotatory Instability of the Elbow. J. Hand Surg. Am. 2015, 40, 1428–1433.
[CrossRef]

3. Maripuri, S.N.; Debnath, U.K.; Rao, P.; Mohanty, K. Simple elbow dislocation among adults: A comparative
study of two different methods of treatment. Injury 2007, 38, 1254–1258. [CrossRef]

4. Mehlhoff, T.L.; Noble, P.C.; Bennett, J.B.; Tullos, H.S. Simple dislocation of the elbow in the adult. Results after
closed treatment. J. Bone Jt. Surg. Am. 1988, 70, 244–249. [CrossRef]

5. Jockel, C.R.; Katolik, L.I.; Zelouf, D.S. Simple medial elbow dislocations: A rare injury at risk for early
instability. J. Hand Surg. Am. 2013, 38, 1768–1773. [CrossRef]

6. Josefsson, P.O.; Gentz, C.F.; Johnell, O.; Wendeberg, B. Surgical versus non-surgical treatment of ligamentous
injuries following dislocation of the elbow joint. A prospective randomized study. J. Bone Jt. Surg. Am. 1987,
69, 605–608. [CrossRef]

7. Anakwe, R.E.; Middleton, S.D.; Jenkins, P.J.; McQueen, M.M.; Court-Brown, C.M. Patient-reported outcomes
after simple dislocation of the elbow. J. Bone Jt. Surg. Am. 2011, 93, 1220–1226. [CrossRef]

8. Englert, C.; Zellner, J.; Koller, M.; Nerlich, M.; Lenich, A. Elbow dislocations: A review ranging from soft
tissue injuries to complex elbow fracture dislocations. Adv. Orthop. 2013, 2013, 951397. [CrossRef]

9. Reichel, L.M.; Milam, G.S.; Sitton, S.E.; Curry, M.C.; Mehlhoff, T.L. Elbow lateral collateral ligament injuries.
J. Hand Surg. Am. 2013, 38, 184–201, quiz 201. [CrossRef]

10. Rehm, J.; Zeifang, F.; Weber, M.A. Imaging of the elbow joint with focused MRI. Part 1: Examination
techniques and sequences for bone and ligaments. Radiologe 2014, 54, 167–180. [CrossRef]

11. Teixeira, P.A.; Omoumi, P.; Trudell, D.J.; Ward, S.R.; Lecocq, S.; Blum, A.; Resnick, D.L. Ultrasound assessment
of the lateral collateral ligamentous complex of the elbow: Imaging aspects in cadavers and normal volunteers.
Eur. Radiol. 2011, 21, 1492–1498. [CrossRef] [PubMed]

12. Lin, K.Y.; Shen, P.H.; Lee, C.H.; Pan, R.Y.; Lin, L.C.; Shen, H.C. Functional outcomes of surgical reconstruction
for posterolateral rotatory instability of the elbow. Injury 2012, 43, 1657–1661. [CrossRef] [PubMed]

13. Rhyou, I.H.; Kim, Y.S. New mechanism of the posterior elbow dislocation. Knee Surg. Sports Traumatol. Arthrosc.
2012, 20, 2535–2541. [CrossRef] [PubMed]

14. Schnetzke, M.; Schuler, S.; Hoffend, J.; Simon, R.; Keil, H.; Porschke, F.; Studier-Fischer, S.; Grutzner, P.A.;
Guehring, T. Interobserver and intraobserver agreement of ligamentous injuries on conventional MRI after
simple elbow dislocation. BMC Musculoskelet. Disord. 2017, 18, 85. [CrossRef] [PubMed]

15. Lee, G.Y.; Kim, S.; Baek, S.H.; Jang, E.C.; Ha, Y.C. Accuracy of Magnetic Resonance Imaging and Computed
Tomography Arthrography in Diagnosing Acetabular Labral Tears and Chondral Lesions. Clin. Orthop. Surg.
2019, 11, 21–27. [CrossRef]

http://dx.doi.org/10.1007/s00402-009-0866-0
http://dx.doi.org/10.1016/j.jhsa.2015.04.029
http://dx.doi.org/10.1016/j.injury.2007.02.040
http://dx.doi.org/10.2106/00004623-198870020-00013
http://dx.doi.org/10.1016/j.jhsa.2013.05.014
http://dx.doi.org/10.2106/00004623-198769040-00018
http://dx.doi.org/10.2106/JBJS.J.00860
http://dx.doi.org/10.1155/2013/951397
http://dx.doi.org/10.1016/j.jhsa.2012.10.030
http://dx.doi.org/10.1007/s00117-013-2607-1
http://dx.doi.org/10.1007/s00330-011-2076-8
http://www.ncbi.nlm.nih.gov/pubmed/21318472
http://dx.doi.org/10.1016/j.injury.2012.04.023
http://www.ncbi.nlm.nih.gov/pubmed/22633695
http://dx.doi.org/10.1007/s00167-011-1872-7
http://www.ncbi.nlm.nih.gov/pubmed/22228377
http://dx.doi.org/10.1186/s12891-017-1451-2
http://www.ncbi.nlm.nih.gov/pubmed/28219360
http://dx.doi.org/10.4055/cios.2019.11.1.21


J. Clin. Med. 2020, 9, 3094 9 of 9

16. Kim, S.B.; Heo, Y.M.; Hwang, C.M.; Kim, T.G.; Hong, J.Y.; Won, Y.G.; Ham, C.U.; Min, Y.K.; Yi, J.W.
Reliability of the EOS Imaging System for Assessment of the Spinal and Pelvic Alignment in the Sagittal
Plane. Clin. Orthop. Surg. 2018, 10, 500–507. [CrossRef]

17. Carrino, J.A.; Morrison, W.B.; Zou, K.H.; Steffen, R.T.; Snearly, W.N.; Murray, P.M. Lateral ulnar collateral
ligament of the elbow: Optimization of evaluation with two-dimensional MR imaging. Radiology 2001, 218,
118–125. [CrossRef]

18. Carrino, J.A.; Morrison, W.B.; Zou, K.H.; Steffen, R.T.; Snearly, W.N.; Murray, P.M. Noncontrast MR imaging
and MR arthrography of the ulnar collateral ligament of the elbow: Prospective evaluation of two-dimensional
pulse sequences for detection of complete tears. Skelet. Radiol. 2001, 30, 625–632. [CrossRef]

19. Eygendaal, D.; Heijboer, M.P.; Obermann, W.R.; Rozing, P.M. Medial instability of the elbow: Findings on
valgus load radiography and MRI in 16 athletes. Acta Orthop. Scand. 2000, 71, 480–483. [CrossRef]

20. Chung, C.B.; Stanley, A.J.; Gentili, A. Magnetic resonance imaging of elbow instability.
Semin. Musculoskelet. Radiol. 2005, 9, 67–76. [CrossRef]

21. Abehsera, E.; Guerre, E.; Duriez, P.; El Rafei, M.; Fontaine, C.; Chantelot, C. Ligaments injuries check-up
and assessment of their healing potential in simple posterolateral elbow dislocation: About 25 cases. Eur. J.
Orthop. Surg. Traumatol. 2019, 29, 785–792. [CrossRef] [PubMed]

22. Josefsson, P.O.; Johnell, O.; Wendeberg, B. Ligamentous injuries in dislocations of the elbow joint. Clin. Orthop.
Relat. Res. 1987, 221–225. [CrossRef]

23. Armstrong, A. Simple Elbow Dislocation. Hand Clin. 2015, 31, 521–531. [CrossRef] [PubMed]
24. O’Driscoll, S.W.; Jupiter, J.B.; King, G.J.; Hotchkiss, R.N.; Morrey, B.F. The unstable elbow. Instr. Course

Lect.-Am. Acad. Orthop. Surg. 2001, 50, 89–102. [CrossRef]
25. Luokkala, T.; Temperley, D.; Basu, S.; Karjalainen, T.V.; Watts, A.C. Analysis of magnetic resonance

imaging-confirmed soft tissue injury pattern in simple elbow dislocations. J. Shoulder Elbow. Surg. 2019, 28,
341–348. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.4055/cios.2018.10.4.500
http://dx.doi.org/10.1148/radiology.218.1.r01ja52118
http://dx.doi.org/10.1007/s002560100396
http://dx.doi.org/10.1080/000164700317381171
http://dx.doi.org/10.1055/s-2005-867104
http://dx.doi.org/10.1007/s00590-019-02374-x
http://www.ncbi.nlm.nih.gov/pubmed/30649622
http://dx.doi.org/10.1097/00003086-198708000-00027
http://dx.doi.org/10.1016/j.hcl.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/26498542
http://dx.doi.org/10.2106/00004623-200005000-00013
http://dx.doi.org/10.1016/j.jse.2018.08.010
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Surgical Treatment 
	Radiological and MRI Analysis 
	Statistical Analysis 

	Results 
	Interobserver and Intraobserver Reliability 
	Unstable Group vs. Stable Group 

	Discussion 
	References

