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Objective: To determine the sensitivity and specificity of low frequency US in the diagnosis of shoulder
dislocation and its proper reduction in the emergency department (ED).
Methods: In a prospective observational study 84 patients, suspicious of shoulder dislocation, were
enrolled in our study. In ED, they all underwent low frequency (curve) probe US examination by the
emergency physician at the time of admission. Standard radiographies of their shoulder joints were
taken later and then reported by the attending radiologist. As soon as the shoulder dislocation was
confirmed, reduction of the joint was done under procedural sedation and analgesia. US and radiography
of the relocated joint were taken for the second time. The sensitivity and specificity of low frequency US
were compared with radiography by the appropriate statistical analysis.
Results: In comparison to radiography, US had a sensitivity of 100.0%, specificity of 80.0%, positive pre-
dictive value of 98.7%, and negative predictive value of 100.0% in diagnosis of shoulder dislocation. The
specificity of US in diagnosis of proper reduction of the joint, was estimated to be 98.7% with a negative
predictive value of 100.0%. US took a significantly less time than radiography to be performed (p < 0.001).
Conclusions: Low frequency US is highly accurate in diagnosing shoulder dislocation and its proper
reduction. Thus it might be a good substitute for radiography in these situations.
Copyright © 2017 The Emergency Medicine Association of Turkey. Production and hosting by Elsevier B.V.
on behalf of the Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Shoulder dislocation is a true emergency. In most emergency
departments (EDs), its diagnosis is initially confirmed by radiog-

The glenohumeral joint is the most commonly dislocate major
joint in the body. Most shoulder dislocations are anterior."? The
incidence of shoulder dislocation is estimated to be 17 per 100000
annually and two distinct age and gender peaks have been reported
to be affected the most, first in men 20—30 years of age and the
second in older women.>
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raphy. In almost all cases pre-reduction X-rays are necessary. Ul-
trasound (US) can save time in this procedure, because it is ready
and accessible. US does not have the risk of exposing to radiation
induced by other imaging modalities.

Physicians usually require X-rays of the joint before and after the
reduction.” There are some reasons behind this order: dislocation
confirmation, concomitant fracture diagnosis, appropriate reduc-
tion and finding new fractures after reduction.” Recent evidence
about taking radiography of the dislocated shoulder joint seems
controversial.” % Some of these studies have recommended that
physicians could omit unnecessary pre and post-reduction X-rays,
which cause extra expense, radiation and prolong ED stay.’

Most previous studies have used high frequency linear probe in
shoulder US. In this study, we decided to use low frequency US in
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the diagnosis of shoulder dislocation and its proper reduction. Low
frequency US probe seems to be especially more helpful in shoulder
dislocation and in muscular patients. If US has a good sensitivity
and specificity comparing to radiography, we could substitute this
rapid and easy modality with X-rays.

2. Materials and methods
2.1. Participants and study design

This was a prospective observational and diagnostic accuracy
study. All patients with the history and clinical suspicion of
shoulder dislocation, who were admitted to the EDs of 2 university
hospitals, were enrolled in our study. This study was performed
during one year, from April 2014 to April 2015. The study was
approved by the ethics committee of university. All patients were
required to read informed consent letter and signed it if they
accepted to participate in our study.

Our inclusion criteria were: patients older than 16 years old,
with clinical suspicion of shoulder dislocation of any kind, induced
by any reason (trauma or spontaneously), who were admitted to
the EDs of two tertiary referral hospitals. The exclusion criteria
were: pregnant patients, patients with depressed level of con-
sciousness or ones who needed emergent surgical operation like
laparotomy.

Patients who met the inclusion criteria, underwent US

examination by an emergency medicine (EM) faculty or a chief
resident who passed a 6-h training course of US examination in
shoulder dislocation by the chief investigator (EM attending
physician). They passed a 2-month-pilot course on real patients in
order to gain enough experience and skill in normal and abnormal
shoulder US.

We used the low frequency (curve) US probe (Sonosite M-Turbo,
C 3—5 MHz probe) and put it horizontally on the posterior rim of
shoulder joint with its marker pointing towards patient's lateral.
The method we used for joint US and the results are shown in Fig. 1.

Whatever the US result, all patients underwent an X-ray of their
joint before reduction. This pre-reduction standard radiography
helped the responsible physician to diagnose joint dislocation and
detect any associated fractures. The results of X-rays were reported
by the attending of radiology with delay. EM faculties and chief
residents were blinded to the X-ray results.

After that the dislocation was confirmed, PSA was done and
reduction of the joint was attempted. Both the US and radiography
were repeated after the reduction.

2.2. Primary and secondary outcomes

Our primary outcome was determining the diagnostic accuracy
of US using low frequency transducer in diagnosing shoulder. Our
secondary outcome was comparison of the time spent in the 2
techniques.

Proximal

Distal

Low frequency probe was put horizontally on the posterior rim of shoulder joint with its marker pointing towards
patient’s lateral.

Distal

Normal alignment of glenohumeral joint. The black arrow
shows glenoid articular surface and the white arrow shows
the head of humerus.

Anterior dislocation of glenohumeral joint. As it is shown
the humerus head (white arrow) is displaced anteriorly
and it is not in the glenoid fossa (black arrow).

Fig. 1. Shoulder joint ultrasound exam.
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Table 1
Comparison of ultrasound versus radiography.
Ultrasound Radiology
Dislocation before reduction Yes 80 79
(Total number of patients: 84) No 4 5
Fracture before reduction Yes 1 1
(Total number of patients: 84) No 83 83
Persistent dislocation after reduction Yes 1 0
(Total number of patients: 79) No 78 79
New fracture after reduction Yes 0 0
(Total number of patients: 79) No 79 79

2.3. Statistical analysis and sample size calculation

We enrolled all the patients with shoulder dislocation who met
our inclusion criteria and were admitted to the EDs of the two
tertiary referral hospitals mentioned, during one year. In order to
have a sensitivity of 90% with the accuracy rate of 7%, we needed 80
patients to be enrolled in our study (considering 90% prevalence of
shoulder dislocation in this population).

The data are presented as mean values or proportions, and
differences in these values are presented with accompanying 95%
confidence intervals (95% Cls). Variables were tested for normality
(Kolmogorov—Smirnov test) before analysis. Analytical statistical
tests included the unpaired, two-tailed t-test for continuous nor-
mally distributed data and the Mann—Whitney U test for non-
normal and ordinal data. The chi-square and Fisher's exact tests
were used to compare proportions of the qualitative variables.
Diagnostic factors of US and radiography were analyzed by Cross
tabulation and their sensitivity and specificity were calculated. The
level of significance was 0.05. SPSS for Windows software (version
22) was used for all data analysis.

3. Results

During a year 84 patients were enrolled in our study. None of
them had the exclusion criteria. Finally, 79 patients had shoulder
dislocation and all of them were anterior. The mean + SD age of
patients was 35.9 + 15.7 years old and 70 patients (83.3%) were
male. The mechanisms of shoulder dislocation were direct trauma
(29.7%), falling (34.5%), motor vehicle collision (5.9%) and sponta-
neous dislocation (29.7%).

Most of the dislocated joints were reduced with the traction-
countertraction method (54 cases 68.7%). The rest were reduced
by other methods; scapula manipulation in 7 cases (8.7%), Stimson
technique in 4 cases (5%) and external rotation in 14 cases (17.6%).

First US examination (before reduction) detected anterior
shoulder dislocation in 80 patients (95.2%). US found associated
fractures in only one case (1.2%). The mean time from admission to
the 1st US examination was 7.19 + 4.54 min. One of the cases whom

US was compatible with anterior shoulder dislocation, had no pa-
thology in radiography (this was falsely positive in US).

First radiography detected shoulder dislocation in 79 patients
(94%) and all of them was anterior type. Radiography found asso-
ciated fractures in only one case (1.2%). The mean time from
admission to taking the 1st radiography was 20.80 + 8.83 min.

The mean time from admission to the 1st US examination was
significantly less than the time to taking radiography (p < 0.001).

Second US examination (after reduction) confirmed proper
shoulder reduction in 78 out of 79 patients (98.7%). New fractures
were not found in any cases after reduction. US reported reduction
failure in one case which was not compatible with the radiography
result. The mean time from shoulder reduction to the 2nd US ex-
amination was 4.4 + 2.5 min.

Second radiography (after reduction) confirmed proper shoul-
der reduction in all 79 patients (100%). New fractures were not
found in any cases after reduction. None of the cases needed
repeated attempt for reduction. The mean time from shoulder
reduction to taking the 2nd radiography was 18.3 + 8.3 min.

The mean time from reduction to the 2nd US examination was
significantly less than the time to taking radiography (p < 0.001).

Table 1 shows these results in detail.

Table 2 shows the value of US in our study.

4. Discussion

Our study showed that low frequency US could be a good mo-
dality in the diagnosis of shoulder dislocation and associated frac-
tures both in pre-reduction and post-reduction situations. The
study declared that US might be an acceptable substitute for radi-
ography because of its high accuracy in these conditions. The
greater significance may be time savings and allowing for results to
be obtained prior to sedation wearing off.

US possesses multiple significant advantages over radiography.
First, this modality is cheap, portable and accessible in detection of
shoulder dislocation. Second, it does not have the radiation expo-
sure seen in X-rays. Third, it is a safe method in situations where X-
rays are forbidden like in pregnancy or some active cancers. Fourth,
as it is shown in our study, US has the superiority of time saving in
contrast to radiography.

Reviewing literature, we found that most similar studies used
curvilinear probe. US appeared to have different sensitivity and
specificity in these studies.

Ahmadi et al., in 2016 compared the 2 modalities in diagnosis of
proper shoulder reduction. They found that US detected persistent
dislocation of the shoulder joint by a sensitivity of 53.8% and a
specificity of 100%. They showed that US might be inadequate for
this evaluation.'”

Akyol et al., in 2016 evaluated 103 patients with suspicion of
shoulder dislocation. They reported that US had a good sensitivity

Table 2
Validity of ultrasound in detection of shoulder dislocation and accompanying fractures both before and after shoulder reduction.
Value Sensitivity Specificity Negative Positive Positive predictive Negative predictive
likelihood ratio likelihood ratio value value
Pre-reduction dislocation diagnosis 100.0% (95% 80.0% (95% N/A 5.0 (95% ci: 98.7% (95% 100.0% (95%
CI: 95.4-N/AP) Cl: 28.3-99.4) 0.8—-28.8) Cl: 93.2-99.9) CI: 39.7-N/A)
Pre-reduction fracture diagnosis 100.0% (95% 100.0% (95% N/A) N/A 100.0% (95% 100.0% (95%
CI: 2.5-N/A) CI: 95.6-N/A) Cl: 2.5-N/A) CI: 95.6-N/A)
Persistent dislocation after reduction N/A 98.7% (95% N/A N/A 0.0% (95% 100.0% (95%
Cl: 93.1-99.9) CI: N/A-97.5) CI: 95.3-N/A)
Post-reduction new fracture diagnosis N/A 100.0% (95% N/A N/A N/A 100.0% (95%
CI: 95.4-N/A) CI: 95.4-N/A)

2 Confidence interval (95% ClI) is shown in parenthesis.
b This calculation was not possible because of the small number of patients.
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and specificity (100%—100% respectively) in diagnosis of shoulder
dislocation. It also had an acceptable specificity (84.2%) in detection
of associated fractures.'!

In a similar study in 2013, Abbasi et al., showed that US had 100%
sensitivity in both the diagnosis of shoulder dislocation and the
appropriate reduction.'?

Simao et al., in 2012 evaluated 56 patients with chronic anterior
instability of shoulder joint and they concluded that US had a
sensitivity of 20—100% and a specificity of 80—100% in diagnosis of
this problem. They also reported that MRI had a sensitivity of
80—100% and a specificity of 50—100% in comparison to US.">

4.1. Limitations of the study

One of our limitation was the small sample size. Further studies
with larger sample sizes are needed to accurately determine US
validity in the diagnosis of shoulder dislocation. All dislocations
were anterior so the results could not be extended to posterior
dislocations. There were very few overall fractures, which limited
the ability to assess bedside ultrasound's ability to evaluate for this.
Our sampling was convenience sample thus the other limitation
included selection bias. Shoulder dislocation is also a clinical
diagnosis. An experienced physician can diagnose a patient with
shoulder dislocation without having an X-ray or ultrasonography.
This problem can cause deterioration in blinding of operator and
therefore the operator is always prone to bias.

5. Conclusion

This study revealed that low frequency US had an acceptable
accuracy in the diagnosis of shoulder dislocation. It might be a good
substitute for radiology in this purpose.
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