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Background: Although anterior glenohumeral dislocations are common, the reduction procedure is often difficult, requiring sedation or
anesthesia. To date, the risk factors for reduction failure without sedation have not been fully investigated. This study aimed to clarify
the predictive factors that render the reduction of anterior glenohumeral dislocation without sedation difficult by use of multivariate
analyses.

Methods: We retrospectively reviewed 156 patients who underwent attempted reduction of anterior glenohumeral dislocation between
2006 and 2019. Patients were included based on the following criteria: traumatic dislocation, undergoing attempted reduction using the
traction-countertraction method, and acute dislocation in which reduction was attempted within 2 days of the injury. The dependent
variable was set as an irreducible glenohumeral dislocation without sedation, which was defined as a reduction failure in this study.
Explanatory variables included age, sex, side of injury, recurrent dislocation, axillary nerve injury, time from dislocation to attempted
reduction, greater tuberosity fracture, humeral neck fracture, glenoid rim fracture, and glenohumeral osteoarthritis. We evaluated these
outcomes from radiographs and clinical notes. Univariate and multivariate analyses were performed. Baseline variables, which were
observed to be significant in the univariate analysis, were included in multivariate models, which used logistic regression to identify
independent predictors of reduction failure.

Results: Of the 156 patients, 25 (16.0%) experienced reduction failure. Multivariate analyses showed that older age (>55 years) (odds
ratio [OR], 3.4; 95% confidence interval [CI], 1.1-10.4; P = .036), greater tuberosity fractures (OR, 3.6; 95% CI, 1.1-12.2; P = .033),
and glenoid rim fractures (OR, 11.5; 95% CI, 1.5-87.7; P = .018) were risk factors for reduction failure.

Conclusions: Our results demonstrated that multiple factors were associated with unsuccessful reduction of anterior glenohumeral
dislocation without sedation. In elderly patients or patients with concurrent greater tuberosity fractures and glenoid rim fractures, reduc-
tion failure could occur in the absence of sedation; thus, the administration of sedatives or anesthesia should be considered.

Level of evidence: Level III; Retrospective Cohort Comparison Using Large Database; Treatment Study
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There are various reduction maneuvers that can be
applied for anterior glenohumeral dislocation, and most
patients experience favorable reduction with these closed-
reduction maneuvers.””" In contrast, failed attempts may
further contribute to patients’ discomfort, increase the
requirement for hospital resources, and increase the risk of
complications such as neurovascular damage.'”*"*
Because muscle relaxation is considered crucial for the
success of closed reduction,37 reduction can be performed
under sedation or anesthesia. However, the use of sedation
has been reported to result in more complications, such as
nausea, vomiting, central nervous system depression, and
respiratory depression; a longer stay in the emergency
department; and higher costs.*”>?*? Although newer an-
esthetics, such as propofol and etomidate, have a quicker
onset and shorter half-life than traditional benzodiazepines,
these anesthetics reportedly have adverse effect rates as
high as 25%, including deeper sedation and myoclonus.”
Thus, reduction under sedation or anesthesia should be
kept to a minimum. Although reductions in atraumatic,
early (within 6 hours), and recurrent dislocations are
considered feasible without sedation,” the indications that
require sedation or anesthesia have not been well docu-
mented. Moreover, the time from dislocation to the first
attempted reduction has been similarly reported in 2 studies
as a factor affecting reduction success]’lg; however, other
factors are not yet fully understood.

This study aimed to clarify the predictive factors that
render the reduction of anterior glenohumeral dislocation
difficult in the absence of sedation by use of multivariate
analyses.

Materials and methods
Patients

This was a retrospective study that consisted of patients who
underwent attempted reduction of anterior glenohumeral disloca-
tion between April 2006 and December 2019. The study was
performed at a single general hospital in a city, and attempted
reduction was performed by 37 orthopedic surgeons. The inclu-
sion criteria included traumatic dislocation, undergoing attempted
reduction using the traction-countertraction method,” and acute
dislocation in which the reduction was attempted within 2 days of
the injury.

Reduction procedure

Reduction was initially attempted in all patients using the traction-
countertraction method without sedation. The patient was placed
in the supine position. The affected limb was pulled laterally while
an assistant applied counterforce by pulling on the axilla of the
affected side toward the unaffected side.’® Reduction was
attempted 3-4 times, and if a reduction position could not be
achieved, reduction was attempted under sedation by the intra-
venous administration of anesthetic agents, such as thiamylal or

propofol. If the reduction procedure was more challenging,
reduction was attempted under general anesthesia in the operating
room. Notably, open reduction was attempted if closed reduction
under general anesthesia was complicated.

Outcome measures

The dependent variable was set as an irreducible glenohumeral
dislocation in the absence of sedation, which was defined as a
reduction failure in this study. Explanatory variables included age,
sex, affected side of the shoulder, recurrent dislocation, axillary
nerve injury, time from dislocation to the first attempted reduction,
greater tuberosity fracture, humeral neck fracture, glenoid rim
fracture, and glenohumeral joint osteoarthritis. A single examiner
evaluated the clinical notes and plain radiograph images obtained
before and after reduction.

Statistical analysis

All statistical analyses were conducted using the SPSS software
program (version 26.0; IBM, Armonk, NY, USA). In univariate
analyses, the Student ¢ test was used to compare the average of
continuous values (age and time from dislocation to the first
attempted reduction) whereas the Fisher exact test was used to
compare the proportion of discrete variables (sex, side of injury,
recurrent dislocation, axillary nerve injury, type of concurrent
fracture, and osteoarthritis). Baseline variables with P < .05 in the
univariate analyses were included in the multivariate models.
Multivariate analyses were performed using logistic regression
analysis to identify the independent predictors of reduction failure.
Regression model fit was estimated with the Hosmer-Lemeshow
goodness-of-fit test. Furthermore, we developed a logistic
regression equation for independent predictors derived from lo-
gistic regression analyses; in addition, we estimated the proba-
bility of reduction failure for each combination of predictors based

on a previous study.”” The threshold for significance was P < .05.

Results

In this study, we identified 156 patients (82 male and 74
female patients) who met the criteria. The mean age of the
patients at the time of injury was 52.2 + 25.6 years (range,
14-94 years). The injured side was the right in 80 patients
and the left in 76. The mean time from injury to the first
attempted reduction was 0.04 £ 0.25 days (median, O days;
range, 0-2 days). Axillary nerve palsy was observed in 7
patients (4.5%), all of whom had only mild sensory palsy.
Moreover, 28 patients (17.9%) had greater tuberosity
fracture complications, 8 (5.1%) experienced humeral neck
fractures, and 5 (3.2%) experienced glenoid rim fractures
(Table I).

In total, 131 patients (84.0%) underwent successful
reduction without sedation. Twenty-one patients were
subjected to intravenous anesthetic sedation. Reduction
(closed reduction) under general anesthesia was not feasible
in any patient, and open reduction was required in 4 pa-
tients. Complications such as iatrogenic nerve injury were
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Table I  Patient demographic characteristics
Characteristic Data (N = 156)
Age, yr 52.2 £ 25.6
Sex: male 82 (52.6)
Affected side: right 80 (51.3)
Recurrent dislocation 53 (34.0)
Axillary nerve injury 7 (4.5)
Time from injury to first 0.04 £+ 0.25

reduction attempt, days

Greater tuberosity fracture 28 (17.9)
Humeral neck fracture 8 (5.1)
Glenoid rim fracture 5 (3.2)
Glenohumeral OA 4 (2.6)
Reduction success without sedation 131 (84.0)
Reduction success with sedation 21 (13.5)
Reduction success with general 0 (0)
anesthesia
Open reduction 4 (2.6)

0A, osteoarthritis.
Data are presented as mean =+ standard deviation or number of pa-
tients (percentage).

not observed in all patients; however, the humeral head was
left in the axillary region after reduction in 1 patient, thus
requiring open reduction—internal fixation. In addition,
complications associated with anesthesia administration
were not observed in patients who underwent sedation or
general anesthesia.

In the univariate analysis, older age (P <.001), recurrent
dislocation (P = .011), greater tuberosity fractures
(P <.001), humeral neck fractures (P =.023), and glenoid

Table II  Univariate predictors of reduction failure
Variable Univariate predictor
Reduction Reduction P value
failure success
(n = 25) (n = 131)
Age, yr 69.4 + 19.4 49.0 £ 25.3 <.001
Sex: male 13 69 >.999
Affected side: right 12 68 .828
Recurrent dislocation 3 50 .011
Axillary nerve injury 1 6 >.999
Time from injury to 0.16 & 0.54 0.02 £ 0.12 .205
attempted
reduction, days
Greater tuberosity 11 17 <.001
fracture
Humeral neck fracture 4 4 .023
Glenoid rim fracture 3 2 .030
Glenohumeral OA 2 2 121

0A, osteoarthritis.
Data are presented as mean =+ standard deviation or number of
patients.

rim fractures (P = .030) were significantly associated with
reduction failure (Table II). In this study, we generated
receiver operating characteristic curves for the relationship
between age and the presence or absence of reduction
failure during univariate analyses to determine the optimal
cutoff value to define “‘older age” (Supplementary Fig. S1).
Consequently, we selected age > 55 years as the cutoff
value for older age.

Multivariate analyses showed that older age (>55 years)
(odds ratio [OR], 3.4; 95% confidence interval [CI], 1.1-
10.4; P =.036), greater tuberosity fractures (OR, 3.6; 95%
CI, 1.1-12.2; P = .033), and glenoid rim fractures (OR,
11.5; 95% CI, 1.5-87.7; P = .018) were risk factors for
reduction failure without sedation (Table III). The Hosmer-
Lemeshow goodness-of-fit test showed no significant de-
parture from good model fit (P = .339). Reduction was
achieved under sedation in 8 of 11 reduction failure patients
with greater tuberosity fractures (72.7%) and 3 of 4
reduction failure patients with glenoid rim fractures
(75.0%).

We constructed an algorithm to determine the predicted
probability of reduction failure based on 8 possible com-
binations (2 x 2 x 2) of the 3 binary independent multi-
variate predictors (Table IV). For example, a 60-year-old
male patient in whom concomitant greater tuberosity
fractures and glenoid rim fractures developed had a 90.2%
predicted probability of reduction failure without sedation.

Complications of greater tuberosity fractures and neck
fractures similarly developed in 3 of the 4 patients who
required open reduction; they underwent osteosynthesis or
humeral head replacement in addition to open reduction.
One elderly patient experienced massive rotator cuff tears,
and rotator cuff repair with suture anchors was performed
in addition to reduction (Table V).

Discussion

This study showed that glenohumeral dislocations were
successfully reduced in 84.0% of the dislocated cases by
use of the traction-countertraction method without sedation
and that older age, greater tuberosity fractures, and glenoid
rim fractures were the risk factors for reduction failure.
This study provides new information on the predictive
factors affecting the failure of reduction in anterior gleno-
humeral dislocation.

Previous studies have reported a success rate of 70%-
100% for the reduction of anterior glenohumeral
dislocations,””*%-2428:30:32.:33.384548 * and our results are
consistent with these previous reports. The time interval
from injury to the first attempted reduction has been
reported in 2 studies as a factor significantly affecting
reduction success. "’ However, a significant association
was not observed between the time from injury to the first
attempted reduction and reduction success in our study.
Other reported factors affecting reduction success are the
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Table III  Multivariate predictors of reduction failure
Variable Multivariate predictor
OR (95% CI) P value

Older age (>55 yr) 3.4 (1.1-10.4) .036
Recurrent dislocation 0.5 (0.1-2.2) .342
Greater tuberosity fracture 3.6 (1.1-12.2) .033
Humeral neck fracture 1.2 (0.2-7.1) .822
Glenoid rim fracture 11.5 (1.5-87.7) .018

OR, odd ratio; (I, confidence interval.

reduction method and low pain level on admission to the
emergency department.’ Besides these factors, our study
identified older age, presence of greater tuberosity frac-
tures, and presence of glenoid rim fractures as factors
contributing to reduction failure. Conversely, previous
studies have reported that sex and recurrent dislocation had
no significant association with reduction success,'” which
was consistent with the results obtained in this study.

In this study, older age was significantly associated with
an increased incidence of reduction failure in this study.
Although the mean age of patients included in this study
was relatively high for glenohumeral instability, age > 55
years was detected as a risk factor for failure of reduction.
To date, there have been no reports showing a direct as-
sociation between age and reduction failure. As a charac-
teristic of glenohumeral dislocation in elderly patients,
rotator cuff tears are known to be associated with a high
incidence rate.'”'"*** The rotator cuff is thought to
contribute to the stability of the glenohumeral joint because
the compressive force applied to the glenoid by the rotator
cuff tendon maintains the humeral head centered on the
glenoid.”’ These reports raised the possibility that the
presence of rotator cuff tears in elderly patients affects
reduction failure; however, further research will be needed
to establish this hypothesis.

We found that glenohumeral dislocations were irreduc-
ible without sedation in 44% of patients with concurrent

Table IV Algorithm for probability of reduction failure

Multivariate predictor Predicted

Older age Greater Glenoid rim probab'mty of

(=55 yr) tuberosity fracture reduction
fracture failure, %

Yes Yes Yes 90.2

Yes Yes No 46.5

Yes No Yes 66.2

Yes No No 16.4

i Yes Yes 69.2

No Yes No 18.4

No No Yes 32.3

No No No 4.6

greater tuberosity fractures, and a significant association
between these fractures and reduction failure was observed.
Anterior glenohumeral dislocation with greater tuberosity
fractures is less likely to present with recurrent instability
after reduction,'* but the presence of greater tuberosity
fractures has been reported as a factor preventing reduction
in cases of irreducible anterior glenohumeral
dislocation. > #19:16:18:31.34.3942 Tnternosition of the long
head of the biceps (LHB) tendon has been reported as the
most common cause of irreducible anterior glenohumeral
dislocation,34 and posterolateral subluxation of the
LHB can occur when the displaced humeral head is medial
to the coracoid process or if a large greater tuberosity
fracture coexists with >1 cm of displacement from the
humeral head.”® Thus, in patients with concurrent greater
tuberosity fractures, posterolateral subluxation of the LHB
arises, which could inhibit the reduction. As 94% of ante-
rior glenohumeral dislocations with greater tuberosity
fractures can be reduced with sedation,” reduction under
sedation would also need to be taken into consideration,
particularly in patients with greater tuberosity fractures.

In addition, reduction of dislocations was difficult in
60% of patients with glenoid rim fracture complications,
and this was also found to be significantly associated with
the occurrence of reduction failure. The intra-articular
interposition of fragments of the anterior inferior glenoid
rim reportedly hinders the reduction of dislocations.”’ In
addition, bone defects caused by glenoid rim fractures are
known to cause anterior glenohumeral instability and
anterior subluxation,”'’*” which raises the possibility that
even if the humeral head were reduced, the humeral head
cannot remain centered on the glenoid, thus making
reduction challenging. In this study, irreducible anterior
glenohumeral dislocation with glenoid rim fractures could
also be reduced at a high rate using sedation; hence,
reduction under sedation should be considered a feasible
option in patients with glenoid rim fractures.

There are 3 major limitations to this study. First, because
this was an observational study, it could have been affected
by residual confounding due to bias caused by unmeasured
factors between groups. For example, although reduction in
this study was attempted by 37 orthopedic surgeons, the
effect of surgeon or assistant competence was not evalu-
ated. Additionally, patients in whom a traction-
countertraction method was performed were extracted by
reviewing procedure notes on the reduction method; how-
ever, there is still a possibility of inconsistency across the
reduction procedures performed by the surgeons, leading to
the possibility of bias. Second, because this study only
included patients who underwent reduction using the
traction-countertraction maneuver, it may not be applicable
to other methods of dislocation reduction. Third, the mean
age in this cohort study was 52 years and was relatively old
for glenohumeral dislocation. Because this study was con-
ducted in an emergency hospital, the target patients were
more often transported to the emergency department, and
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Table V  Details of patients requiring open reduction

Age, yr/sex Time to Associated bone lesion Intraoperative findings observed
reduction,
days
84/F 2 = Complete tear of subscapularis, supraspinatus,
and infraspinatus
59/M 0 Greater tuberosity fracture and humeral neck Interposition of long head of biceps tendon
fracture
59/M 0 Greater tuberosity fracture and humeral neck Humeral head left in axillary region
fracture
87/F 0 Greater tuberosity fracture and humeral neck Torn long head of biceps tendon
fracture

F, female; M, male.

shoulder dislocation: a prospective randomized trial and analysis of
factors affecting success. J Shoulder Elbow Surg 2012;21:1443-9.
https://doi.org/10.1016/j.jse.2012.01.004

2. Amroodi MN. Irreducible anterior shoulder dislocation associated

there were fewer walk-in patients. This fact might be a
reason that the mean age in this cohort study was relatively
higher than the age of typical patients experiencing anterior
glenohumeral dislocation. The older age of this cohort with displaced fracture of the greater tuberosity: an analysis of seven
could possibly influence the present results, and this may cases. Shafa Orthop J 2015;2:10-4. https://doi.org/10.17795/50j-4023
decrease the generalizability of the study findings. 3. Aston JW Jr, Gregory CF. Dislocation of the shoulder with significant

Conclusion

Our results demonstrated that multiple factors were
associated with unsuccessful reduction of anterior gle-
nohumeral dislocation without sedation. In elderly pa-
tients or patients with concurrent greater tuberosity
fractures and glenoid rim fractures, reduction failure
could occur in the absence of sedation; thus, the
administration of sedatives or anesthesia should be
considered.
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