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Purpose: To describe patient-reported outcomes following simple elbow dislocation and to identify the
baseline factors that predict outcomes.

Methods: Adult patients treated with a closed reduction for a simple elbow dislocation with or without
minor fracture (coronoid avulsion, radial head fracture, or epicondyle avulsion) from 2000 to 2018
completed outcome instruments including Disabilities of the Arm, Shoulder and Hand (QuickDASH) via

gﬁi’ WO;‘_jsl’ . Research Electronic Data Capture. Descriptive statistics were calculated. Univariate followed by multi-
QuiszDAlsSHoca fon variate Tobit regression models were used to determine factors associated with clinical outcomes on

QuickDASH. Social deprivation was measured using the Area Deprivation Index. Patients with additional
upper-extremity injuries or associated major fractures (Monteggia or terrible triad injuries, distal hu-
merus fractures, etc) were excluded.

Results: At a mean follow-up of 67.5 months, 95% (38/40) of patients reported satisfaction with treat-
ment, and clinical outcomes were good (QuickDASH 9.0 + 14.8). Univariate analysis showed that higher
Area Deprivation Index, older age, female sex, high-energy mechanism of injury, and worker’s
compensation (WC) or Medicare insurance status (vs commercial) was associated with significantly
worse QuickDASH scores at follow-up. Early therapy, dominant elbow involvement, presence of minor
fractures (minimally displaced radial head, coronoid tip, or epicondylar avulsion fractures), race, and
treating service did not influence outcomes in univariate analyses. Multivariate analysis demonstrated a
significant association between increased social deprivation, WC insurance, and Medicare insurance and
worse QuickDASH scores while controlling for new upper-extremity injury, age, sex, and mechanism of
injury.

Conclusions: Outcomes and treatment satisfaction following simple elbow dislocation are generally good
but are significantly worse for the patients with greater levels of social deprivation and WC or Medicare
insurance. Although surgeons should be aware of the possibility that specific subsets of patients may
benefit from early therapy, this factor did not appear to influence long-term outcomes in this small
cohort.

Type of study/level of evidence: Prognostic III.
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Elbow dislocations are common injuries, with an estimated
incidence of 5.2—6.1 per 100,000 person-years. > Patient-reported
outcomes (PROs) following the dislocation of the elbow with or

without associated fractures are frequently quite good, as demon-
strated by multiple studies.*~” However, this type of injury is not
benign as subsets of patients experience a poor functional outcome
and many have elbow stiffness even in long-term follow-up.*
Although multiple studies have used PRO instruments to evaluate
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elbow dislocation outcomes, including the abbreviated version of
the Disabilities of the Arm, Shoulder and Hand (QuickDASH), it
remains unclear whether specific patient or injury factors are
associated with predicting a poor versus good functional outcome
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for this type of injury.*'° Clinically, such information would be
helpful to identify which patients may be at risk of a poor outcome
at the onset of treatment.

The biopsychosocial model, which captures the interplay be-
tween patients’ perceived disability or function and psychological
factors such as pain interference, coping skills, resiliency, depres-
sion, and social deprivation, is well-established for a wide array of
upper-extremity conditions.'' 2! Social deprivation is a surrogate
for these biopsychosocial factors, in which greater social depriva-
tion has been associated with greater patient-reported disability,
anxiety, pain interference, and depression among orthopedic pa-
tients, including those recovering from upper-extremity
fracture.”>~?’ Additionally, biopsychosocial factors have been
associated with worse PROs in the early recovery period following
distal radius fracture, thumb carpometacarpal arthroplasty, and a
variety of elective upper-extremity surgeries.’?®>° Although
possibly related to outcomes, these factors have not been studied in
the context of elbow dislocation.

The primary purpose of this study was to describe outcomes
following closed reduction of simple elbow dislocations and to
compare those outcomes between patients who did and did not
have early hand therapy. The QuickDASH was used as the primary
measure of upper-extremity function, and biopsychosocial factors
were measured using the 2015 Area Deprivation Index (ADI) as an
indicator of social deprivation and the Brief Resiliency Scale
(BRS).?>30 The secondary purpose was to evaluate whether patient-
or injury-specific variables, including social deprivation, were
associated with the QuickDASH outcome at final follow-up. We
hypothesized that there would be little difference between those
who did and did not have early hand therapy and that the outcomes
would generally be good, although influenced by injury and patient
variables.

Materials and Methods

This retrospective study was approved by the institution insti-
tutional review board of University of Utah. Patients treated with
closed reduction of simple posterolateral elbow dislocations at a
single tertiary level 1 academic institution were retrospectively
identified electronically by Current Procedural Terminology codes
(24600, 24605). Patients with simple dislocation and those with a
dislocation accompanied by minor fracture (type I coronoid avul-
sion, nondisplaced or minimally displaced radial head fracture, or
epicondyle avulsion) were included. Patients with a dislocation and
a major fracture (ie, terrible triad or Monteggia injuries, olecranon/
ulna fracture, operative radial head/neck fracture, or distal humerus
fracture) and those aged <18 years at the time of injury were
excluded. Patients who sustained an additional ipsilateral or
contralateral upper-extremity injury at the time of their dislocation
and those who did not speak English were also excluded. One
author (A.V.) reviewed the injury radiographs while they were
blinded to the treatment received and outcomes.

All elbow dislocations were reduced in the emergency
department with conscious sedation, and then they were
immobilized in a posterior slab orthosis. Postreduction radio-
graphs were obtained to verify the adequate reduction. Reduc-
tion was performed by an orthopedic consultant or resident. All
patients were immobilized following reduction. Postreduction
radiographs were reviewed by A.S.vdH. to verify the concentric
reduction. The patients were seen in the clinic approximately 2
weeks after the injury by an orthopedic hand surgeon, shoulder
and elbow surgeon, or trauma surgeon or by a nonsurgical sports
medicine physician. At this visit, immobilization was dis-
continued, and the treating physician determined whether or not
the patient was referred for therapy (based on each provider’s

Figure. Representative illustration from the questionnaire designed to allow patients
to estimate their current elbow range of motion. This illustration was used to estimate
the degree of flexion. A represents “normal” flexion or 160°. B represents 125° of
flexion. C represents 90° of flexion. D represents <90° of flexion.

standard protocol). Therapy attendance was confirmed by the
presence of therapy notes.

The patients who met the criteria for inclusion in the study were
first contacted via a letter that allowed them to opt out of the study.
Any patient who did not opt out of the study was then contacted by
email with a link for a Research Electronic Data Capture survey. The
survey included general questions about their injury and de-
mographics, whether they sustained a subsequent injury to the
same extremity after the initial dislocation, QuickDASH, and BRS.
The QuickDASH scores ranged from 0 to 100, and higher scores
indicated a higher level of perceived disability. The BRS was a 5-
question survey designed to measure a patient’s resiliency or
ability to cope with difficulties. Higher BRS scores indicated higher
resiliency. The patients were also asked to estimate the current
elbow range of motion using illustrations of elbow positions (Fig.).
Several studies have shown that the visual assessment of elbow
range of motion has a high validity compared with clinical goni-
ometer measurements; however, the use of these specific illustra-
tions has not been validated in the current literature' >3
Satisfaction with the treatment outcome was queried using a bi-
nary Yes/No question asking, “Are you satisfied with your elbow
dislocation treatment?” and using a 100-point visual analog scale
to measure satisfaction. The patients who did not complete the
survey were contacted via telephone. A total of 3 emails and 3
telephone calls were made as needed. If no contact was established
after these efforts, the patient was deemed lost to follow-up.

To measure social deprivation for each patient, we used the ADI
for each patient. The ADI was obtained using the 9-digit zip code for
each patient.>* The ADI encompasses socioeconomic status iden-
tified using geographic deprivation indices obtained from census
data, and it has been used in public health studies as a
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Table 1
Demographics and Baseline Patient Characteristics
Variable Total (N = 40) Control (N = 13) Treatment (N = 27) P Value
Age at injury, mean + SD 36.8 + 14.1 412+ 128 347 + 144 17
Sex, n (%) 44
Female 22 (55.0%) 6 (46.2%) 16 (59.3%)
Male 18 (45.0%) 7 (53.8%) 11 (40.7%)
Race, n (%) .68
Asian 1(2.5%) 0 (0.0%) 1(3.7%)
Caucasian 37 (92.5%) 12 (92.3%) 25 (92.6%)
Other 2 (5.0%) 1(7.7%) 1(3.7%)
Hand dominance, n (%) .52
Left 7 (17.5%) 3(23.1%) 4(14.8%)
Right 33 (82.5%) 10 (76.9%) 23 (85.2%)
Affected elbow, n (%) 44
Left 22 (55.0%) 6 (46.2%) 16 (59.3%)
Right 18 (45.0%) 7 (53.8%) 11 (40.7%)
Mechanism of injury, n (%) 22
Low energy 19 (47.5%) 8 (61.5%) 11 (40.7%)
High energy 21 (52.5%) 5 (38.5%) 16 (59.3%)
Injury, n (%) .75
Simple 26 (65.0%) 8 (61.5%) 18 (66.7%)
Minor fracture 14 (35.0%) 5(38.5%) 9 (33.3%)
Specialty of treating physician, n (%) 81
Ortho hand 19 (47.5%) 5 (38.5%) 14 (51.9%)
Ortho shoulder/elbow 4 (10.0%) 2 (15.4%) 2 (7.4%)
Ortho trauma 8 (20.0%) 3(23.1%) 5 (18.5%)
Nonsurgical 9 (22.5%) 3(23.1%) 6 (22.2%)
New injuries to same extremity, n (%) .95
No 31 (77.5%) 10 (76.9%) 21 (77.8%)
Yes 9 (22.5%) 3(23.1%) 6 (22.2%)
Required late therapy, n (%) .50
No 36 (94.7%) 10 (90.9%) 26 (96.3%)
Yes 2 (5.3%) 1(9.1%) 1(3.7%)
Insurance status, n (%) 74
Private 30 (75.0%) 9 (69.2%) 21 (77.8%)
Medicare 1(2.5%) 0 (0.0%) 1(3.7%)
Medicaid 0 (0.0%) 0 (0.0%) 0 (0.0%)
WC 4 (10.0%) 2 (15.4%) 2 (7.4%)
Uninsured 5(12.5%) 2 (15.4%) 3(11.1%)
ADI (state), mean + SD 4.07 + 2.68 5.15 +2.97 3.56 + 242 .08
ADI (national), mean + SD 30.7 +21.2 382 +24.7 27.1 £ 18.7 12
measurement of economic and social characteristics of a Results

neighborhood.>* 36

A power analysis was performed a priori to detect a clinically
relevant difference in final QuickDASH scores between a treatment
cohort that received early hand therapy within 3 weeks of injury
and a control cohort that did not receive early therapy. A minimal
clinically important difference of 14 points on the QuickDASH was
used for this power calculation, revealing that a total of 27 patients
in the treatment cohort and 13 patients in the control cohort were
needed.>” These sample sizes were based on a goal of achieving 80%
power at a 2-tailed 0.05 level of statistical significance.

Continuous variables were compared using a t test, and cate-
gorical variables were compared using chi-square test or Fisher
exact test as appropriate. To test associations with the QuickDASH
outcome score, we used separate univariate Tobit regression
models for each possible factor. The Tobit model was used due to
the ceiling effect observed for the QuickDASH outcome.>®>° Our
Tobit regression results could be interpreted similarly to a con-
ventional linear regression model, indicating a mean increase in
QuickDASH for each unit increase in a continuous predictor. For
categorical predictor variables, the Tobit model reported the
average increase in QuickDASH for each level of the variable relative
to its reference level. The regression coefficients, 95% confidence
intervals, and P values were reported for each factor. A multivariate
Tobit regression model was used to identify associations between
QuickDASH and predictors that were found to be significant in the
univariate analysis.

We identified 118 patients who sustained a simple elbow
dislocation or dislocation with a minor associated fracture from
2000 to 2018, and who met the inclusion criteria for the study.
Thirty-eight patients were unreachable, and 40 patients either
declined to participate or submitted incomplete surveys. We
received usable surveys from 40 patients, 13 in the control cohort
and 27 in the treatment cohort. The average follow-up duration
after the reduction was 67.5 months (range, 15.5 months to 14
years). The average age at the time of injury was 36.8 + 14.1 years,
and 55% of the patients were female. There was no statistical dif-
ference between cohorts for all patient demographics (Table 1).
There was also no statistical difference between cohorts regarding
the type of dislocation, mechanism of injury, specialty of the
treating physician, history of a subsequent injury to the same ex-
tremity, insurance status, or ADI (Table 1).

In general, clinical outcomes were good, with a mean Quick-
DASH score of 9.0 + 14.8, and no differences between patients
receiving and not receiving early therapy (6.5 + 11.3 vs 14.1 + 19.6,
respectively; P =.32) were noted. Mean BRS scores were consistent
with high levels of resiliency (4.0 + 0.8). Overall, 95% of patients
reported satisfaction with their outcome, and the mean visual
analog scale satisfaction score was 85.9 + 21.0 (Table 2).

The majority of patients reported equal range of motion to the
contralateral uninjured elbow (67.5%), with no differences between
those with and without an early therapy (76.9% vs 63%,
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Table 2
Summary of Outcomes
Variable Total (N = 40) Control (N = 13) Treatment (N = 27) P Value
QuickDASH, mean + SD 9.0 + 14.8 14.1 + 19.6 65+ 113 32
BRS, mean + SD 4.0 +0.8 3710 41+0.7 .14
Satisfied? N (%) >.99
Yes 38 (95.0) 13 (100.0) 25(92.6)
No 2 (5.0) 0(0.0) 2(74)
Satisfaction rating (scale 1-100), mean + SD 85.9 + 21.0 826 + 194 874 + 219 .50
Work with hand therapy again? n (%) N/A
Yes 24 (88.9)
No 2(74)
Undecided 1(3.7)
Preferred to have hand therapy? n (%) N/A
Yes 3(23.1)
No 5(38.5)
Undecided 5(38.5)
Early surgery? n (%) -
Yes 0(0.0) 0(0.0) 0(0.0)
No 40 (100.0) 13 (100.0) 27 (100.0)
Late surgery? n (%) >.99
Yes 1(2.5) 0(0.0) 1(3.7)
No 39(97.5) 13 (100.0) 26 (96.3)
N/A, not applicable.
Table 3
Elbow Range of Motion
Variable Total (N = 40) Control (N = 13) Treatment (N = 27) P Value
Elbow extension, n (%) .70
180° (normal) 28 (82.4) 7 (77.8) 21 (84.0)
150° 0(0.0) 0 (0.0) 0(0.0)
120° 5(14.7) 2(22.2) 3(12.0)
90° 1(2.9) 0(0.0) 1(4.0)
Elbow flexion, n (%) 47
160° (normal) 32 (94.1) 8(88.9) 24 (96.0)
125° 0(0.0) 0(0.0) 0(0.0)
90° 1(2.9) 0(0.0) 1(4.0)
<90° 1(2.9) 1(11.1) 0(0.0)
Elbow pronation, n (%) .06
90° (normal) 30(85.7) 8(80.0) 22 (88.0)
60° 1(2.9) 1(10.0) 0(0.0)
30° 1(2.9) 1(10.0) 0 (0.0)
0° (neutral) 3(8.6) 0(0.0) 3(12.0)
Elbow supination, n (%) 13
90° (normal) 25 (73.5) 6 (66.7) 19 (76.0)
60° 1(2.9) 1(11.1) 0(0.0)
30° 1(2.9) 1(11.1) 0(0.0)
0° (neutral) 7 (20.6) 1(11.1) 6 (24.0)
Motion same as uninjured elbow? n (%) .38
Yes 27 (67.5) 10 (76.9) 17 (63.0)
No 13 (32.5) 3(23.1) 10 (37.0)

respectively; P = .38). Moreover, the majority of patients reported
full elbow extension (82.4%), elbow flexion (94.1%), pronation
(85.7%), and supination (73.5%) (Table 3).

Only 1 patient (in the treatment cohort) required late surger-
y—Iligament reconstruction for persistent instability.

In the univariate analysis, there was a significant association
between higher QuickDASH scores and higher ADI (greater social
deprivation, P=.01), older age at the time of injury (P =.04), female
sex (P = .05), high-energy mechanism (P = .04), new upper-
extremity injury since the time of elbow closed reduction
(P < .01), lower BRS (P =.01), Medicare insurance status (P =.02),
and worker’s compensation (WC) insurance status (P < .01). Early
therapy, specialty of the treating physician, and the presence of
additional minor fractures were not associated with the QuickDASH
outcome, per univariate analysis (Table 4).

The multivariate model demonstrated a significant association
between worse QuickDASH scores and higher ADI (coefficient 0.38;
95% confidence interval 0.91—-0.57; P < .01) and Medicare insurance

status (30.93; 5.59—56.28; P =.02) or WC insurance status (18.45;
5.91-31.00; P = .01) relative to commercially-insured patients. In
other words, for every 10 unit increase in ADI, the QuickDASH score
increased by 3.8. Patient insurance status (P = .40), early therapy
(P =.36), sex (P =.74), mechanism of injury (P =.88), and BRS score
(P =.23) were not significant. These findings were independent of
whether a new upper-extremity injury had occurred since the date
of the closed reduction (Table 5).

Discussion

Our study demonstrated that the long-term outcomes following
closed reduction of simple elbow dislocation are in general good.
This correlated with the results from other studies, which also
found generally good results in PROs after elbow dislocation.*~” As
we hypothesized, there was no difference in the outcome scores
between the 2 cohorts, suggesting that early therapy does not
significantly affect outcomes after an elbow dislocation. In addition,
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Table 4
Univariate Analysis
Variable Level QuickDASH P Value
Coefficient (95% confidence interval)
Early therapy No Reference 22
Yes —9.46 (-24.77, 5.86)
Age at injury For each year increasing 0.52(0.02, 1.01) .04
ADI (state) For each score increasing 3.45 (1.06, 5.85) .006
ADI (national) For each score increasing 0.53 (0.26, 0.80) <.001
Sex Female Reference .045
Male —14.90 (-29.47, —0.33)
Race Asian and others Reference .67
Caucasian 5.89 (—22.09, 33.86)
Mechanism of injury Low energy Reference .039
High energy —15.28 (—29.74, —0.82)
Injury Simple minor fracture Reference 27
—8.30(—23.44, 6.83)
Specialty of treating physician Ortho hand Reference
Ortho shoulder/elbow —129.74 (—129.74, —129.74) -
Ortho trauma —7.93 (—26.44, 10.58) 39
Nonortho 1.45 (-16.56, 19.47) .87
New injuries No Reference .003
Yes 23.85(8.59, 39.11)
Required late therapy Yes Reference 23
No —19.06 (-50.83, 12.71)
Insurance status Private Reference
Medicare 41.21 (6.58, 75.83) .02
WwC 30.77 (12.10, 49.44) .002
Uninsured 813.54 (—3.36, 30.44) 11
BRS —12.84 (—22.24, —3.45) .009
Table 5
Multivariate Analysis
Predictor Variable QuickDASH Coefficient (95% confidence interval) P Value
Early therapy 3.90 (—12.37, 4.58) .36
Age at injury 0.07 (-0.27, 0.42) .68
ADI (national) 0.38 (0.19, 0.57) <.001

Female sex

High-energy mechanism
New injuries

Medicare insurance

WC insurance
Uninsured

BRS

~1.45 (~10.43, 7.52) 74
~0.61(-8.87, 7.66) 88
13.86 (5.20, 22.52) .003
30.93 (5.59, 56.28) 018
18.45 (5.91, 31.00) .005
471 (~6.47, 15.88) 40
~2.56 (—6.80, 1.68) 23

early therapy did not affect patient satisfaction with their injured
elbow. To our knowledge, no prior study has evaluated the effect of
hand therapy on outcomes after elbow dislocation.

Although the patients did well, we found that social deprivation
was associated with worse outcomes. Interestingly, this was inde-
pendent of injury mechanism, age, sex, early therapy, and all other
studied factors. Social deprivation is a nonmodifiable risk factor
that has been associated with worse outcomes in prior research.*’

Secondary findings of this study are that the insurance status,
specifically WC and Medicare, were associated with worse out-
comes. However, as there was only 1 patient in the study with
Medicare insurance, conclusions as to the effect of Medicare could
not be made. Many prior studies have also identified WC as an
independent nonmodifiable risk factor for poor outcomes in most
orthopedic procedures and conditions.*' ~#*

Limitations of the study include its retrospective nature that
may lead to selection bias and recall bias. Although the providers
followed their standard treatment protocol for these patients, the
influence of patient or injury factors on the decision to refer to
hand therapy was not documented and therefore could lead to
selection bias. Furthermore, there was no way to determine
compliance with hand therapy. The BRS attempts to measure
resiliency, which is a personality trait that would not be expected

to change over time. Our analysis uses BRS scores at follow-up
rather than at baseline, and it is unclear if that may affect the
study findings. Also, the response rate was low (50% of all eligible
patients who were able to be contacted and 34% of all eligible
patients). However, we still were able to achieve a sufficient
sample size to meet that suggested as necessary by our a priori
power analysis. Another limitation was that although there was
notable variation in social deprivation, the cohort in general
demonstrated levels of social deprivation in the lower median of
possible scores. Considering that our study found that greater
social deprivation is correlated with worse outcomes, it is possible
that a similar study including patients with a larger range of social
deprivation would only show a stronger correlation.

In conclusion, the PROs following simple elbow dislocation are
generally good. Although surgeons should be aware of the possi-
bility that specific subsets of patients may benefit from early
therapy, this factor did not appear to influence outcomes, both in
terms of PROs and elbow range of motion, in this small cohort.
There was an association between worse outcome scores and
greater levels of social deprivation or certain insurance types (WC),
both nonmodifiable risk factors. These findings identify an oppor-
tunity to further investigate health disparities that lead to worse
outcomes.
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