
ORIGINAL ARTICLE

Variability in Discharge Disposition Across US Trauma
Centers After Treatment for High-Energy Lower Extremity

Injuries

Ida L. Gitajn, MD,* Lisa Reider, PhD,† Daniel O. Scharfstein, ScD,† Robert V. O’Toole, MD,‡
Michael J. Bosse, MD,§ Renan C. Castillo, PhD,† David S. Jevsevar, MD, MBA,*

and Andrew N. Pollak, MD‡ on behalf of METRC

Objective: To evaluate the association between patient- and center-
level characteristics and discharge to an inpatient facility versus
home after treatment for lower extremity trauma, as well as examine
the variability in discharge disposition across clinical centers after
controlling for these factors.

Design: This is an analysis of data collected prospectively across 5
multicenter studies of extremity trauma.

Setting: US Trauma Centers.

Participants: Patients 18–80 years with lower extremity trauma
treated at 1 of 55 participating centers.

Main Outcome Measure: Discharge disposition.

Results: Among 2365 patients treated at 1 of 55 centers across 13
states, 673 (28.5%) were discharged to an inpatient facility, and 1692
(71.5%) were discharged home. Individuals who were older, female,
unmarried, insured, higher body mass index, history of severe
alcohol abuse, Gustilo type IIIB or IIIC open injuries, bilateral, spine
and upper extremity injuries, higher injury severity score scores, or
intensive care unit stay were more likely to be discharged to an

inpatient facility. Even after accounting for patient- and center-level
characteristics, there was substantial variation in discharge disposi-
tion across centers (likelihood ratio test: P , 0.001).

Conclusion: Variation in discharge disposition may represent
a potential for improvement in resource utilization and cost savings.
Further studies are needed to examine the relationship between
utilization of postdischarge inpatient facility after trauma and
outcomes.

Key Words: rehabilitation, high-energy trauma, resource utilization,
discharge disposition

Level of Evidence: Prognostic Level III. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2020;34:e78–e85)

INTRODUCTION
Discharge to an inpatient facility after orthopaedic

surgery requires substantial resources and is a significant
driver of treatment cost. For example, inpatient rehabilitation
accounts for 49% of the total cost of femoral neck fractures1–3

and 36% of the cost of joint arthroplasty.4,5 In a cost-effective
high-value health care system, with value defined as health
outcomes achieved per dollar spent,6 discharge to an inpatient
facility would be based on established clinical factors. How-
ever, there are no guidelines for discharge practices after
orthopaedic surgery resulting in substantial variation. There
is a growing body of literature that suggests more health care
service use is not always associated with improved out-
comes.7–20 For some patients, inpatient rehabilitation may
offer no added value. Although use of these services has been
studied in patients undergoing elective arthroplasty,18,21–25

little is known about discharge to inpatient rehabilitation
among patients surgically treated for a traumatic orthopaedic
injury. Compared with patients receiving elective surgery,
trauma patients are typically of lower socioeconomic status
and have different clinical needs after treatment, both in terms
of complex comorbidities and mobility issues. An important
first step in determining the value of inpatient rehabilitation
services in this patient population is to identify the factors
associated with discharge disposition and describe the vari-
ability in practice.

The purpose of this study was to evaluate the associ-
ation between patient- and center-level characteristics and

Accepted for publication September 27, 2019.
From the *Department of Orthopaedics, Dartmouth Hitchcock Medical Center,

Lebanon, NH; †Major Extremity Trauma Rehabilitation Consortium (METRC)
Coordinating Center at the Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD; ‡University of Maryland R Adams Cowley Shock Trauma
Center, Baltimore, MD; and §Carolinas Medical Center, Charlotte, NC.

Supported by the Office of Assistant Secretary of Defense for Health Affairs
Congressionally Directed Medical Research Programs, through the Peer
Reviewed Orthopaedic Research Program, contract numbers W81XWH-
09-2-0108, W81XWH-10-2-0090, W81XWH-10-2-0134, and
W81XWH-12-1-0588. Opinions, interpretations, conclusions, and rec-
ommendations are those of the authors and are not necessarily endorsed
by the Department of Defense.

The authors report no conflict of interest.
This paper has been presented as posters at the American Academy of

Orthopaedic Surgery Annual Meeting, 2018, New Orleans, LA and at the
Orthopaedic Trauma Association Annual Meeting, 2018, Orlando, FL.

Corporate author Paul Tornetta III, MD receives royalties from Smith-
Nephew and Wolters Kluwer.

METRC Corporate members are listed in Appendix 1.
Reprints: Ida L. Gitajn, MD, Department of Orthopaedics, Dartmouth

Hitchcock Medical Center, One Medical Center Drive, Lebanon, NH
03755 (e-mail: Ida.Leah.Gitajn@hitchcock.org).

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/BOT.0000000000001657

e78 | www.jorthotrauma.com J Orthop Trauma � Volume 34, Number 3, March 2020

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

mailto:Ida.Leah.Gitajn@hitchcock.org


discharge to an inpatient facility versus home after treatment
for lower extremity trauma (LET), as well as examine the
variability in discharge disposition across clinical centers. We
hypothesized that we will detect substantial variation in
discharge disposition across centers even after accounting
for patient-, injury-, and center-level characteristics.

METHODS

Study Population
The study population included 2819 patients, 18–80

years of age, with LET. They were enrolled in 1 of 5 ongoing
prospective multicenter studies of extremity trauma in the
United States as of March 1, 2017. Human subjects’ research
protocols were followed, with institutional review board ap-
provals filed by the principal investigator (PI) of each study.
The 5 studies involved include the following:
1. The FIXIT study is a randomized trial comparing 12-

month outcomes after treatment of open tibial shaft frac-
tures with modern external ring fixation versus internal
fixation.26 Eligible patients include men and women 18–
64 years of age with an open diaphyseal or metaphyseal
tibia fracture.

2. The OUTLET study is a prospective, multicenter observa-
tional study comparing 18-month outcomes after limb sal-
vage versus early amputation among patients 18–60 years
of age with distal tibia, ankle, and foot injuries.27

3. The PAIN study is a three-armed, prospective, double-
blind, multicenter randomized trial designed to evaluate
the effect of standard pain management versus standard
pain management plus perioperative nonsteroidal anti-
inflammatory drugs or pregabalin in patients 18–85 years
of age with upper and lower extremity fractures.28 For this
analysis, we included data on patients with open injuries to
the femoral shaft; open or closed fractures of the supra-
condylar femur, tibial plateau, tibial shaft, or pilon; unilat-
eral type I, II, or IIIA ankle fractures associated with
dislocation; and unilateral open type I and II closed tibial
plafond, calcaneus, and talus fractures.

4. The Oxygen study is a phase III, double-blind, prospective
randomized clinical trial with a primary goal of assessing
the efficacy of 2 different concentrations of perioperative
oxygen in the prevention of surgical site infections in
adults with closed or open tibial plateau, pilon (tibial pla-
fond), or calcaneus fractures at high risk of infection and
definitively treated with plate and screw fixation.29

5. The VANCO study is a phase III prospective, randomized
clinical trial to assess the efficacy of locally administered
vancomycin powder in the prevention for SSI after fracture
surgery. Eligible patients included adults 18–80 years of
age with closed or open tibial plateau or pilon (tibial pla-
fond) fractures at high risk of infection and definitively
treated with plate and screw fixation.30

Patients were treated for a lower extremity injury at 1 of
55 US trauma centers. Patients were excluded from this
analysis if they died while in the hospital (n = 3), had incom-
plete information on discharge status (n = 25), or were missing
demographic, preinjury health or injury severity data (n = 426).

A total of 2365 individuals treated at 55 US centers were
included in the present analysis.

Data Collection
Discharge disposition was recorded prospectively at the

time of discharge from the initial hospitalization for treatment
of the injury. For this analysis, patients were considered
discharged to an inpatient facility if they were discharged to
an inpatient rehabilitation facility (n = 421), a skilled nursing
facility (n = 217), a nursing home (n = 8), or other subacute
rehabilitation facility (n = 27), or discharged home (with or
without services).

Data including patient demographics, preinjury health
status, and injury characteristics were collected consistently
across all studies according to standards adopted by METRC.
Variables included in the model were hypothesis-driven,
based on studies of both arthroplasty and trauma pa-
tients.24,25,31–38 Patient demographics included age, sex, race
and ethnicity, marital status, education, health insurance, and
occupation. Preinjury health was characterized by body mass
index (BMI), tobacco use, alcohol abuse, self-reported health
status, and a diagnosis of depression. BMI, alcohol abuse, and
depression diagnosis were obtained from patient medical re-
cords. Tobacco use and health status were obtained from
interviews with participants shortly after study enrollment.
Injury severity was characterized by Gustilo type,39 time in
an intensive care unit (ICU), injury severity score (ISS)40 and
presence of a bilateral injury, and injuries of the spine, head,
and upper extremity. Gustilo type was classified by the treat-
ing surgeon at time of initial treatment. Injuries were catego-
rized as closed, open crush, type I, II, or IIIA, and type IIIB or
IIIC. Information about ICU stay was obtained from medical
records. ISS scores were computed from abbreviated injury
scale (AIS) codes obtained by the trauma registrar at each
institution for all sustained injuries. Bilateral injury was
defined using AIS codes associated with pelvic fractures
and lower extremity skeletal injures that were a severity of
2 or greater. Injuries of the upper extremity, spine, and head
were defined using AIS codes associated with these body
regions.

Financial relationships between the treating inpatient
institution and skilled nursing and/or rehabilitation facilities
were ascertained from a survey completed by the PI at each of
the 55 participating centers. The PI was instructed to report if
their institution had a financial relationship with at least one
of the following facilities: acute rehabilitation, subacute
rehabilitation, skilled nursing facility, or other acute rehabil-
itation institution as specified by the center.

Statistical Analysis
Analyses were conducted using a multivariable logistic

regression model with patient demographics, preinjury health
status, injury severity, and financial relationship with an
inpatient facility as covariates and with clinical center treated
as a random effect. A model allowing the variance of the
random effect to depend on the presence of a financial
relationship was considered, but a likelihood ratio test (a
statistical procedure for comparing the goodness-of-fit of
competing models) did not reveal evidence of a dependence

Variability in Discharge DispositionJ Orthop Trauma � Volume 34, Number 3, March 2020

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved. www.jorthotrauma.com | e79

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



(P = 0.49). Results for a model with a common variance are
presented, including estimates of covariate effects (in terms of
adjusted odds ratios) along with 95% percent confidence in-
tervals (CIs). Variability in discharge disposition across cen-
ters, after adjustment for covariates, was assessed by using
a likelihood ratio test to evaluate whether the variance of the
random effect was greater than 0. Using the model along with
the distribution of demographic, health and injury character-
istics, and financial relationship status, center-specific stan-
dardized estimates of the probability of discharge to an
inpatient facility are computed. All statistical analyses were
performed using Stata (College Station, TX).

RESULTS
Among 2365 patients treated at 1 of 55 centers across

13 states, 673 (28.5%) were discharged to an inpatient
facility, and 1692 (71.5%) were discharged home. The
average number of patients per center was 43 (median 17,
range 1–324). Individuals who were older, female, unmarried
(divorced, widowed, or separated); had higher BMI; were
insured; had a history of alcohol abuse; sustained a high-
grade open injury (Gustilo IIIB or IIIC); had a bilateral injury,
upper extremity injury, or spine injury; had higher ISS scores;
or had an ICU stay were more likely to be discharged to an
inpatient facility (Table 1). The adjusted odds ratio of being
discharged to an inpatient facility is 1.05 (95% CI: 1.04–1.06)
for patients of a given age versus those 1 year younger; 1.36
(95% CI: 1.06–1.76) for women versus men; 1.45 (95% CI:
1.13–1.85) for unmarried (divorced, widowed, and separated)
versus married; 1.05 (95% CI: 1.04–1.07) for patients of
a given BMI versus those 1 unit lower; 2.43 (95% CI:
1.54–3.85) for Medicaid, 8.98 (95% CI: 5.00–16.13) for
Medicare, 2.01 (95% CI: 1.35–2.98) for private insurance,
2.45 (95% CI: 1.49–4.02) for other insurance, and 2.42
(95% CI: 1.41–4.14) for workers comp versus no insurance;
1.59 (95% CI: 0.88–2.87) for those who do versus do not
abuse alcohol; 2.37 (95% CI: 1.64–3.43) for Gustilo type IIIB
or IIIC injuries versus closed injuries; 1.05 (95% CI: 1.03–
1.07) for patients of a given ISS score versus those 1 unit
lower; 2.31 (95% CI: 1.75–3.05) for bilateral versus unilateral
lower extremity injuries; 2.21 (95% CI: 1.68–2.91) for those
with versus without upper extremity injuries; 2.05 (95% CI:
1.41–2.97) for those with versus without spine injuries; and
2.83 (95% CI: 2.05–3.91) for patients who spent at least 1 day
in the ICU versus no ICU stay. Patients treated at a center
with a financial relationship had 1.64 (95% CI: 0.90–2.99)
higher adjusted odds of discharge to an inpatient facility com-
pared with those treated at a center without one. However,
patients were not necessarily discharged to the facility that
had a financial relationship with the hospital.

There was variation in discharge disposition across
centers after controlling for patient-level factors (demo-
graphic and socioeconomic variables as well as injury
characteristics) and presence of a financial relationship
between the tertiary care facility and an inpatient facility
(likelihood ratio test: P , 0.001). As shown in Fig. 1, the
adjusted probability of discharge to an inpatient institution
ranged from 12% to 52% across tertiary care centers.

DISCUSSION
The results of this study demonstrated substantial

variation in discharge disposition and utilization of inpatient
facility resources across centers after treatment for high-
energy LET, even after accounting for patient characteristics,
such as age and medical comorbidities, the type and severity
of injuries, and financial relationship with inpatient facilities.
This represents a first step toward understanding utilization of
this expensive and limited resource among orthopaedic
trauma patients. Further prospective studies are needed to
(1) determine the source for this variation and clarify whether
there is a component of unwarranted or supply-sensitive
variation41 and (2) identify the clinical factors that predict
which patients will derive benefit from inpatient resources
after discharge.

Discharge to inpatient facilities ranged from 12% to 52%
across centers (mean 28%), which is lower compared with rates
reported in one study among lower-limb trauma patients living
in California. This retrospective study used data from the
California State Inpatient Database that captures nearly all
admissions in the state of and found that 58% of patients were
discharged to an inpatient facility.31 Interestingly, rates of dis-
charge to inpatient facilities observed in this study were more
comparable with rates reported among patients undergoing elec-
tive joint arthroplasty (26%–65%).21,22,24,25,35–38,42–47 Consis-
tent with the arthroplasty literature, we found that age, sex,
and marital status were associated with discharge disposition.
In addition to these factors, we found that health insurance
and measures of injury severity were independently associated
with discharge to an inpatient facility.24,25,35,36,38,46,48–50 This is
not surprising given that, unlike patients undergoing elective
surgery, there is no opportunity for discharge planning before
admission for surgical treatment of a traumatic injury and often,
both the severity of the injury and complexity of the surgery
dictate the postoperative course of care.

Ideally, patients would be discharged to an inpatient
facility based on clinical need. However, in this study, health
insurance was associated with discharge disposition indepen-
dent of clinical factors such as injury severity and health
status. Patients with health insurance are more likely to be
discharged to an inpatient facility compared to patients with
no insurance. Although insurance status has little effect on
clinical decision-making in the acute trauma setting, this
analysis suggests that financial resources are associated with
discharge disposition. These findings are consistent with other
acutely injured populations including patients with brain
injury and severe burns.32–34 In addition, patients were 1.64
times more likely to be discharged to an inpatient facility if
they were admitted to institutions who self-identified as hav-
ing a financial relationship between the tertiary care facility
and one or more inpatient facilities than if the inpatient cen-
ters did not have a financial relationship. The measure used in
this study was a general indicator of financial relationship,
and although there appears to be a strong association with
discharge status, it was coupled with considerable uncer-
tainty. More research is needed to better understand the nature
and consequences of relationships between tertiary care cen-
ters and inpatient facilities.
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TABLE 1. Association of Patient-, Injury-, and Center-Level Characteristics With Discharge to an Inpatient Facility

Discharged to an Inpatient Facility
Adjusted Odds Ratio (OR)

(95% CI)

Demographics

Age, years, mean (SD) 47.3 (15.2) 1.05 (1.04–1.06)*

Age categories:

18–30 121/608 (19.9)

31–40 104/473 (22.0)

41–50 131/551 (23.8)

51–60 183/499 (36.7)

.60 134/234 (57.3)

Gender

Male (Ref) 421/1622 (25.9) —

Female 252/743 (33.9) 1.36 (1.06–1.76)

Race/ethnicity

White (Ref) 490/1632 (30.0) —

Black 136/488 (27.9) 1.81 (0.98–1.83)

Hispanic 43/239 (17.9) 1.01 (0.64–1.62)

Other 4/6 (66.7) 10.37 (0.83–128.4)

Marital status

Divorced, Widowed, or Separated (Ref) 350/1196 (29.3) —

Married; living with or without partner 323/1169 (27.6) 0.69 (0.54–0.88)

Education

Less than High School (Ref) 62/254 (24.4) —

High School or GED 266/1031 (25.8) 0.95 (0.61–1.48)

Some college 345/1080 (31.9) 1.37 (0.87–2.14)

Health insurance

None (Ref) 67/484 (13.8) —

Medicaid 100/294 (34.0) 2.43 (1.54–3.85)

Medicare 104/155 (67.1) 8.98 (5.00–16.13)

Other 72/242 (29.8) 2.45 (1.49–4.02)

Private 283/999 (28.3) 2.01 (1.35–2.98)

Workers Comp 47/191 (24.6) 2.42 (1.41–4.14)

Occupation

Laid off, school, home or other (Ref) 235/649 (36.2) —

Working or active duty military 438/1716 (25.5) 0.95 (0.71–1.27)

Preinjury health

BMI, mean (SD) 30.7 (7.8) 1.05 (1.04–1.07)*

BMI categories:

Underweight (,18.5) 7/28 (25.0)

Normal weight (18.5–24.9) 163/696 (23.4)

Overweight (25–29.9) 184/755 (24.4)

Obese (30–39.9) 244/724 (33.7)

Morbidly obese (40+) 75/162 (46.3)

Tobacco use

Former smoker or never smoked (Ref) 433/1423 (30.4) —

Current 240/942 (25.5) 0.88 (0.68–1.14)

Alcohol abuse

No (Ref) 638/2274 (28.1) —

Yes 35/91 (38.5) 1.59 (0.88–2.87)

Health status

Fair or poor (Ref) 96/231 (41.6) —

Excellent, very good, or good 577/2134 (27.0) 0.75 (0.51–1.10)

Depression

No (Ref) 568/2091 (27.2) —

Yes 105/274 (38.3) 1.15 (0.81–1.64)

(continued on next page )
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There are important cost implications associated with
variation in discharge disposition among orthopaedic trauma
patients because postacute care represents a sizeable compo-
nent of the overall cost of care1–4 and has the potential to play
an important role in overall recovery. These costs may be
justified if inpatient stays improve patient outcomes. Several
studies among arthroplasty patients, however, suggest that
patients discharged to inpatient facilities have higher hospital
readmission rates and a higher rate of adverse event rates
compared with patients discharged home.43,45,46,50 The Bun-
dled Payments for Care Improvement initiative was intro-
duced to address the high cost of care associated with
treatment for arthroplasty and transition the responsibility
for cost-containment to care providers. This initiative led to
a decline in inpatient admissions and a concomitant reduction
in hospital length-of-stay and readmission rates. There may
be similar opportunities to improve the value of postacute
care for trauma patients; however, additional studies are
needed to examine the relationship between utilization and
patient outcomes. Given the momentum toward transitioning
financial responsibility of postacute care from insurers to

hospital systems and/or physicians, determining which pa-
tients benefit the most will be important in efforts to optimize
resource utilization. As the Centers for Medicare & Medicaid
(CMS) and other insurers continue to evaluate the value of
alternative payment models, developing a better understand-
ing of the value of postacute care among orthopaedic trauma
patients is critical.

Study Limitations
This study has several limitations. First, discharge

disposition was only recorded after the initial hospitalization
for treatment of the fracture. Patients undergoing staged
procedures were likely discharged home between admissions,
and whether they were discharged to an inpatient facility after
the hospitalization for definitive fixation is unknown. Second,
patients enrolled into 1 of the 5 METRC studies at a given
center may not be representative of the entire orthopaedic
trauma population treated at that center. Although this may
affect the probability of discharge to an inpatient facility at
some institutions, it likely does not negate the observed
variability in discharge practices across centers. Third, other

TABLE 1. (Continued ) Association of Patient-, Injury-, and Center-Level Characteristics With Discharge to an Inpatient Facility

Discharged to an Inpatient Facility
Adjusted Odds Ratio (OR)

(95% CI)

Injury severity

Gustilo type

Closed (Ref) 322/1263 (25.5) —

Open crush, I, II, IIIA 218/741 (29.4) 1.08 (0.81–1.44)

IIIB, IIIC 133/361 (36.8) 2.37 (1.64–3.43)

Bilateral injury

No (Ref) 435/1777 (24.5) —

Yes 238/588 (40.5) 2.31 (1.75–3.05)

Upper extremity injury

No (Ref) 420/1819 (23.1) —

Yes 253/546 (46.3) 2.21 (1.68–2.91)

Spine injury

No (Ref) 520/2084 (24.9) —

Yes 153/281 (54.5) 2.05 (1.41–2.97)

Head injury

No (Ref) 565/2129 (26.5) —

Yes 108/236 (45.8) 1.14 (0.77–1.69)

ISS score, mean (SD) 13.1 (9.9) 1.05 (1.03–1.07)*

ISS categories:

0–8 224/1207 (18.6)

9–12 179/612 (29.3)

13–17 100/250 (40.0)

18+ 170/296 (57.4)

ICU stay

None (Ref) 426/1871 (22.8) —

At least 1 day 247/494 (50.0) 2.83 (2.05–3.91)

Hospital characteristic

Financial relationship

None (Ref) 153/700 (21.9) —

Relationship with a postacute inpatient facility 520/1665 (31.2) 1.64 (0.90–2.99)

*OR computed for the continuous variable.
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factors that may affect discharge location such as weight-
bearing status, home layout and access to home equipment,
family support (aside from marital status), and household
income were not captured. Bilateral injuries and injuries to the
spine and upper extremity that impacts weight bearing were
included in the model and found to be associated with
discharge to an inpatient facility. Although we could not
directly address home modification and equipment needs such
as hospital beds, we did account for insurance status that
plays a role in access to these resources. Fourth, the definition
of inpatient facility used in this study was broad, including
discharge to several types of institutions. The factors
associated with discharge disposition may differ between
inpatient rehabilitation facilities, skilled nursing facilities, and
other acute care institutions. However, the goal of this article
was to identify factors associated with discharge to inpatient
facility of any type and to describe the variability in discharge
practices across multiple centers. Finally, the definition of
financial relationship between tertiary care facility and
inpatient nursing or rehabilitation facility was broad, making
it difficult to understand the exact nature of these relation-
ships. Sites that reported having a financial relationship with
an inpatient facility may or may not specifically discharge
patients to those facilities. The purpose of including this
measure was to control for effects that financial relationships
may have had on discharge practices. Further studies are
needed to explore the effect of these financial relationships in
a more detailed manner.

To the best of our knowledge, this is the first study
evaluating discharge disposition patterns across a large
number of centers after treatment for LET. This study
leveraged data collected prospectively using standardized

methods on thousands of traumatically injured patients
treated in hospitals across the United States. The variabil-
ity in discharge disposition we observed across centers is
likely due to differences in health systems, local policies,
and provider practices not captured in this analysis. As
health care expenditures continue to rise, these results
highlight an opportunity for clinicians and policy makers
to improve the value of care provided to patients sustain-
ing these injuries.
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