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Abstract
Background Emergency department (ED) visits after
elective surgical procedures are a potential target for
interventions to reduce healthcare costs. More than 1 mil-
lion total joint arthroplasties (TJAs) are performed each
year with postsurgical ED utilization estimated in the range
of 10%.
Questions/purposes We asked whether (1) outpatient or-
thopaedic care was associated with reduced ED utilization
and (2) whether there were identifiable factors associated
with ED utilization within the first 30 and 90 days after
TJA.
Methods An analysis of adult TRICARE beneficiaries
who underwent TJA (2006-2014) was performed. TRI-
CARE is the insurance program of the Department of

Defense, covering > 9 million beneficiaries. ED use within
90 days of surgery was the primary outcome and post-
operative outpatient orthopaedic care the primary explan-
atory variable. Patient demographics (age, sex, race,
beneficiary category), clinical characteristics (length of
hospital stay, prior comorbidities, complications), and en-
vironment of care were used as covariates. Logistic re-
gression adjusted for all covariates was performed to
determine factors associated with ED use.
Results We found that orthopaedic outpatient care (odds
ratio [OR], 0.73; 95% confidence interval [CI], 0.68-0.77)
was associated with lower odds of ED use within 90 days.
We also found that index hospital length of stay (OR, 1.07;
95%CI, 1.04-1.10), medical comorbidities (OR, 1.16; 95%
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CI, 1.08-1.24), and complications (OR, 2.47; 95% CI,
2.24-2.72) were associated with higher odds of ED use.
Conclusions When considering that at 90 days, only 3928
patients sustained a complication, a substantial number of
ED visits (11,486 of 15,414 [75%]) after TJA may be
avoidable. Enhancing access to appropriate outpatient care
with improved discharge planning may reduce ED use after
TJA. Further research should be directed toward unpacking
the situations, outside of complications, that drive patients
to access the ED and devise interventions that could miti-
gate such behavior.
Level of Evidence Level III, therapeutic study.

Introduction

In surgical care, emergency department (ED) visits repre-
sent either a postsurgical adverse event or a discontinuity in
appropriate postoperative management; they may add sub-
stantial cost to the patient and healthcare system [10, 17].
Moreover, with the advent of risk-based reimbursement
programs and penalties for hospital readmission, the fi-
nancial responsibility associated with ED visits after sur-
gery has largely shifted to the healthcare organizations and
surgeons providing care [5, 19].

THA and TKA account for a substantial amount of
healthcare expenditures with more than 1 million proce-
dures performed annually at a cost of nearly USD 19 billion
[2]. Moreover, although these procedures are frequently
performed in Medicare patients, the fastest growing pop-
ulation receiving joint arthroplasty is now younger than age
65 years. Joint replacements have been prime targets for
both bundled payment initiatives and readmission penalties
in recent years [5, 9-12, 17, 18]. The proportion of patients
readmitted after THA and TKA has been reported to be 5%
to 10% and the risk factors associated with these events
have been characterized [1, 11, 12, 17, 18]. However, the
association of orthopaedic outpatient care with ED utiliza-
tion within the 90-day period after joint arthroplasty has not
been extensively studied. We believe that outpatient or-
thopaedic visits can be viewed as a surrogate for continuity
of care after hospital discharge and may be associated with
a reduction in the need for patients to access ED services.

In this context, we used insurance claims data to answer
two questions. We asked whether (1) outpatient ortho-
paedic care was associated with reduced ED utilization and
(2) whether there were identifiable factors associated with
ED utilization within the first 30 and 90 days after TJA.

Patients and Methods

For this analysis, we used TRICARE insurance claims data
(2006–2014), which are maintained by the Military Health

System Data Repository. TRICARE is the healthcare
program of the Department of Defense that is responsible
for providing healthcare coverage to active-duty and retired
uniformed services personnel and their families. Currently,
the program provides coverage to nearly 9.5 million
individuals through military and civilian hospitals across
the United States [3, 4, 14, 20]. This system is independent
of Veterans Administration hospitals and military health-
care facilities in combat theaters. Prior studies have used
TRICARE data to study healthcare outcomes in trauma,
surgical, and medical conditions and the demographic
profile of this population broadly resembles that of the
US population younger than age 65 years [3, 4, 14-16].
Before commencement, this study received an exempt
determination from the Partners Human Research Com-
mittee. All data were deidentified.

Claims were queried for adult patients (18-64 years)
with a primary procedure code for primary THA and TKA
(International Classification of Diseases, 9th Revision
[ICD-9] 81.51 and 81.54) between 2006 and 2014. We
excluded patients older than 65 years of age and those who
were Medicare-eligible. This approach allowed complete
case ascertainment because any services billed to Medicare
and not TRICARE would not be captured in our data set.

Patients included in the analysis had their claims ab-
stracted for demographics (age, race, sex, sponsor rank,
and beneficiary category), clinical characteristics (Charl-
son comorbidity index [CCI] [6], length of stay [LOS],
index surgical procedure, and complications), and health-
care use (orthopaedic outpatient care visits and ED visits)
within 90 days of the date of surgery. TRICARE docu-
ments outpatient care services through provider/specialty-
specific taxonomy codes for care delivered in both military
and civilian settings. Taxonomy codes specific to ortho-
paedic surgery outpatient care (see Appendix, Supplemental
Digital Content 1) were used to survey for use of these
services within 90 days of the surgical intervention.

Race was categorized as white, black, Asian, and other
based on patient self-report. When race information was
missing, we used reweighted estimating equations, an ef-
fective method to reduce bias introduced by missing race
information [8]. In this approach, we calculated the prob-
ability of reported race using a logistic regression model,
and we applied the inverse of this predicted probability as
a survey weight in the adjusted analyses.

We divided the CCI into three categories (0, 1, > 1).
Complications within 30 and 90 days after discharge were
identified using a previously published ICD-9-based al-
gorithm [3, 14], which captured infectious, wound-related,
cardiovascular, neurologic, urologic, and respiratory
complications.

The primary independent variables were 30- and 90-day
orthopaedic outpatient visits, whether scheduled or un-
scheduled. ED visits within the first 30 and 90 days after
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discharge were established as the primary dependent var-
iable. Secondary independent variables consisted of age,
race, sex, CCI, LOS, and the development of postsurgical
complications.

We calculated the incidence of ED visits, complications,
and outpatient orthopaedic visits at the 30- and 90-day
intervals. The top five diagnoses, by ICD-9 code, associ-
ated with ED and orthopaedic outpatient visits were also
evaluated.

We used multivariable logistic regression models, ad-
justed for demographic and clinical characteristics, to
identify factors associated with ED use at 30- and 90-day
intervals. The interaction between race and sponsor rank
was controlled for in all statistical testing. Sensitivity
analyses based on the same parameters but excluding
active-duty personnel and a complete case assessment
limited to individuals with a reported race were also per-
formed to confirm the applicability of these findings to the
general population.

All statistical analyses were conducted using Stata,
Version 14.1 (StataCorp, College Station, TX, USA), and

statistical significance was set at odds ratios (ORs) with
95% confidence intervals (CIs) exclusive of 1.0. Data
analysis was performed between September 10, 2017, and
March 17, 2018.

From 2006 to 2014, 44,557 patients met our inclusion
criteria. Of these, 14,187 underwent THA and 30,370 un-
derwent TKA. The median age of the cohort was 58 years
(interquartile range [IQR], 52-62 years; Table 1). Most
patients undergoing both THA (78% [11,030 of 14,187])
and TKA (80% [24,199 of 30,370]) received the index
procedure at a civilian hospital. For both cohorts, the me-
dian LOS was 4 days. The proportion of patients who re-
ceived outpatient orthopaedic care after hospital discharge
was 46% (20,445 of 44,557) within 30 days and 67%
(29,744 of 44,557) at 90 days (Table 2). The overall
complication rate was 6% (2710 of 44,557) and 9% (3928
of 44,557) at 30 and 90 days, respectively.

We found that 24% (10,661 of 44,557) of patients vis-
ited the EDwithin 30 days of discharge and 35% (15,414 of
44,557) were seen in the ED within 90 days (Fig. 1). The
most common ICD-9 diagnosis associated with ED use

Table 1. Patient demographics and clinical and environment of care characteristics

Characteristic Overall (n = 44,557) (%) THA (n = 14,187) (%) TKA (n = 30,370) (%)

Age (years), median (IQR) 58 (52-62) 56 (50-61) 59 (54-62)

Female 23,713 (53) 6414 (45) 17,299 (57)

Race

White 24,268 (54) 8139 (57) 16,129 (53)

Black 5634 (13) 2102 (15) 3532 (12)

Asian/Pacific Islander 896 (2) 246 (2) 650 (2)

Other 1711 (4) 484 (3) 1227 (4)

Unknown 12,048 (27) 3216 (23) 8832 (29)

Beneficiary category

Active duty or guard 4067 (9) 1899 (13) 2168 (7)

Retired 17,790 (40) 6100 (43) 11,690 (38)

Dependent 20,406 (46) 5500 (39) 14,906 (49)

Other 2294 (5) 688 (5) 1606 (5)

Sponsor rank

Officer 10,039 (22) 3825 (27) 6214 (20)

Enlisted 32,093 (72) 9557 (67) 22,536 (74)

Other 2425 (5) 805 (6) 1620 (5)

Charlson comorbidity index

0 30,629 (69) 10,596 (75) 20,033 (66)

1 10,579 (24) 2730 (19) 7849 (26)

$ 2 3349 (8) 861 (6) 2488 (8)

Environment of care

Civilian hospital 35,229 (79) 11,030 (78) 24,199 (80)

Military hospital 9328 (21) 3157 (22) 6171 (20)

LOS (days), median (IQR) 4 (3-5) 4 (3-5) 4 (3-5)

IQR = interquartile range; LOS = length of stay
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within the study period was V57.1: care involving other
physical therapy (18% [2819/15,414]; Table 3). Pain was
the second most common primary diagnosis (6% [955 of
15,414]). Encounters for therapeutic drug monitoring (806
of 15,414) and long-term use of anticoagulants (727 of
15,414) each accounted for 5% of the diagnoses associated
with ED utilization.

The most commonly encountered codes associated with
the use of orthopaedic outpatient care (19,355 of 29,744
[65%]) were nonspecific or associated with aftercare
(v54.81, v43.65, 799.89). Codes for joint pain (719.46;
2134 of 29,744 [7%]) and joint osteoarthritis (715.16; 2056
of 29,744 [7%]) were also among the most frequently
documented reasons for outpatient orthopaedic visits.

Results

Association Between Outpatient Orthopaedic Care and
30- and 90-day ED Use

After controlling for potential confounding variables such
as age, medical comorbidities, and the environment of care,
we found that outpatient orthopaedic care was associated

with reduced ED utilization over both the 30- and 90-day
postoperative periods (Table 4). In the 30-day period,
accessing outpatient orthopaedic care resulted in a 31%
reduction in the odds of ED utilization (OR, 0.69; 95% CI,

Table 2. Postoperative care received and the development of complications

Characteristic Overall (n = 32,509) (%) THA (n = 10,971) (%) TKA (n = 21,538) (%)

30-day outcomes

Orthopaedic outpatient care 15,888 (49) 5283 (48) 10,605 (49)

Complications 1970 (6) 619 (6) 1351 (6)

ED use 7250 (22) 2204 (20) 5046 (23)

90-day outcomes

Orthopaedic outpatient care 22,624 (70) 7723 (70) 14,901 (69)

Complications 2824 (9) 886 (8) 1938 (9)

ED use 10,480 (32) 3299 (30) 7181 (33)

ED = emergency department.

Table 3. Top five primary diagnostic ICD-9 codes associated
with ED visits

ICD-9
code Diagnosis

Frequency
(%)

Overall

V57.1 Care involving other
physical therapy

2819 (18)

719.46 Pain in joint, lower leg 955 (6)

V58.83 Encounter for therapeutic drug
monitoring

806 (5)

V54.81 After care after joint replacement 736 (5)

V58.61 Long-term (current) use of
anticoagulants

727 (5)

THA

V57.1 Care involving other
physical therapy

576 (13)

719.45 Pain in joint, pelvic region,
and thigh

312 (7)

V58.83 Encounter for therapeutic drug
monitoring

285 (6)

V58.61 Long-term (current) use of
anticoagulants

249 (6)

V43.64 Hip replacement 247 (6)

TKA

V57.1 Care involving other
physical therapy

2243 (21)

719.46 Pain in joint, lower leg 933 (9)

V58.83 Encounter for therapeutic drug
monitoring

521 (5)

V43.65 Knee replacement 518 (5)

V54.81 After care after joint replacement 492 (5)

ICD-9 = International Classification of Diseases, 9th Revision;
ED = emergency department.

Fig. 1 The proportion of patients using ED services within 90
days of postsurgical discharge after THA or TKA is shown.
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0.65-0.74), whereas at 90 days, there was a 27% reduction
in the odds of ED use (OR, 0.73; 95% CI, 0.68-0.77). This
was unchanged in the sensitivity tests that limited consid-
eration solely to nonactive-duty individuals (see Appendix,
Supplemental Digital Content 2) as well as in the complete
case assessment (30-day OR, 0.68, 95% CI, 0.64-0.71;
90-day OR, 0.71; 95% CI, 0.68-0.75).

Factors Associated With 30- and 90-day ED Use
After TJA

After controlling for potential confounding variables such
as patient age, comorbidities, and the environment of care
(Table 4), we found that overall, care at civilian hospitals
(OR, 2.32; 95% CI, 1.14-2.52), longer LOS (OR, 1.06;
95% CI, 1.03-1.09), increased CCI (OR, 1.09; 95% CI,
1.02-1.18), and development of complications (OR, 2.74;
95% CI, 2.44-3.08) were associated with a higher likeli-
hood of ED use at 30 days. These findings remained

apparent for the 90-day period as well: care at civilian
hospitals (OR, 2.49; 95% CI, 1.32-2.68), longer LOS (OR,
1.07; 95% CI, 1.04-1.10), increased CCI (OR, 1.16; 95%
CI, 1.08-1.24), and development of complications (OR,
2.47; 95% CI, 2.24-2.72). These findings were also un-
changed in the sensitivity analyses performed. When the
interaction between race and sponsor rank was accounted
for, there was no significant association for race and ED
utilization at 30 (OR, 1.25; 95% CI, 0.99-1.58) or 90 days
(OR, 1.06; 95% CI, 0.87-1.29).

Discussion

In the current healthcare environment, stakeholders and
payers have made a concerted effort to contain healthcare
spending and improve efficiency [5, 9, 10, 19]. Outside of
treatment for postoperative complications, or as a means of
facilitating readmission, utilization of the ED after surgery
is expensive and frequently an inefficient use of healthcare

Table 4. Results of the multivariable logistic regression analysis regarding factors associated with emergency department (ED) use
after total joint arthroplasty overall, THA, and TKA

Characteristic Overall, OR (95% CI) THA, OR (95% CI) TKA, OR (95% CI)

30-day ED utilization

Age 1.00 (0.99-1.00) 0.99 (0.98-1.00) 1.00 (0.99-1.00)

Female 0.96 (0.87-1.06) 0.83 (0.69-1.00) 1.02 (0.90-1.15)

Beneficiary category (reference: active-duty personnel)

Retired 1.06 (0.95-1.18) 1.20 (1.01-1.44) 0.96 (0.84-1.10)

Dependents 1.14 (0.99-1.30) 1.57 (1.24-1.98) 0.94 (0.79-1.11)

Environment of care (reference: military hospital)

Civilian hospital 2.32 (1.14-2.52) 2.59 (2.23-3.02) 2.23 (2.02-2.46)

Length of stay 1.06 (1.03-1.09) 1.10 (1.04-1.15) 1.04 (1.00-1.07)

Charlson comorbidity index 1.09 (1.02-1.18) 1.03 (0.81-1.32) 1.10 (1.01-1.20)

30-day complications 2.74 (2.44-3.08) 3.05 (2.46-3.78) 2.62 (2.28-3.02)

30-day access of orthopaedic
outpatient care

0.69 (0.65-0.74) 0.70 (0.63-0.78) 0.69 (0.64-0.74)

90-day ED utilization

Age 1.00 (0.99-1.00) 0.99 (0.98-1.00) 1.00 (0.99-1.01)

Female 1.09 (0.99-1.19) 1.00 (0.85-1.17) 1.12 (1.01-1.26)

Beneficiary category (reference: active-duty personnel)

Retired 0.94 (0.85-1.03) 1.00 (0.86-1.17) 0.88 (0.78-1.00)

Dependents 1.00 (0.88-1.13) 1.21 (0.99-1.48) 0.88 (0.76-1.03)

Environment of care (reference: military hospital)

Civilian hospital 2.49 (1.32-2.68) 2.67 (2.35-3.04) 2.43 (2.23-2.65)

Length of stay 1.07 (1.04-1.10) 1.08 (1.04-1.13) 1.06 (1.03-1.09)

Charlson comorbidity index 1.16 (1.08-1.24) 1.13 (1.00-1.29) 1.16 (1.08-1.26)

90-day complications 2.47 (2.24-2.72) 2.92 (2.46-3.47) 2.30 (2.05-2.58)

90-day access of orthopaedic
outpatient care

0.73 (0.68-0.77) 0.70 (0.63-0.78) 0.74 (0.69-0.80)

OR = odds ratio; CI = confidence interval.
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resources [1, 10, 17]. As a proxy for continuity of care after
surgery, we believe that access of outpatient orthopaedic
services can effectively mitigate the need for patients to
seek treatment in the ED. Although prior research has fo-
cused on characterizing clinical and sociodemographic
characteristics associatedwith EDuse after TJA [1, 7, 17, 18],
the ability of orthopaedic outpatient care to reduce such
behavior has not been extensively studied. In this study,
we found that orthopaedic outpatient care decreased the
likelihood of ED utilization at both 30 and 90 days after
surgery. Furthermore, we also determined that a number of
clinical characteristics, including index hospital LOS,
medical comorbidities, and the development of complica-
tions, increased the potential for patients to return to
the ED.

We recognize that this study contains several limi-
tations. Foremost, this analysis was performed using
TRICARE, which provides care to military service
members, retirees, and their dependents. Approximately
21% (9328 of 44,557) of the population was also treated at
a Department of Defense healthcare facility. The extent to
which healthcare delivery differs within this population
may impair the translational capacity of our results. For
example, the index hospital LOS reported for our pop-
ulation was slightly longer than in other contemporary
work, the percentage of patients utilizing the ED was
higher, and some of the diagnoses associated with ED use
were different than those reported elsewhere [1, 7, 11, 12,
17, 18]. As a claims-based study, we may more reliably
identify ED visits than investigations that rely on state-
wide or hospital registries. Although we did adjust for
LOS in our analyses, we cannot characterize the extent to
which underlying differences in ED utilization practices
could influence the generalizability of these findings. We
also recognize that our determinations derive from a ret-
rospective review of claims data. The original purpose of
these data was for adjudication of healthcare claims and
remuneration rather than research. The capacity to estab-
lish firm clinical recommendations and determine cau-
sality is thus limited. Moreover, our reliance on claims
restricts the ability to obtain nuanced information, in-
cluding discharge plans, ease of patient access to out-
patient care services as well as severity and duration of
symptoms that prompted a return to the ED. ED diagnoses
alone are insufficient to understand the clinical picture that
culminated in a decision to access the ED. Although useful
to suggest opportunities for further study, additional re-
search using more clinically granular data would be nec-
essary to generate appropriate interventions capable of
reducing ED utilization.

Furthermore, we cannot detail why only 67% of our
study population had received documented outpatient or-
thopaedic care at 90 days after surgery. We relied on
TRICARE-provided taxonomy codes to identify receipt of

outpatient orthopaedic services. Some patients may have
been directed to or chose to followup with primary care
providers. Others may have received outpatient orthopae-
dic care that was not reported to the insurer. The use of
orthopaedic services not reported to TRICARE would be
missed, and thus the use of outpatient services could be
underestimated to some extent. The extent of this phe-
nomenon cannot be quantified nor can its potential impact
on our study findings. Another limitation of this study
could include the military affiliation of some patients,
which might also influence the generalizability of study
results. We seek to emphasize that TRICARE data have
been widely used for surgical and nonsurgical research in
the past with the population demographics of beneficiaries
found to approximate those of the US general population
younger than 65 years [3, 4, 13-15]. To further address this
concern, we performed a sensitivity analysis that excluded
any active-duty personnel. Importantly, the results of the
sensitivity tests did not differ from the overall analysis.
Given the age limitations associated with this study,
which were necessary to ensure accurate documentation
of surgical and outpatient services, we realize that the
findings may not be completely translatable to the Medi-
care population.

Several studies have previously considered read-
mission after joint replacement, but relatively few have
focused on ED utilization in the absence of readmissions.
Using statewide registries, Trimba et al. [18] found
that joint pain or limb swelling was the most common
cause for accessing the ED after a joint replacement.
Similar findings were reported in the work of Finnegan
et al. [7] and the single-center study of Sibia et al. [17].
Interestingly, in the work of Sibia and colleagues,
medication-related issues were the second most frequent
cause of an unplanned ED visit [17]. Although Finnegan
et al. theorized that improvements in postoperative care
could mitigate the need for ED utilization after joint re-
placement [7], none of these studies evaluated the asso-
ciation between orthopaedic outpatient care and return
visits to the ED. The top five diagnoses associated with an
ED visit in our study represent inadequate pain control,
the need for physical therapy, and the management of
anticoagulants. In this context, the need for physical
therapy suggests an inability to mobilize effectively or to
be sufficiently functional in the postdischarge environ-
ment. The nature of our analysis prevented us from
ascertaining the exact clinical circumstance surrounding
ED use. However, based on the consideration of primary
ED diagnosis codes, many of these encounters could have
been managed in the outpatient setting with the appro-
priate care resources. When considering that at 90 days
only 3928 patients sustained a complication, a substantial
number of ED visits (11,486 of 15,414 [75%]) appears to
be avoidable.
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Prior work has investigated clinical and sociodemo-
graphic characteristics associated with ED utilization after
TJA [1, 7, 11, 17, 18]. Perhaps not surprisingly, as en-
countered in this study, one of the main drivers of un-
planned ED visits is the development of postoperative
complications [1, 17, 18]. Outside of this, increased
medical comorbidities and a patient’s body mass index
have also been associated with the likelihood of an un-
planned return to the ED and readmission [7, 12, 17, 18].
Finnegan et al. reported that Medicare or Medicaid in-
surance were also associated with ED use after TJA [7].
The TRICARE population enjoys universal healthcare
coverage irrespective of vocation, work status, or educa-
tional level [13-15], which eliminates our ability to con-
sider such factors in the present work. Although Adelani
et al. [1] and Finnegan et al. [7] both reported black race to
be associated with ED utilization after joint replacement,
we did not encounter a significant association once we
accounted for other sociodemographic characteristics in
our cohort. This may reflect the fact that other socio-
demographic factors, including insurance status, ability to
navigate the healthcare system, and healthcare segrega-
tion, are often confounded by race.

In conclusion, this study found that accessing ortho-
paedic outpatient care effectively reduced the likelihood of
ED utilization within the 90-day period after joint re-
placement. Our findings have immediate implications for
clinical practice and are of clear interest to surgical pro-
viders, hospitals, patients, and third-party payers. They
indicate that proper coordination and communication re-
garding postdischarge services may reduce ED use after
discharge. The large sample size, the fact that patients are
drawn from centers across the United States, and the di-
verse demographic, educational, vocational, and functional
characteristics of the population insured through TRI-
CARE [4, 13-16] may allow the results presented here to
be more readily translated to clinical practice, but further
research is clearly required. The need for a more granular
assessment of the scenarios leading to EDvisits is suggested
by our work and this could be addressed using a pro-
spective, mixed-methods design. Additionally, a study into
specific interventions that ensure access to postoperative
outpatient care, improve discharge instruction comprehen-
sion, and access to postoperative care resources could ac-
tualize benefits that are presently only suggested in our
study findings.
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