
Introduction
Total hip arthroplasty (THA) is an invasive procedure,
and despite excellent long-term outcomes and improve-
ment in function, initial post-operative pain can be diffi-
cult to manage [1]. Throughout the 1990’s there was a
significant effort to focus on controlling patients’ post-
operative pain. In 1999, the California legislature man-
dated recording of patient’s pain along with vital sign
measurements [2]. This newfound focus on pain as a
vital sign in the 2000’s, in conjunction with research
demonstrating that pain is one of the most important
determinants of satisfaction following THA [3], led to
widespread increased utilization of opioids in the peri-
operative period.

Opioids continue to be commonly used to control im-
mediate post-operative pain. However, more recently,
the opioid epidemic has garnered significant attention as
the number of opioid related deaths and chronic opioid
users continue to grow [4]. Amongst interventions lead-
ing to chronic opioid use, spine and orthopaedic proce-
dures have stood out as the top two drivers for initial
prescriptions that lead to sustained opioid use [5]. Thus,
some legislators have made efforts to amend opioid pre-
scribing practices and instituted maximum prescribing
limits. For arthroplasty surgeons in particular, this has
been an area of active research and discussion through-
out the American Association of Hip and Knee Surgeons
(AAHKS), in an effort to investigate and change opioid
prescribing habits.

The purpose of this study is to describe the relation-
ship of time and state-level interventions and opioid fill-
ing surrounding total hip arthroplasty (THA) in the
United States.

Method
Study design
This was a descriptive study of perioperative opioid fill-
ing in patients undergoing primary total hip arthroplasty
between 2010 and 2018 using a large, national database.
This study was designed and reported in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement on obser-
vational studies [6]. This study was approved by the
institutional review board.

Variables and data sources
All patients ages 18 and older undergoing primary total
hip arthroplasty were identified in the PearlDiver
(PearlDiver, Inc.) Mariner dataset (see Additional file1:
Table S1 for codes used to identify primary total hip
arthroplasty) and opioid filling trends evaluated from
30-days pre-operative to 90-days post-operative. This
dataset includes information on 122 million distinct pa-
tients from 2010 to 2018 with a broad geographic and

demographic variety of insurance coverage (Medicare,
Medicaid, commercial, and cash-pay) in the United
States. The database facilitates blinded longitudinal,
patient-specific tracking of information available
through International Classification of Disease (ICD)-9,
ICD-10, and Current Procedural Terminology (CPT)
codes. Importantly, this database keeps record of pa-
tients across states, providers, and care settings. Fur-
ther, it includes information on all prescriptions filled
at all pharmacies within the United States with excep-
tion of inpatient pharmacies. All opioids were included
in this study with exception of opioids intended for
cough suppression, which were identified by presence
of alpha-agonists or anti-histamines. In line with recent
recommendations on opioid-related database studies in
orthopaedic surgery, this specific dataset was selected
due to the granular, patient-level information that it
provides on opioid filling [7]. Although this dataset
provides users exceptional granularity, researchers are
blinded to the data and are limited in statistical testing
to preserve anonymity. For that reason, a descriptive
approach was utilized. In order to select a cohort of pa-
tients with broad applicability to patients undergoing
primary total hip arthroplasty for osteoarthritis, exclu-
sion criteria included prior hip fracture diagnosis (see
Additional file 1: Table S1 for codes used to exclude
hip fracture) and patients with exceptionally high peri-
operative opioid demand (> 8000 morphine milliequiva-
lents or 467 oxycodone 5-mg equivalents or OE’s filled
from 1-month pre-operative to 3-months post-
operative). The cohort included all patients with active
insurance status from 6-months pre-op to 3-months
post-op, n = 541,353. The main study outcomes were
the volume of opioids filled and rate of opioid filling
and refills over the study timeframe. Filled prescriptions
were converted from oral morphine equivalents
(OME’s) into oxycodone 5-mg equivalents (OE’s) for
ease of interpretation using conversion factors pro-
posed by the Centers for Disease Control (CDC) [8].
Baseline patient and operative factors were recorded in-
cluding age, sex, obesity (see Additional file1: Table S1
for coding definition), Charlson comorbidity index
(CCI), pre-operative (6-months to 1-month pre-
operative) opioid filling, year of surgery, and state of
opioid prescription. Patients that filled opioid prescrip-
tions within the 6-month to 1-month pre-operative
window were dichotomized into patients with one ver-
sus two or more prescriptions. The patients with two
or more prescriptions were considered to have chronic
opioid use, similar to definitions used by the CDC.
However, the 1-month pre-operative period was ex-
cluded since some patients may have received and filled
an opioid prescription pre-operatively intended for
post-operative usage [9].
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Next, opioid prescribing legislation was reviewed for
each state (see Additional file2: Table S2, [10]). Some
states limited opioid duration, volume, or both factors.
Additionally, some states passed legislation that was spe-
cific to certain small subgroups of patients such as pa-
tients on Medicaid. In this analysis, only legislation that
affected all state residents was considered. Legislation
dates were determined for each state and opioid filling
was evaluated before and after legislation. Some states
have not enacted legislation. In this case, September 10,
2017 was used as the before/after date since it was the
mean date of legislation passage in the cohort of states
in which opioid legislation was passed. Lastly, year-
specific rates of initial prescriptions exceeding 90 OE’s
(675 MME’s) were also evaluated to determine the rela-
tionship of time and outlier prescribing. 90 OE’s was
chosen to represent a“large” opioid prescription based
on a prior study [11].

Data analysis
A descriptive approach was selected rather than an in-
ferential approach. Trends were clear and statistical
comparisons were not particularly useful in setting of
the exceptionally large sample size. Further, advanced
statistical testing such as multilevel modeling, which
could address anticipated year-level and state-level clus-
tering, is not available within the blinded dataset and
statistical environment that PearlDiver offers. Baseline
characteristics and outcomes were displayed with means
(standard deviations), medians, or proportions (percent-
ages) as appropriate. Unadjusted outcomes were calcu-
lated including mean OE’s per filler and rates of one or
more or two or more opioid prescriptions. Prescription
filling data were broken down by year, legislation pres-
ence/absence, legislation type, and state to further
analyze these factors.

Funding
There were no sources of funding for this study.

Results
Most patients were 65 and older (Table1). Males
comprised 43% of the population. 20% of patients
were obese. 23.4% of patients filled two or more opi-
oid prescriptions within the 6-month pre-operative to
1-month pre-operative timeframe. The median CCI
was 0, while the mean was 1.1. The distribution of
patients across the 2010–2018 timeframe was even
with consideration of fewer patients that were able to
meet active insurance status at the end of the data-
set’s available timeframe (2018) and fewer patients
available for analysis in 2010.

As shown in Table2, initial opioid filling volume has
not changed dramatically (56.2 OE’s in 2010 to 51.7

OE’s in 2018). However, the overall cumulative (151.9
OE’s in 2010 to 111.7 OE’s in 2018) opioid filing volume
has decreased 26% since 2010. This drop appeared to be
most dramatic between 2016 and 2018. Rates of initial

Table 1 Baseline patient and operative characteristics

Baseline patient and operative
characteristics

Study cohort (n =
541,353)

Age

18 to 19 years 185 (0%)

20 to 24 years 713 (0.1%)

25 to 29 years 1274 (0.2%)

30 to 34 years 2149 (0.4%)

35 to 39 years 4214 (0.8%)

40 to 44 years 8927 (1.6%)

45 to 49 years 19,830 (3.7%)

50 to 54 years 41,043 (7.6%)

55 to 59 years 66,534 (12.3%)

60 to 64 years 85,568 (15.8%)

65 to 69 years 91,048 (16.8%)

70 to 74 years 122,581 (22.6%)

75 to 79 years 93,717 (17.3%)

80 to 84 years 3570 (0.7%)

Male sex 234,875 (43.4%)

Obesity 109,291 (20.2%)

Pre-operative opioid use

One pre-op opioid prescription 79,174 (14.6%)

Two or more pre-op opioid prescriptions 126,792 (23.4%)

Charlson comorbidity index

CCI 0 289,815 (53.5%)

CCI 1 109,118 (20.2%)

CCI 2 62,630 (11.6%)

CCI 3 34,447 (6.4%)

CCI 4 17,597 (3.3%)

CCI 5 or more 27,746 (5.1%)

Mean CCI (SD) 1.1 (1.77)

Year

2010 21,718 (4%)

2011 61,833 (11.4%)

2012 66,077 (12.2%)

2013 70,591 (13%)

2014 75,123 (13.9%)

2015 74,112 (13.7%)

2016 73,574 (13.6%)

2017 69,798 (12.9%)

2018 28,514 (5.3%)
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opioid prescription volume exceeding 90 oxycodone 5-
mg equivalents increased from 2010 (6.4%) to 2015
(10.3%) and then decreased to 2018 (5.6%).

When compiling states with and without legislation
and evaluating initial and cumulative opioid prescrip-
tions pre-act and post-act, states with and without legis-
lation have had reductions in opioid filling. However,
states with legislation had larger magnitude of reduc-
tions in both initial and cumulative filling volume
(Table 3) compared to states without legislation (9.8 vs
1.3 initial and 33.8 vs 16.8 cumulative OE’s).

States with legislation targeting duration and volume
had the largest reductions in pre-act to post-act opioid
filling volume (Table 4). Figures1 and 2 show a heat
map of initial and cumulative opioid filling volume be-
fore and after legislation for specific states.Appendix
Figures 3 and 4 show year-level changes in state-specific
opioid legislation.

Table 5 demonstrates reductions in pre-act to post-act
initial and cumulative opioid filling volumes. With re-
gard to initial prescription filling volume, differences
were largest in Arizona, Hawaii, Massachusetts,

Michigan, North Carolina, New York, Ohio, and Rhode
Island (exceeding 10 oxycodone 5-mg equivalents).
Meanwhile, while there were large reductions in cumula-
tive opioid filling volume for many states. Notably, Ari-
zona and New Hampshire each had reductions greater
than 40 OE’s.

Discussion
This descriptive study reports perioperative opioid filling
volume and rates of opioid filling and refills after pri-
mary, THA in a large, commercially available insurance
database from 2010 to 2018. The purpose of the study
was to describe the relationship of time and opioid-
related legislation on perioperative opioid filling. In
doing so we reported general trends of opioid prescrip-
tion, including identifying potential variation by state
level legislations. Specifically, cumulative (152 OE’s in
2010 to 112 OE’s in 2018) opioid filling volume has de-
creased since 2010 while initial opioid filling volume (56
OE’s in 2010 to 52 OE’s in 2018) and the rate of initial
opioid filling volume exceeding 90 OE’s (6.4% in 2010
and 5.6% in 2018) has remained largely unchanged.
States with legislation targeting opioid prescription dur-
ation and volume had the largest decreases in initial and
cumulative opioid prescription filling. This was a de-
scriptive study so while these findings are compelling,
they should primarily be used to generate hypotheses for
future study of this important topic.

Due to the growing attention around the opioid epi-
demic and evidence suggesting that orthopaedic proce-
dures may contribute to chronic opioid use, research on
perioperative opioids around THA has become increas-
ingly common [2]. Delaney et al. demonstrated that for
opioid naïve patients 65 years of age or greater undergo-
ing THA, high initial opioid prescriptions were corre-
lated with prolonged opioid use [12], and Hannon et al.

Table 2 Year-specific opioid filling volumes and rates across the entire study cohort in oxycodone 5-mg equivalents. Mean
(standard deviation) or sample size and percentage displayed

Timeframe Oxycodone 5-mg equiva-
lents (first prescription)

Oxycodone 5-mg equiva-
lents (cumulative)

1 or more opioid
prescriptions

2 or more opioid
prescriptions

Initial volume > 90
oxycodone 5-mg
equivalents

2010 56.2 (38.9) 151.9 (105.3) 12,917 (59.5%) 8171 (37.6%) 1387 (6.4%)

2011 55.8 (38.7) 141.8 (105.7) 39,590 (64%) 26,208 (42.4%) 4319 (7%)

2012 56.8 (38.6) 140.8 (104.9) 42,277 (64%) 27,684 (41.9%) 4901 (7.4%)

2013 57.5 (38.3) 140.2 (104.5) 46,734 (66.2%) 30,102 (42.6%) 5666 (8%)

2014 58.7 (38.8) 139.8 (102.4) 50,784 (67.6%) 32,575 (43.4%) 6508 (8.7%)

2015 62.2 (39.9) 140.4 (101) 50,271 (67.8%) 31,286 (42.2%) 7622 (10.3%)

2016 61.5 (39.6) 136.8 (99.7) 51,373 (69.8%) 31,429 (42.7%) 7311 (9.9%)

2017 57.7 (37.3) 126.5 (96.1) 49,009 (70.2%) 29,448 (42.2%) 5619 (8.1%)

2018 51.7 (33.9) 111.7 (91.3) 19,943 (69.9%) 11,484 (40.3%) 1590 (5.6%)

Table 3 Pre-act and post-act initial and cumulative opioid filling
in oxycodone 5-mg equivalents in states with and without
legislation. Mean (standard deviation, sample size) displayed

Pooled states Pre-act Post-act

Initial prescription

With legislation 59.6 (39.3;n = 251,007) 50.1 (31.9;n = 29,261)

Without legislation 58.1 (38.7;n = 60,614) 56.8 (37.3;n = 5024)

Cumulative prescriptions

With legislation 140.2 (103.1;n = 373,988) 106.4 (87.9;n = 42,113)

Without legislation 142.5 (103.6;n = 93,674) 125.7 (96;n = 7297)
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Table 4 Initial and 90-day post-operative cumulative opioid filling volume in pre-act and post-act legislation cohorts by legislation
type in oxycodone 5-mg equivalents. Means and standard deviations displayed

Legislation type Pre-act Post-act

Initial

No legislation 58.1 (38.7; n = 60,614) 56.8 (37.3; n = 5024)

Duration 59.6 (39.7;n = 187,681) 50.7 (32.1;n = 22,757)

Volume 58.9 (37.7;n = 6763) 54.8 (34.3;n = 699)

Duration and volume 58.9 (38;n = 35,602) 46.1 (29.8;n = 4638)

No specified duration or volume 60.1 (39.1;n = 20,961) 51.7 (31.8;n = 1167)

Cumulative

No legislation 142.5 (103.6; n = 93,674) 125.7 (96; n = 7297)

Duration 139.9 (103.3;n = 278,282) 106.7 (87.3;n = 32,772)

Volume 139.6 (102.2; n = 10,779) 113 (92;n = 1040)

Duration and volume 142.6 (103.4;n = 51,505) 103 (89.8;n = 6531)

No specified duration or volume 138.8 (100.7;n = 33,422) 109.9 (89.7;n = 1770)

Fig. 1 First opioid prescription volume pre-act and post-act heat map. States in grey had insufficient data post-act to display. For states without
legislation, 9/10/2017 was used as the act date
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showed that when more tablets are prescribed, it was in-
dependently associated with greater consumption, des-
pite no differences in pain scores or patient reported
outcomes measures [11]. This is important, because sev-
eral authors have demonstrated that institutional proto-
cols for prescribing can directly lead to a reduction in
opioid consumption [13–15]. Still, however, the
optimum number of narcotic tablets to prescribe at dis-
charge is multifactorial and likely influenced by individ-
ual institution’s multimodal analgesia protocols, patient
factors, and surgeon and hospital experience. Runner
et al., in a prospective cohort study, demonstrated that
the average number of days taking narcotic analgesia
was 8.5, with an average of 20.8 pills taken during that
time (despite 72.5 pills prescribed) [16]. In a recent

survey of AAHKS members, the average number of nar-
cotics tablets prescribed was 44 (range 0–200) at dis-
charge from THA, with 74% of respondents utilizing
multimodal analgesia [17]. Indeed, there remains signifi-
cant variability in opioid prescribing after THA, with
higher tablet volumes coming from providers with fewer
years in practice and who had higher volume practices
[18].

In part, based on the growing body of evidence dem-
onstrating perioperative opioid use as contributing to
prolonged narcotics use, individual State and the Federal
government have passed opioid legislation [19] enacting
prescribing limits, clinical guidelines, prescription drug
monitoring programs, mandated continuing education,
and recovery centers. Rhode Island law to reduce opioid

Fig. 2 Cumulative opioid prescription volume pre-act and post-act heat map. States in grey had insufficient data post-act to display. For states
without legislation, 9/10/2017 was used as the act date
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