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Objectives: The opioid epidemic has become a public health crisis, with orthopedic
surgeons among the highest prescribers of opioids. Total joint arthroplasty (TJA)
represents a large portion of orthopedic surgeries performed annually, with opioids
commonly utilized in post-operative pain management. Understanding opioid
administration patterns following TJA is important to better inform post-operative pain
management prescribing and reduce opioid reliance in postoperative care. The purpose of
this study was to characterize opioid use following TJA across various healthcare
institutions and settings.

Methods: A 5-year retrospective study was performed utilizing patient data collected by
Avalon.ai from 3 large health systems around the US. The data was screened for patients
undergoing total knee arthroplasty (TKA) and total hip arthroplasty (THA) between 2018
and 2022 (n=4,472). Patient records were screened for administration of opioids following
TJA, defined as average morphine milligram equivalents (MME).

Results: The average MME for combined TKA (n=2,913) and THA (n=1,571) increased
significantly from 24 # 18 in 2018 to 33 + 28 in 2022 (P <.0001). Average MME increased
for TKA from 26 + 19 in 2018 to 35 = 27 in 2022 (P <.0001) and THA from 23 # 16 in 2018
to 27 £ 31 in 2022 (P <0.03). Additionally, the average MME was higher following
inpatient TJA than outpatient, with variation in MME amongst healthcare institutions in
recent years.

Conclusion: Opioid administration following TJA increased annually over the study
period, with significant variation in average MME following TJA across healthcare
institutions. Continued efforts are needed to deploy evidenced-based post-operative pain
management after TJA to avoid over-prescribing opioids, minimize inter-institutional
variability, and maximize patient experience.

INTRODUCTION but combatting it requires both public awareness of the

harm of opioids and physician employment of opioid stew-
The opioid epidemic is a public health crisis affecting pa- ardship.»* At the f?refront O.f pre.scribers are orthope.zdic
tient populations across multiple medical specialties.! In Surgeons, representing the third highest opioid prescriber
2018 alone, a reported estimate of 10 million people mis- specialty, falling behind family practitioners and internists,
used opioid drugs, and over two million were diagnosed and accounting for 7.7% of total prescribed opioids.® Total
with opioid use disorder.2 By 2021, opioid-related deaths joint arthroplasty (TJA) represents a large portion of or-

surpassed over 100,000 deaths annually and became the thopedic surgeries performed annually, routinely relying on
opioids for postoperative pain management.’ Despite gen-

leading cause of death among young adults, surpassing car
eralized efforts aimed at institutions to develop opioid pre-

accidents.3 The cause of the opioid crisis is multi-factorial,
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scription guidelines for common surgeries such as TJA, they
have not been widely adopted.8-11

Academic centers have been at the forefront of pioneer-
ing evidenced-based opioid prescribing following TJA surg-
eries. Recognizing their crucial role in shaping clinical
practices, these institutions have re-evaluated their pain
management protocols to strike a balance between ade-
quate pain relief and minimizing opioid dependence.811
Despite this pendulum change towards a more conservative
approach in opioid prescribing, there is little data, to our
knowledge, that quantifies prescribing pattern trends. Un-
derstanding opioid administration patterns following TJA
can better inform post-operative pain management pre-
scribing, reduce opioid reliance in post-operative care, and
lead to the development of new guidelines for management
that could mitigate the risk of opioid misuse. Therefore,
this study aims to characterize opioid administration pat-
terns following primary total knee arthroplasty (TKA) and
total hip arthroplasty (THA) across multiple healthcare in-
stitutions and healthcare settings to better understand
trends in recent years.

METHODS

The institutional review board was not required as the data
analyzed was drawn from Avalon.ai (Philadelphia, PA), a
third-party agent, with all patient information provided de-
identified by respective institutions. Avalon.ai is a value-
based data analytics company that provides healthcare-re-
lated data for payors, providers, and medical device/pharma
companies. 12

A retrospective analysis was performed utilizing de-
identified patient data culled by Avalon.ai, consisting of 3
geographically diverse institutions: Institution #1 in New
York state (representing the Northeast) between 2020 to
2022, Institution #2 in Iowa (representing the Midwest) be-
tween 2018 to 2022, and Institution #3 in Louisiana (rep-
resenting the South) between 2021 to 2022. The data was
screened for patients undergoing TKA and THA (n=4,472).
Patient cohorts were determined by healthcare institutions:
Institution #1 (n=669), Institution #2 (n=1,993), and Insti-
tution #3 (n=1,810). Patient cohorts were stratified by pro-
cedure type: TKA (n=2,913) and THA (n=1,571) and pro-
cedure setting: inpatient TKA (n=211), inpatient THA
(n=273), outpatient TKA (n=2,705), and outpatient THA
(n=1,300). This study did not utilize patient-identifiable in-
formation and was subsequently deemed Internal Review
Board (IRB) exempt.

The primary outcome was the administration of opioids
within the healthcare setting immediately following re-
spective surgeries. Opioid values were defined as morphine
milligram equivalents (MME), representing the potency of
the opioid dose relative to morphine. Analyses were per-
formed by surgery and healthcare institutions to determine
MME trends.

STATISTICAL ANALYSIS

Descriptive analyses were performed to compare average
MME across years, between procedure type, setting, and
healthcare institution. Differences between categorical ex-
posure and continuous outcome measures were compared
using 2-tailed z-tests and analysis of variance (ANOVA) test
as appropriate. All P-values presented were 2-sided, with
a P-value of <.05 considered statistically significant. Tukey
HSD (honest significant difference) post hoc analyses were
conducted using ANOVA testing to indicate significant dif-
ferences between groups.

RESULTS

Opioid administration was analyzed using the TJA surgical
procedure type, surgery setting, and center.

4,472 TJA surgeries were performed between 2018 and
2022 [Table 1]. When combining institutions, there was a
significant increase in average MME for TJA from 24 * 18
in 2018 (n=421) to 33 * 28 in 2022 (n=1233) (P <.0001)
with statistical difference between annual groups (P <.0001)
[Figure 1].

OPIOID ADMINISTRATION BY PROCEDURE TYPE

There was a significant difference in average MME follow-
ing TKA (P<.0001) among annual groups, with a significant
increase from 26 = 19 in 2018 to 35 * 27 in 2022 (P=0.0002).
THA had a significant difference in average MME across an-
nual groups (P=0.03), with an insignificant increase from 23
*#16in 2018 to 27 + 31 in 2022 (P=0.316). TKA had a signifi-
cantly higher average MME when compared to THA in 2021
(35 £29vs 28 = 29, P<.0001) and 2022 (35 + 27 vs 27 £ 31,
P=0.0004).

OPIOID ADMINISTRATION BY SURGERY SETTING

When combined for healthcare institutions, there was a sig-
nificant difference in average MME following inpatient TKA
(P=0.0003) across annual groups, with a significant increase
from 31 # 24 in 2020 to 35 % 29 in 2022 (P=0.0172). [Figure
2] Inpatient THA had significant differences among annual
groups for average MME (P=0.0188), with an insignificant
increase from 15 *+ 22 in 2018 to 30 * 38 in 2022 (P=0.4).

There was a significant difference between annual
groups for outpatient TKA (P<.0001), with a significant in-
crease from 30 * 38 in 2018 to 35 * 26 in 2022 (P=0.0002).
There was a significant difference between annual groups
for outpatient THA (P<.0001), with an insignificant reduc-
tion from 24 *+ 14 in 2018 to 24 * 14 in 2022 (P=0.9980).

In 2021, inpatient surgeries had a significantly higher
average MME of 38 + 33 compared to outpatient surgeries
(31 £ 28, p=0.0004). There was an insignificant difference in
average MME in 2022 (P=0.9332)

OPIOID ADMINISTRATION BY INSTITUTION

There were significant differences in average MME admin-
istered when combining surgeries and surgery settings
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Table 1. Average 5-year MME means with SD for combined TKA/THA and surgery setting with respective P-values

included.
Average MME  Standard Deviation (SD) (%)
2018 2019 2020 2021 2022 P-
Year (N=421) (N=507) (N=603) (N=1708) (N=1233) Value
Surgery 24+18 23+15 23+26 33+29 33+28 <.0001
TKA 26+ 19 (44%) 24+ 16 (53%) 22+ 15 (45%) 35+29(71%) 35+ 27 (78%) <.0001
THA 23+ 16 (56%) 22+ 14 (47%) 25+ 31(55%) 28+29(29%) 27 +31(22%) 0.03
Surgery Setting
31+24

Inpatient TKA 0% 0% (4.9%) 38+ 27 (4.8%) 35+29(10%) 0.0003

15+22 17+14 36+50
Inpatient THA (6.2%) (4.1%) (6.9%) 38+ 37 (6%) 30+ 38(6.5%) 0.0188
Outpatient
TKA 26+ 19 (44%) 24+ 16 (53%) 22+ 15 (43%) 35+29(67%) 35+26(68%) <.0001
Outpatient
THA 24 + 14 (49%) 23+ 14 (43%) 19+ 12 (45%) 21+20(23%) 24+ 19 (15%) 0.0002

TKA=Total knee arthroplasty; THA=Total hip arthroplasty; MME=Morphine milligram equivalent; SD=Standard deviation
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Figure 2. Average MME for combined institutions by
surgery setting

amongst the healthcare institutions in 2021 and 2022
(P<.0001). [Table 2]

DISCUSSION

This study yielded some patterns in opioid administration
following TJA, including an overall increasing MME trend,
higher MME post-TKA, and higher MME following inpatient
TJA, with variation in MME amongst healthcare institu-
tions in recent years. TJA is commonly associated with high
opioid administration postoperatively.”!3 Due to the evo-
lution and subsequent high success rates of modern TJA,
the past several decades have dramatically increased vol-
ume, making it the most commonly performed orthopedic
surgery.l4 Based on recent volume counts, it is estimated
that TKA and THA will increase by 469% and 659%, re-
spectively, by 2060.15 As such, it is pertinent to understand
administration patterns related to TJA to curtail inappro-
priate dispensing of these drugs. The focus within the liter-
ature has shifted to reducing opioid prescriptions following
T]A_7,13,16

When comparing administration patterns following TKA
and THA, there was higher opioid consumption for TKA in
recent years. Numerous retrospective studies found similar
findings, with more prescriptions and higher utilization of
opioid medication by TKA patients and a higher likelihood
of developing chronic opioid use after surgery.1®17 In a
study examining opioid prescriptions following TJA in opi-
oid-naive patients, TKA patients were prescribed 632 MME
in contrast to THA patients receiving a mean of 416 MME.16
Goesling et al. found 8.2% and 4.3% of opioid-naive pa-
tients continued consuming opioids six months post-TKA
and THA, respectively. In contrast, 53% of TKA and 35% of
THA patients who reported opioid use on the day of surgery
continued to use opioids at six months.!7 Increased opi-
oid utilization post-TKA has been attributed to the painful
rehabilitation occurring during the acute post-surgery pe-
riod, which is essential for enhanced recovery.18 Roebke et
al. found that patients undergoing TKA had higher daily in-
patient opioid use, a higher total 90-day number of opioids
prescribed, and a higher likelihood of requesting an opi-
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Table 2. Average MME means with SD for comparisons during 2021 and 2022 by institution, surgery type, and

surgery setting.
Average MME * Standard Deviation (SD) (%)

Institution Institution 1 Institution 2 Institution 3 P-Value
A2021 16+12 28+31 41+30 <.0001
A2022 14+6.7 26+23 36+29 <.0001
Surgery TKA THA
A2021 35+29 28+29 <.0001
A2022 35+27 27+31 0.0004
Surgery Setting Inpatient Outpatient
A2021 38+33 31+28 0.004
A2022 33+33 33+25 0.9332

TKA=Total knee arthroplasty; THA=Total hip arthroplasty; MME=Morphine milligram equivalent; SD=Standard deviation

oid refill post-discharge.1? In a study examining opioid use
during hospitalization following TKA, there was a reduc-
tion in daily average MME from 2016 to 2021 (43 % 69 vs.
15 % 29).20 In contrast, this study found an increase in MME
from 2018 to 2022 following TKA (26 * 19 vs. 35 * 27).

Over-administration of opioids following inpatient TJA
has been studied, with rates of 34% following TKA and
140% following THA.13 Varady et al. found outpatient TJA
to be associated with reduced opioid prescribing when com-
pared to inpatient TJA (79% vs 88%). Among the patients
receiving opioids, there was no significant difference in
MME when comparing inpatient to outpatient. However,
inpatient TJA patients were more likely to continue taking
opioids after 90 days postoperatively.2! Similar patterns of
opioid administration were noted within this study, as av-
erage opioid consumption was significantly higher for in-
patient TJA than outpatient in 2021 when combined for
healthcare institutions, and there was no difference in
2022. This trend is likely attributable to increased focus on
multimodal protocols for pain management in the outpa-
tient setting.22 Similar increased attention to multimodal
analgesia in the inpatient setting may further reduce opioid
overprescribing following inpatient TJA.23 Medical opti-
mization through a multidisciplinary approach has allowed
TJA to be more feasible for younger patients in which
quicker recovery times are expected, necessitating appro-
priate pain management postoperatively in the outpatient
setting.24

In 2021 and 2022, there was a significant difference in
average MME when comparing individual healthcare in-
stitutions (p<.0001). Geographic variation in institutions
has been associated with varying opioid prescription rates.
However, definitive conclusions of over or under-prescrib-
ing were unable to be drawn.25 In efforts to remedy such
differences, the American Academy of Orthopedic Surgeons
(AAOS) has called for standardization of opioid prescribing
practices across institutions. In a sample orthopedic de-
partment opioid safety strategy, the AAOS suggested pre-
scription of no more than 60 opioid pills of a maximum of
5 mg of oxycodone (or equivalent) per pill, a single refill
with no more than 30 pills, and discontinuation of opioids
within one month of surgery following major orthopedic

surgery including TJA.26 However, the AAOS does not sup-
port specific guidelines to be utilized across all patient pop-
ulations as a replacement for clinical judgment or individu-
alized patient-centered care.2”

Recent evidence-based opioid prescription guidelines by
D’amore et al. recommend a combination of non-opioid
analgesia consisting of acetaminophen, pregabalin, and
celecoxib, in addition to tramadol 50 mg per oral (PO) every
6 hours as needed (PRN) for moderate pain and oxycodone
5-10 mg PO every 4 hours PRN for severe pain following
THA.28 Similar recommendations were given post-TKA
with ketorolac substituting celecoxib. Upon discharge, clin-
icians are recommended to prescribe a combination of ac-
etaminophen (1g/240 pills), celecoxib (15mg/30 pills), and
pregabalin (75mg/60 pills) following THA, with the addition
of tramadol (50 mg/15 pills) and oxycodone (5-10mg/15
pills) for breakthrough pain following TKA at the lowest
feasible dose, duration, and quantity. Thorough patient
evaluation for risk of opioid abuse should be considered
prior to opioid prescription in addition to patient counsel-
ing. These recommendations are in addition to periarticular
injections done prior to surgery. Additional studies found
differences in opioid administration guidelines across dif-
ferent healthcare organizations.2%-3! Currently, all states
require education on opioid administration, although spe-
cific requirements vary by state.32 As such, requirements
can vary from single courses to more extensive educational
programs requiring multiple hours throughout the year.

Multimodal analgesic regimens have been shown to pro-
vide adequate pain relief in substitution of opioids follow-
ing TJA.33 Overall, the use of non-steroidal anti-inflam-
matory drugs, NSAIDs, spinal analgesia, peripheral nerve
blocks, and intra-articular injections have resulted in im-
proved VAS pain scores when compared to opioids alone.33
Peripheral nerve blocks following TJA have been shown to
reduce consumption of patient-controlled opioid analge-
sia with faster time to rehabilitation.343> Epidural analge-
sia has been associated with improved pain control when
compared to patient-controlled analgesia with morphine in
the inpatient setting with a reduction of duration of post-
operative rehabilitation.!1.13 NSAIDs and their related cy-
cloxygenase type-2 (COX-2) inhibitors have been found to
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significantly reduce opioid consumption with a decrease in
VAS pain scores.3:37 Newer multimodal pathways are in-
creasingly gaining popularity as safer and more effective al-
ternatives to traditional opioid-heavy regimens and should
be regarded as the initial option for management.28,38,39
Preoperative opioid education has been shown to signif-
icantly reduce opioid consumption postoperatively when
compared to patients not receiving opioid education with
no adverse effects on pain experience.4? Despite the ev-
idence supporting multimodal analgesia in TJA, barriers
to its implementation have been identified. These include
provider lack of familiarity with evidence supporting the
use of multimodal analgesia and lack of knowledge on mul-
timodal agents.4!

With the rise in orthopedic procedures over the years,
the associated opioid prescriptions have also seen an up-
surge. This, coupled with the chronic nature of pain asso-
ciated with orthopedic conditions, creates a milieu ripe for
prolonged opioid use and potential misuse.”-13 As the pen-
dulum swings towards more judicious use of opioids, there
is an increased emphasis on exploring multimodal anal-
gesic methods that utilize non-opioid medications and al-
ternative therapies to optimize postoperative pain control
while minimizing opioid use and its associated complica-
tions. This approach not only offers the potential for im-
proved pain management but also addresses the pressing
public health concerns associated with opioid misuse and
overdependence.22.23

This study has several limitations. The first is the un-
equal proportions of patient data provided by individual in-
stitutions and by surgery type and setting. Additionally, the
data is not representative of follow-up visits, and therefore,
we are unable to ascertain patient consumption of prescrip-
tion opioids after discharge or lack of them. This study
was not adjusted for potential confounding variables such
as patient demographics or comorbidities. Future studies
should aim for more comprehensive and longitudinal data

to better understand the root causes of opioid administra-
tion patterns.

CONCLUSION

Opioid administration following TJA has increased in re-
cent years with differences in average MME across indi-
vidual healthcare institutions. Interventional efforts should
continue to be made in reducing opioid administration fol-
lowing TKA and THA and standardizing prescribing guide-
lines across all healthcare settings to continue mitigating
long-term use and abuse.
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