
General 

The Ramifications of Opioid Utilization and Outcomes of         
Alternative Pain Control Strategies for Total Knee Arthroplasties         
Kevin Berardino 1  a , Austin H. Carroll 1  , Robert Ricotti 2  , Daniel Popovsky 1  , Matthew D. Civilette 1  , Ivan Urits 3  ,
Omar Viswanath 4  , William F. Sherman 5  , Alan D. Kaye 3 

1 Georgetown University School of Medicine, 2 George Washington University Hospital, 3 Department of Anesthesiology, Louisiana State University 
Health Science Center Shreveport, 4 Innovative Pain and Wellness; Department of Anesthesiology, Creighton University School of Medicine, 5 

Department of Orthopedic Surgery, Tulane University 

Keywords: total knee arthroplasty, opioids, pain control, postoperative, addiction, dependence, recovery, orthopaedic surgery 

https://doi.org/10.52965/001c.37496 

Orthopedic Reviews 
Vol. 14, Issue 3, 2022 

Morbidity and mortality related to opioid use has generated a public health crisis in the 
United States. Total knee arthroplasty (TKA) is an increasingly common procedure and is 
often accompanied by post-operative opioid utilization. Unfortunately, post-operative 
opioid usage after TKA has been shown to lead to higher rates of complications, longer 
hospital stays, increased costs, and more frequent need for revision surgery. 
Pre-operative opioid utilization has been shown to be one of the most important 
predictors of post-operative opioid usage. Additional risk factors for continued 
post-operative opioid utilization after TKA include pre-operative substance and tobacco 
use as well as higher post-operative prescription dosages, younger age, female gender, 
and Medicaid insurance. One method for mitigating excessive post-operative opioid 
utilization are Enhanced Recovery After Surgery (ERAS) protocols, which include a 
multidisciplinary approach that focuses on perioperative factors to optimize patient 
recovery and function after surgery. Additional strategies include multimodal pain 
regimens with epidural anesthetics, extended duration local anesthetics and adjuvants, 
and ultrasound guided peripheral nerve blocks. In recent years, opioid prescribing 
duration limitations have also been put into place by state and federal government, 
hospital systems, and ambulatory surgery centers making effective acute pain 
management imperative for all stakeholders. In this regard, as rates of TKA continue to 
increase across the United States, multidisciplinary efforts by all stakeholders are needed 
to ensure adequate pain control while preventing the negative sequalae of opioid 
medications. 

INTRODUCTION 
OPIOID EPIDEMIC AND SEQUELAE 

In the past two decades, the staggering increase in use 
and misuse of prescription opioids has generated a public 
health crisis. This crisis is characterized by increasing over-
dose related deaths and addiction treatments, which has 
placed strain on our healthcare system. In 2017 alone, 
47,000 deaths were attributed to opioid overdose in Amer-
ica, which increased to 80,816 deaths in 2021.1–3 The dra-
matic uptick in opioid related mortality prompted the US 
Department of Health to declare the opioid epidemic a pub-
lic health emergency in October of 2017, which was recently 
renewed in April of 2022.3,4 

OPIOID PRESCRIPTIONS AND SURGERY 

An important contributing factor to the rise in opioid use 
can be attributed, in part, to aggressive opioid prescribing 
practices following surgical procedures. Pain control fol-
lowing surgery is an important aspect of post-operative 
care, however a careful balance must be maintained in or-
der to provide pain control and prevent opioid misuse. Ag-
gressive prescribing practices are especially relevant in the 
American healthcare system. In a study by Lindenhovius 
et al. comparing opioid prescriptions following surgery for 
ankle fractures in the United States and the Netherlands, 
82% of US patients received opioids after undergoing ankle 
fracture open reduction and internal fixation versus 6% of 
Dutch patients.5 In a study conducted between 2004 and 

Corresponding author: 
Kevin Berardino, BS Georgetown University School of Medicine, Washington DC, email: kmb364@georgetown.edu 

a 

Berardino K, Carroll AH, Ricotti R, et al. The Ramifications of Opioid Utilization and
Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties.
Orthopedic Reviews. 2022;14(3). doi:10.52965/001c.37496

https://doi.org/10.52965/001c.37496
mailto:kmb364@georgetown.edu
https://doi.org/10.52965/001c.37496


2012 analyzing opioid prescriptions for low-risk outpatient 
procedures, such as carpal tunnel repair and knee arthro-
scopies, researchers found there to be significant increases 
in amount of opioids prescribed over time.6 A combination 
of factors including provider training and cultural attitudes 
towards pain management likely contribute to prescription 
of opioids in situations where they may not be indicated.7 

OPIOID USE AND TOTAL KNEE ARTHROPLASTY 

Total knee arthroplasty (TKA) is a surgical procedure that 
often includes the use of outpatient opioids, with over-
prescribing being of concern in this population.8 The pro-
portion of opioid-naive patients with a new opioid pre-
scription within 7 days after total knee arthroplasty (TKA) 
increased from 79.1% in 2004 to 82.0% in 2012.8 Despite 
this increase in opioid prescriptions, there has not been a 
clinically meaningful improvement in post-operative pain 
at discharge or at 2-month follow up.8 

Another concerning trend is long-term opioid use that 
occurs in previously opioid-naïve patients after undergoing 
TKA. A study by Goesling et al. found that 42% of opioid-
naive TKA patients on opioids at 3 months were still on opi-
oids at 6 months.9 Focusing on TKA patients who are not 
opioid-naive, a retrospective study by Bedard et al. noted 
that approximately one-third of TKA patients used opioids 
within 3 months prior to surgery, with preoperative use 
being most predictive of increased opioid refills following 
TKA.10 More aggressive opioid prescribing practices have 
major clinical consequences including post-operative com-
plications, need for revision, and increase hospital length 
of stay (LOS).9 These sequalae can negatively impact surgi-
cal outcomes and given that TKA is a commonly performed 
procedure in the United States, it is important to analyze 
and address opioid prescribing practices to improve surgi-
cal outcomes and reduce strain on the American healthcare 
system. 

IMPACT ON OUTCOMES 
CLINICAL SIGNIFICANCE OF OPIOID USE 

Significant changes have been implemented to improve 
surgical outcomes following TKA. These include, but are 
not limited to patient education, cardiac optimization, nu-
tritional support, and more widespread use of Enhanced 
Recovery After Surgery (ERAS) protocols.11 Pain manage-
ment is of particular importance related to its direct impact 
on the physical and mental health of patients in addition 
to its cultural perception. Multimodal pain management 
programs are now more commonly used in healthcare sys-
tems in order to decrease reliance on opioids and reduce 
the prevalence of opioid use disorder following TKA.11 

Multimodal pain management protocols are still not im-
plemented in all practices, however, even though aggressive 
opioid prescribing practices have been shown to negatively 
impact patient outcomes. One such negative outcome is the 
increased need for revision TKA. In a study of 35,894 pri-
mary TKA patients, 413 underwent early revision of TKA. 
29.2% of early revisions filled an opioid prescription within 

3 months prior to TKA.10 Preoperative opioid users were 
also significantly more likely to undergo TKA revision (1.6% 
vs. 1.0%, P < .001).10 Jain et al. also conducted a study on 
chronic opioid users undergoing TKA and found that opi-
oid prescriptions for greater than 6 months were associ-
ated with a higher risk of TKA revision within 1 year af-
ter surgery, and that a 3-month opioid-free period prior to 
surgery reduced risk of TKA revision.12 

Aside from revision surgery, other complications of pre-
operative opioid use on TKAs include, but are not limited 
to, wound complication, infection, readmission, sepsis, 
thromboembolic events, and increased length of stay.13 

Wilson et al. compared complication rates in opioid-naive 
patients vs. patients with opioid prescriptions of varying 
time lengths. In the study, continuous preoperative use of 
opioids was associated with higher odds of all complica-
tions including extended LOS, non-home discharge, wound 
complication, pain-related ED visit, infection, prosthetic 
joint infection, sepsis, thromboembolic events, revision 
surgery, and opioid overdose.13 This same group of patients 
was also shown to have increased healthcare utilization 
such as emergency department visits following TKA. 
Opioids are a commonly used tool for pain management 

following TKA, as controlling pain in the post-operative pe-
riod is paramount. Opioid related adverse effects (ORAE) 
are an important consideration when trying to achieve ad-
equate pain control. Gonzalez et al. conducted a study on 
ORAE of 41,072 TKA and 3,817 revision TKA patients whose 
pain regimens consisted of primarily opioid analgesics. At 
90 days, respiratory complications were the most common 
complication (TKA: 6.12%; RKA: 8.01%; p < 0.01 ), followed 
by postoperative nausea and vomiting (TKA: 2.86%; RKA: 
3.95%, p < 0.05), and urinary retention complications (TKA: 
2.79%; RKA: 3.20%; p < 0.05).14 The average Medicare pay-
ment for treating complications within 90 days of a TKA 
was $6206.15 

Postoperative length of stay (LOS) in hospitals and reha-
bilitation facilities also has an important impact on surgi-
cal outcomes in addition to the cost of care. A retrospective 
study by Sahota et al. looked at LOS at inpatient muscu-
loskeletal rehabilitation facilities among patients in these 
facilities that received a primary TKA or THA. This study 
showed that patients who were opioid naïve had a signif-
icant mean LOS of 11.7±5.4 days versus 14.5±9.5 days in 
those who were opioid tolerant (p <0.05).16 Additionally, 
opioid dosage was associated with LOS in inpatient reha-
bilitation. Patients whose post-op day 3 opioid requirement 
was greater than 50 morphine milligram equivalents (MME) 
had on average 3 more days of stay than patient’s receiv-
ing a lower dose.16 Cost of care is also significantly higher 
in total joint arthroplasty (TJA) with preoperative opioid 
use. In a study of 3,211 TJA patients who either used opi-
oids, tramadol, or were opioid-naive preoperatively, cost 
of care was $19,229 versus $19,403 versus $17,572, respec-
tively (P < 0.001).17 Overall, while opioid use preoperatively 
and post-operatively is often indicated for adequate pain 
control, they should be utilized carefully in light of emerg-
ing evidence about their multifaceted effects. 
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RISK FACTORS 
PREOPERATIVE OPIOID USE 

The connection between preoperative opioid use and 
chronic postoperative opioid use is well established in or-
thopaedic literature.10,18–24 This preoperative use is often 
a result of increased pain prior to surgery, as patients that 
report worse average knee pain prior to TKA use opioids 
more frequently in the preoperative period.25 Additionally, 
preoperative opiate users are significantly more likely to 
refill their opioid prescriptions (95.9%) compared to those 
that are opioid naïve (72.0%).26 One study of TKA patients 
demonstrated that both preoperative oxycodone and tra-
madol use were associated with increased postoperative 
opioid use. Patients who used preoperative tramadol had 
4.8% lower chronic postoperative opioid dependence com-
pared to preoperative oxycodone users, however.24 Further-
more, preoperative use of a low-dose regimen of two 5mg 
hydrocodone daily is associated with additional adverse 
outcomes such as increased postoperative ED visits and 
readmission rates, while higher opiate doses are associated 
with increased risk of prosthetic infection and revision.27 

In addition, one study of 7356 patients who underwent hip 
or knee arthroplasty demonstrated that those with preop-
erative opioid use had worse absolute postoperative patient 
reported outcome scores compared to those with no pre-
operative opioid use.28 Overall, there is an increased risk 
of chronic opioid use, complications, and decreased patient 
satisfaction in those using opioids before TKA. Within hip 
and knee arthroplasties, the preoperative discontinuation 
of opioids is associated with increased health outcomes and 
can be considered for patients scheduled for surgery.29 

POSTOPERATIVE PRESCRIPTION CHARACTERISTICS 

The amount of opioids prescribed following orthopaedic 
surgeries has shown to effect the total duration of use.30,31 

Lanzillotta-Rangeley et al. demonstrated that following or-
thopaedic procedures, a larger initial postoperative opioid 
prescription led to prolonged use and patients who received 
early prescription refills 0-30 days postoperatively were 
more likely to receive another refill from 30-60 and 60-90 
days.31 Regarding prescription strength following TKA, pa-
tients given initial prescriptions with higher MME (301) 
were associated with increased risk of second refill at 30 
days compared to those with a lower MME (205.6).32 Simi-
larly, a study on veterans who received TKA exhibited cor-
relations between high postoperative opioid dose and pro-
longed opioid use as well as lower postoperative dose and 
earlier opioid independence.33 Overall, it is likely that 
many patients are prescribed more opioids than are needed 
for adequate pain control, which is associated with an in-
creased risk of prolonged opioid use following TKA.34 

SMOKING AND ALCOHOL 

Among TKA patients, smokers are more likely to fill a sec-
ond prescription at 30 days and among TKA and THA pa-
tients, smokers require an average of 90% more MME post-

operatively than nonsmokers.32,35 Alcohol use is also 
associated with increased postoperative opioid use in TKA 
patients.31,36 One study also demonstrated marijuana use 
as a significant risk factor for prolonged postoperative opi-
oid use.37 

SOCIOECONOMIC FACTORS AND MEDICAL 
COMORBIDITIES 

Both socioeconomic factors and medical comorbidities con-
tribute to long-term opioid use following TKA. Younger 
age, female gender, Hispanic and African-American races, 
and Medicaid insurance are all well documented socioeco-
nomic risk factors correlated with long-term opioid use fol-
lowing TKA.24,31,38–40 Medical comorbidities such as di-
abetes, rheumatoid arthritis, liver disease, hypertension, 
chronic kidney disease, and psychological disorders such as 
anxiety and depression are also associated with prolonged 
postoperative opioid use.23,31 Specifically in the veteran 
population, there is a connection between those who take 
antidepressants within one year of surgery and prolonged 
opioid use.41 Chronic pain, including fibromyalgia, back 
pain, and nonspecific chronic pain syndromes are addi-
tional independent predictors for increased postoperative 
opioid use.23,33 Furthermore, morbid obesity has been cor-
related with increased postoperative opioid consumption in 
TKA patients with individuals with a BMI >40 kg/m2 con-
suming 82% greater MME following THAs and TKAs than 
individuals with a BMI <25 kg/m2.35,37 

OTHER 

Other factors contributing to increased opioid use include 
specific characteristics of the surgery such as operative 
time and patient pain in the immediate postoperative pe-
riod.24,42–45 Cao et al. showed that longer operative times 
were independently associated with increased opioid use, 
which correlate with the previous findings of Polizer et 
al.24,43 Increased pain on post-operative day one and in-
creased opioid utilization in the 24-hours before hospital 
discharge are also independent predictors of prolonged opi-
oid use following TKA.42,44,45 

INTERVENTIONS TO REDUCE OPIOID USAGE 
AND THEIR OUTCOMES 
ENHANCED RECOVERY AFTER SURGERY PROTOCOL 

The first ERAS protocols were designed by Kehlet in 1997 
as a multidisciplinary approach to surgery that aims to un-
derstand and address perioperative stressors that often lead 
to patient pain, complications, and morbidity.46 Given the 
well-studied deleterious effects of opioid medications peri-
operatively, ERAS protocols are designed to reduce opioid 
consumption while decreasing length of stay (LOS), hos-
pital costs, complications, and to increase patient satis-
faction.47–54 Favorable ERAS outcomes have been demon-
strated in a wide variety of surgical specialties, including 
breast, plastic, cardiac, gynecologic, orthopaedics, and 
many others.47,50–52 TKA is a prime candidate for standard-
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ized ERAS protocol given its inherent invasiveness, pain 
management requirements, and increasing frequency in 
the general population in the US.55–57 

Standardized perioperative protocols for TKA have 
proven to be effective in countries including Denmark and 
the United Kingdom (UK). These “fast-track” and “en-
hanced recovery pathway” protocols were shown to reduce 
LOS following TKA from 4-10 days to 1-3 days in select 
health systems.58–62 Similar results have been noted in 
smaller studies of ERAS protocols in other countries, 
prompting a shift towards implementing these protocols on 
a larger scale.63,64 

The ERAS Society, a group that provides consensus 
statements for perioperative care in a number of surgical 
subspecialties, recently published their consensus recom-
mendations for patients undergoing total hip arthroplasty 
(THA) and total knee arthroplasty (TKA).65 Recommenda-
tions for the preoperative period include patient education 
and counseling, smoking and alcohol cessation, manage-
ment of anemia, physiotherapy and exercise, fasting of 
solid food for 6 hours prior to surgery, and intake of clear 
fluids until 2 hours prior to surgery.65 Preoperative car-
bohydrate loading and pre-anesthetic medications such as 
sedatives or anxiolytics are not routinely recommended.65 

There were no recommendations regarding the use of non-
steroidal anti-inflammatory drugs (NSAIDs), aceta-
minophen, or gabapentanoid medications for pain man-
agement prior to surgery. Preoperative NSAIDs and 
acetaminophen have been shown to reduce postoperative 
opioid use following TKA.66,67 Data varies regarding the ef-
fectiveness of preoperative gabapentanoid medications on 
postoperative opioid use.67,68 

Intraoperative recommendations for TKA did not em-
phasize a preference of general or neuraxial anesthesia re-
lated to conflicting evidence regarding postoperative out-
comes and complication rates.60,69–71 Both types of 
anesthesia were recommended as part of multimodal anes-
thesia regimens. Meta-analysis data supports the use of 
local infiltration anesthesia (LIA) for TKA but not for 
THA.65,72 Nerve blocks have been found to reduce post-
operative opioid use following TKA, but are not routinely 
recommended by the ERAS Society because they are asso-
ciated with prolonged motor blockade when compared to 
LIA.65,73–76 Additionally, meta-analysis data suggests no 
difference in postoperative opioid use in patients receiv-
ing LIA or nerve blocks intraoperatively.72 In this regard, 
numerous studies have shown various adjuvant agents can 
prolong local anesthesia duration of analgesia including 
the use of N-methyl-d-aspartate receptor antagonists such 
as ketamine, clonidine, dexmedetomidine, dexamethasone, 
neostigmine, epinephrine, and sodium bicarbonate; how-
ever, long-term studies are lacking vis-à-vis impact on ef-
fects on long-term opioid use. 
Postoperative recommendations for TKA target postop-

erative nausea and vomiting (PONV), blood loss, analgesia 
requirements, antimicrobial and antithrombotic prophy-
laxis, drain and urinary catheter use, nutritional care, early 
mobilization, and criteria-based discharge.65 Multimodal 
non-opioid pain management is a foundational component 

of ERAS pathways for TKA. Acetaminophen and NSAIDs are 
the main components of these regimens, however alterna-
tive analgesics such as ketamine, glucocorticoids, cannabi-
noids, and gabapentin have been documented with varying 
success in pain control following TKA.65,77–82 Current rec-
ommendations support the use of acetaminophen for mul-
timodal pain management following TKA. Gabapentinoids 
are not currently recommended as adjunctive analgesia, al-
though some studies have demonstrated beneficial effects 
and future studies are indicated. There have been to date 
no explicit ERAS Society recommendations regarding the 
use of ketamine, glucocorticoids, and cannabinoids follow-
ing TKA. While ERAS protocols attempt to minimize the 
postoperative use of opioids, their judicious use is often re-
quired for effective analgesia. It should also be noted that 
opioids such as oxycodone are recommended when used re-
sponsibly as part of a multimodal pain regimen.65 

PRESCRIPTION MEDICATIONS AND MULTIMODAL PAIN 
REGIMENS 

Opioids are very effective in reducing pain in the acute 
postoperative period following TKA. However, current rec-
ommendations by the ERAS Society, American Association 
of Hip and Knee Surgeons, American Society of Regional 
Anesthesia and Pain Medicine, American Academy of Or-
thopaedic Surgeons, Hip Society, and Knee Society aim to 
reduce postoperative opioid use in order to avoid adverse 
effects which include nausea, vomiting, constipation, 
drowsiness, respiratory depression, and risk of long-term 
opioid addiction.65,83 Multimodal pain regimens including 
medications are standard of care for control of postoper-
ative pain management following TKA. Current regimens 
often employ a combination of opioids with one or more 
of the following: acetaminophen, NSAIDs, gabapentinoids, 
glucocorticoids, ketamine, and cannabinoids.65,77–82,84 

Acetaminophen, also referred to as paracetamol or 
N-acetyl-p-aminophenol (APAP) is one of the most popular 
antipyretic and analgesic drugs in the world. APAP is un-
derstood to inhibit cyclooxygenase (COX) pathways in the 
central nervous system (CNS), while it lacks activity on pe-
ripheral COX pathways. Inhibition of these COX pathways 
limits conversion of prostaglandin (PG) G2 to PGH2, ulti-
mately decreasing PG synthesis.85 Several recent studies 
suggest that postoperative administration of intravenous 
(IV) APAP significantly reduces opioid requirements follow-
ing TKA when compared to placebo.86–88 

Another mainstay of multimodal pain regimens are 
NSAIDs, which act by inhibiting COX enzymes and thus, the 
generation of arachidonic acid metabolites.89 NSAIDs have 
been shown to provide antipyretic, analgesic, and anti-in-
flammatory effects largely through the COX 2 pathway.89,90 

NSAIDs reduce supplemental opioid use following hip and 
knee replacement, however they carry a side effect profile 
that requires careful patient selection, particularly in pa-
tient populations with bleeding conditions, history of gas-
trointestinal ulcers, cardiovascular morbidity, and kidney 
disease.65,91,92 

Gabapentinoids are a class of neuropathic amino acid 
medications including gabapentin and pregabalin that have 
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a chemical structure similar to the neurotransmitter γ-
aminobutyric acid (GABA).93 Gabapentinoids inhibit volt-
age-gated calcium channels present in the cell membranes 
of neurons throughout the nervous system. When these 
calcium channels are inhibited, release of excitatory neu-
rotransmitters from the presynaptic nerve terminal is also 
inhibited, effectively dampening normal pain signaling 
mechanisms.93–95 Meta-analysis data regarding 
gabapentin’s effect on postoperative opioid requirement 
varies, with one recent study suggesting that gabapentin 
does not reduce postoperative opioid consumption at 48 
hours following TKA when compared to placebo.93,96 

Glucocorticoids have been used clinically for decades re-
lated to their potent immunosuppressive and anti-inflam-
matory effects as steroid medications.97 They are routinely 
used perioperatively due to their favorable effects on PONV 
and pain scores.98,99 Recent data from several meta-analy-
ses suggests that perioperative glucocorticoid administra-
tion reduces pain scores and opioid consumption following 
TKA.81,100 

Ketamine is a derivative of phencyclidine and functions 
as an antagonist of the N-methyl-D-aspartate (NMDA) re-
ceptor.101 While ketamine provides antidepressant effects, 
low-dose ketamine has also been shown to provide pain 
relief and reduce opioid consumption following TKA and 
a number of other surgical procedures when compared to 
placebo.80,101 

Lastly, cannabinoids act as ligands at the cannabinoid1 
receptor (CB1R) and cannabinoid2 receptor (CB2R) through-
out the endocannabinoid system and produce antinocicep-
tive effects.102 Some studies have investigated the effects 
of perioperative cannabinoid or cannabis use on outcomes 
and complications of TKA, but no studies have investigated 
the effects of cannabinoids on opioid use following TKA 
when compared to placebo.103,104 

Multimodal pain regimens are well studied in or-
thopaedic surgery and other surgical fields, and there is re-
cent interest in the efficacy of multimodal pain regimens at 
reducing opioid consumption following TKA. Medications 
are often used in a variety of combinations with the goal of 
providing analgesia while reserving opioid medications for 
breakthrough pain. While most of these medications have 
been shown to reduce opioid consumption following TKA 
when compared to placebo, more data is needed regarding 
the efficacy of specific combinations of these drugs and the 
overall efficacy of multimodal pain regimens in reducing 
opioid consumption.105 

Several recent studies have also investigated the effects 
of combinations of non-opioid analgesics and their effect 
on opioid consumption. Schwinghammer et al. suggested 
that a postoperative pain management regimen for TKA 
should include at least 2 analgesic medications to control 
pain.106 Results from other studies suggest that multi-
modal pain management regimens using different combi-
nations of non-opioid analgesics resulted in favorable post-
operative outcomes, recovery, and pain management 
following TKA.105,107–109 For example, McCartney et al. 
suggested that APAP used in conjunction with a short 
course of NSAIDs are often the simplest regimen to improve 

pain control following TKA, while Golladay et al. recom-
mended a combination of APAP, NSAIDs, and gabapenti-
noids to reduce postoperative opioid consumption while 
minimizing any adverse side effects.105,109 Additionally, 
McKenzie et al. developed a multimodal pain management 
protocol for TKA and THA patients that utilized APAP, cele-
coxib, and pregabalin and resulted in significant reductions 
in opioid requirements and pain scores following 
surgery.110 

EPIDURAL CATHETERS, PERIPHERAL NERVE BLOCKS, 
AND LOCAL INFILTRATION ANALGESIA 

While the mainstays of multimodal pain regimens are en-
teral medications, local techniques have also proven useful 
in reducing postoperative opioid use and pain following 
TKA. Epidural catheters are one such method that allows 
medications to be deployed directly into the epidural space. 
Epidural anesthesia for TKA has become increasingly pop-
ular over the last few decades, with some reports citing its 
ability to provide comparable pain relief and fewer side ef-
fects than general anesthesia.111,112 One randomized con-
trolled trial found that of 110 patients undergoing TKA, 
those who received epidural morphine had less severe pain 
scores and consumed significantly less opioids at the 
48-hour mark compared with patients who received placebo 
(p < 0.002).113 

Intrathecal analgesia is an alternative to epidural anal-
gesia in which medications are injected directly into the 
cerebrospinal fluid (CSF).114 Intrathecal morphine (ITM) is 
commonly used, and when compared to control patients re-
ceiving bupivacaine spinal anesthesia alone, ITM admin-
istration has been found to improve pain scores at post-
operative day zero and reduce initial postoperative opioid 
consumption following TKA.115 However, a meta-analysis 
of studies using ITM for analgesia following TKA suggests 
that while ITM can reduce opioid consumption and pain 
scores, it also increases the likelihood of morphine-related 
adverse events including PONV and pruritis.116 A more re-
cent systematic review of patients receiving ITM following 
TKA and THA by Gonvers et al. found similar results; ITM 
effectively reduced postoperative opioid consumption but 
increased the risk of PONV, pruritis, sedation, and urinary 
retention when compared to control groups.117 Conse-
quently, Gonvers et al. determined that an effective ceiling 
dose for ITM is 100 μg to provide analgesic relief with a bal-
anced side effect profile.117 Given these results and other 
findings regarding epidural and intrathecal opioids for TKA, 
the ERAS Society recommendations do not support the use 
of either modality for additional analgesia.65 

Peripheral nerve blocks represent another analgesic op-
tion for TKA. They include a block of the interspace be-
tween the popliteal artery and the capsule of the posterior 
knee known as the (iPACK) block, femoral nerve block 
(FNB), sciatic nerve block (SNB), and adductor canal block 
(ACB).118 The iPACK block provides local anesthesia to the 
posterior knee by targeting the medial and lateral genicu-
late nerves and surrounding articular branches. This tech-
nique was developed in hopes of reducing the amount of 
motor and sensory blockade that result from more proximal 
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nerve blocks.119 D’Souza et al. found no effect of an iPACK 
block on opioid consumption at 24 hours following TKA 
when compared to patients who did not receive an iPACK 
block.119 Additionally, in patients receiving a multimodal 
pain management regimen following TKA, iPACK block was 
not shown to decrease postoperative opioid requirements 
compared to patients receiving a sham block.120 

Femoral nerve block, sciatic nerve block, and adductor 
canal block are proximal alternatives to iPACK block that 
are frequently discussed in the literature regarding differ-
ences in functional and analgesic outcomes following TKA. 
A femoral nerve block anesthetizes the distribution of the 
femoral nerve in the anterior thigh and knee, and can be 
administered as a single injection or continuous FNB.121 

Both types of FNB with concurrent patient-controlled anal-
gesia (PCA) have been shown to be superior to PCA alone 
for analgesia following TKA, and reduce opioid consump-
tion at 24 and 48 hours postoperatively.121 

Sciatic nerve blocks can also be used as an adjunct to 
FNB to provide relief of posterior knee pain, and have been 
shown to reduce pain scores and opioid requirements at 12 
hours following TKA compared to FNB alone.122 An adduc-
tor canal block is an alternative to FNB that has been pro-
posed to preserve the strength and mobility of the quadri-
cep muscles in the first 48 hours after TKA.123,124 This 
technique targets the saphenous nerve, articular branches 
of the obturator nerve, medial retinacular nerve, and the 
nerve to the vastus medialis.125 A recent systematic review 
by Karkhur et al. did not find any difference in pain scores 
or opioid consumption between FNB or ACB following 
TKA.125 While nerve blocks are commonly employed in 
multimodal pain management regimens, the ERAS Society 
does not recommend them as an essential component of 
multimodal analgesia following TKA.65 

Additionally, local infiltration analgesia (LIA) can be 
used as an alternative or as an adjunct to nerve blocks, and 
was first described by Kerr et al. in 2008.65,126 Local infiltra-
tion analgesia involves injecting an anesthetic agent (bupi-
vacaine, ropivacaine, etc.) around the structures subjected 
to surgical trauma.127 Other medications such as NSAIDs 
and epinephrine can be included for additional pain con-
trol.127 Data varies regarding postoperative opioid con-
sumption between LIA and nerve blocks. One systematic 
review indicated that LIA and FNB offer similar pain relief 
and result in equal levels of opioid consumption at 24 hours 
postoperatively.128 However, when SNB is used as an ad-
junct to FNB, opioid requirements are less than those in pa-
tient cohorts receiving LIA for TKA.129 Compared with ACB, 
LIA offers similar pain relief and results in similar levels of 
opioid consumption at 24 and 48 hours postoperatively.130 

There is limited data comparing iPACK block and LIA in 
terms of analgesic efficacy, but one recent trial of 76 pa-
tients indicated that patients who received LIA and ACB 
consumed less opioids than those who received iPACK block 
and ACB.131 While more data is needed to understand the 
true effect of LIA on opioid consumption following TKA, 
the ERAS Society currently recommends LIA as a compo-
nent of multimodal pain management for TKA.65 

PRESCRIBING LIMITATIONS AND PATIENT SAFETY 
INITIATIVES 

Given that rates of TKA are increasing by 673%, overpre-
scribing of opioid medications following surgery has the 
potential to contribute to opioid abuse, morbidity, and 
mortality.57,132 One effective method to reduce the over-
prescribing of opioid medications is legislation at the na-
tional and statewide levels. Recent studies suggest that 
statewide legislation limiting opioid prescription regimens 
results in a significant reduction in the minimum and max-
imum median morphine milligram equivalents (MME) pre-
scribed following THA and TKA.132 The majority of legisla-
tion limits initial opioid prescriptions to 7-day regimens for 
acute postoperative pain.133 

Another method to mitigate postoperative opioid abuse 
is encouragement of patient education and patient safety 
initiatives. Educating patients undergoing TKA about mul-
timodal analgesia has been shown to significantly reduce 
postoperative opioid use following TKA when measured in 
required MME.134 Additionally, implementation of patient 
safety initiatives have shown promising results in reducing 
postoperative opioid use and chronic opioid prescriptions 
following TKA. Specifically, one study analyzed outcomes of 
the Opioid Safety Initiative across the Veterans Health Ad-
ministration and found that this initiative reduced opioid 
consumption following TKA and reduced the number of pa-
tients with chronic opioid prescriptions following TKA.135 

Given that current research regarding prescribing limita-
tions and patient safety initiatives following TKA is limited, 
future studies are indicated to better understand how these 
interventions can limit opioid over-prescribing and abuse 
in patients undergoing TKA. 

CONCLUSION 

Opioid prescribing and utilization in the United States has 
led to a public health crisis with significant morbidity and 
mortality. Patients undergoing orthopaedic surgery, and 
specifically TKA, have been shown to utilize opioid pre-
scriptions in excess of 80% of cases post-operatively. Nega-
tive sequalae of aggressive post-operative opioid regimens 
include increased post-operative complications, arthro-
plasty revisions, cost, and length of stay. As evidence re-
garding these negative outcomes has surfaced, strategies 
have been implemented to reduce post-operative opioid use 
and to improve outcomes. With an increasingly aging pop-
ulation in the United States, the number of TKAs is likely to 
continue to increase, making this a particularly important 
arena for responsible opioid prescribing and utilization. 
Further progress will continue to require multidisciplinary 
efforts involving prescribers, hospitals and ambulatory 
surgery centers, state and federal governments, and patient 
educators. 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 6



DISCLOSURES 

No relevant disclosures 

FUNDING 

No funding 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 7



REFERENCES 

1. Centers for Disease Control and Prevention - 
National Center for Health Statistics. Drug Overdose 
Deaths in the U.S. Top 100,000 annually. Published 
2021. Accessed June 1, 2022. https://www.cdc.gov/nc
hs/pressroom/nchs_press_releases/2021/20211117.ht
m 

2. Centers for Disease Control and Prevention - 
National Center for Health Statistics. Provisional 
Drug Overdose Death Counts. Published 2022. 
Accessed June 1, 2022. https://www.cdc.gov/nchs/nvs
s/vsrr/drug-overdose-data.htm 

3. Scholl L, Seth P, Kariisa M, Wilson N, Baldwin G. 
Drug and Opioid-Involved Overdose Deaths — United 
States, 2013–2017. Morb Mortal Wkly Rep. 
2019;67(51-52):1419. doi:10.15585/mmwr.mm675152
e1 

4. U.S. Department of Health and Human Services - 
Office of the Assistant Secretary for Preparedness & 
Response. Renewal of Determination That A Public 
Health Emergency Exists. Published 2022. Accessed 
June 1, 2022. https://aspr.hhs.gov/legal/PHE/Pages/O
pioid-4Apr22.aspx 

5. Lindenhovious ALC, Helmerhorts GTT, Schnellen 
AC, Vrahas M, Ring D, Kloen P. Differences in 
prescription of narcotic pain medication after 
operative treatment of hip and ankle fractures in the 
United States and The Netherlands. J Trauma. 
2009;67(1):160-164. doi:10.1097/ta.0b013e31818c12e
e 

6. Wunsch H, Wijeysundera DN, Passarella MA, 
Neuman MD. Opioids Prescribed After Low-Risk 
Surgical Procedures in the United States, 2004-2012. 
JAMA. 2016;315(15):1654-1657. doi:10.1001/jama.201
6.0130 

7. Sederer LI, Marino LA. Ending the Opioid Epidemic 
by Changing the Culture. Psychiatr Q. 
2018;89(4):891-895. doi:10.1007/s11126-018-9589-0 

8. Shah R, Kuo YF, Westra J, Lin YL, Raji MA. Opioid 
Use and Pain Control After Total Hip and Knee 
Arthroplasty in the US, 2014 to 2017. JAMA Netw 
Open. 2020;3(7):e2011972. doi:10.1001/jamanetwork
open.2020.11972 

9. Goesling J, Moser SE, Zaidi B, et al. Trends and 
predictors of opioid use after total knee and total hip 
arthroplasty. Pain. 2016;157(6):1259-1265. doi:10.109
7/j.pain.0000000000000516 

10. Bedard NA, DeMik DE, Dowdle SB, Owens JM, Liu 
SS, Callaghan JJ. Preoperative Opioid Use and Its 
Association With Early Revision of Total Knee 
Arthroplasty. J Arthroplasty. 2018;33(11):3520-3523. 
doi:10.1016/j.arth.2018.06.005 

11. Li G, Weng J, Xu C, Wang D, Xiong A, Zeng H. 
Factors associated with the length of stay in total 
knee arthroplasty patients with the enhanced 
recovery after surgery model. J Orthop Surg Res. 
2019;14(1):343. doi:10.1186/s13018-019-1389-1 

12. Jain N, Brock JL, Malik AT, Phillips FM, Khan SN. 
Prediction of Complications, Readmission, and 
Revision Surgery Based on Duration of Preoperative 
Opioid Use: Analysis of Major Joint Replacement and 
Lumbar Fusion. J Bone Jt Surg - Am Vol. 
2019;101(5):384-391. doi:10.2106/jbjs.18.00502 

13. Wilson JM, Farley KX, Bradbury TL, Erens GA, 
Guild GN. Preoperative opioid use is a risk factor for 
complication and increased healthcare utilization 
following revision total knee arthroplasty. Knee. 
2020;27(4):1121-1127. doi:10.1016/j.knee.2020.05.01
3 

14. Chalmers BP, Lebowitz J, Chiu YF, et al. Changes 
in opioid discharge prescriptions after primary total 
hip and total knee arthroplasty affect opioid refill 
rates and morphine milligram equivalents : an 
institutional experience of 20,000 patients. Bone Joint 
J. 2021;103-B(7 Supple B):103-110. doi:10.1302/030
1-620x.103b7.bjj-2020-2392.r1 

15. Premkumar A, Lovecchio FC, Stepan JG, et al. 
Characterization of opioid consumption and disposal 
patterns after total knee arthroplasty. Bone Joint J. 
2019;101-B(7_Supple_C):98-103. doi:10.1302/0301-62
0x.101b7.bjj-2018-1518.r1 

16. Sahota B, Alavinia SM, Kumbhare D, Sangha H, 
Flannery J, Furlan A. A Retrospective Study of the 
Association between Pain Intensity and Opioid Use 
with Length of Stay during Musculoskeletal Inpatient 
Rehabilitation after Primary Knee and Hip 
Arthroplasty. PM R. 2020;12(5):462-469. doi:10.1002/
pmrj.12250 

17. Bell KL, Detweiler M, Yayac M, Penna S, Chen AF. 
Preoperative Opioid Use Increases the Cost of Care in 
Total Joint Arthroplasty. J Am Acad Orthop Surg. 
2021;29(7):310-316. doi:10.5435/jaaos-d-20-00316 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 8

https://www.cdc.gov/nchs/pressroom/nchs_press_releases/2021/20211117.htm
https://www.cdc.gov/nchs/pressroom/nchs_press_releases/2021/20211117.htm
https://www.cdc.gov/nchs/pressroom/nchs_press_releases/2021/20211117.htm
https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm
https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm
https://doi.org/10.15585/mmwr.mm675152e1
https://doi.org/10.15585/mmwr.mm675152e1
https://aspr.hhs.gov/legal/PHE/Pages/Opioid-4Apr22.aspx
https://aspr.hhs.gov/legal/PHE/Pages/Opioid-4Apr22.aspx
https://doi.org/10.1097/ta.0b013e31818c12ee
https://doi.org/10.1097/ta.0b013e31818c12ee
https://doi.org/10.1001/jama.2016.0130
https://doi.org/10.1001/jama.2016.0130
https://doi.org/10.1007/s11126-018-9589-0
https://doi.org/10.1001/jamanetworkopen.2020.11972
https://doi.org/10.1001/jamanetworkopen.2020.11972
https://doi.org/10.1097/j.pain.0000000000000516
https://doi.org/10.1097/j.pain.0000000000000516
https://doi.org/10.1016/j.arth.2018.06.005
https://doi.org/10.1186/s13018-019-1389-1
https://doi.org/10.2106/jbjs.18.00502
https://doi.org/10.1016/j.knee.2020.05.013
https://doi.org/10.1016/j.knee.2020.05.013
https://doi.org/10.1302/0301-620x.103b7.bjj-2020-2392.r1
https://doi.org/10.1302/0301-620x.103b7.bjj-2020-2392.r1
https://doi.org/10.1302/0301-620x.101b7.bjj-2018-1518.r1
https://doi.org/10.1302/0301-620x.101b7.bjj-2018-1518.r1
https://doi.org/10.1002/pmrj.12250
https://doi.org/10.1002/pmrj.12250
https://doi.org/10.5435/jaaos-d-20-00316


18. Chaudhary MA, Dalton MK, Koehlmoos TP, 
Schoenfeld AJ, Goralnick E. Identifying Patterns and 
Predictors of Prescription Opioid Use after Total Joint 
Arthroplasty. Mil Med. 2021;186(5-6):587-592. doi:1
0.1093/milmed/usaa573 

19. Rozell JC, Courtney PM, Dattilo JR, Wu CH, Lee 
GC. Preoperative Opiate Use Independently Predicts 
Narcotic Consumption and Complications After Total 
Joint Arthroplasty. J Arthroplasty. 
2017;32(9):2658-2662. doi:10.1016/j.arth.2017.04.002 

20. Anoushiravani AA, Kim KY, Roof M, et al. Risk 
factors associated with persistent chronic opioid use 
following THA. Eur J Orthop Surg Traumatol. 
2020;30(4):681-688. doi:10.1007/s00590-019-0261
8-w 

21. Bedard NA, Pugely AJ, Westermann RW, Duchman 
KR, Glass NA, Callaghan JJ. Opioid Use After Total 
Knee Arthroplasty: Trends and Risk Factors for 
Prolonged Use. J Arthroplasty. 2017;32(8):2390-2394. 
doi:10.1016/j.arth.2017.03.014 

22. Naylor JM, Pavlovic N, Farrugia M, et al. 
Associations between pre-surgical daily opioid use 
and short-term outcomes following knee or hip 
arthroplasty: A prospective, exploratory cohort study. 
BMC Musculoskelet Disord. 2020;21(1):398. doi:10.118
6/s12891-020-03413-z 

23. Namba RS, Singh A, Paxton EW, Inacio MCS. 
Patient Factors Associated With Prolonged 
Postoperative Opioid Use After Total Knee 
Arthroplasty. J Arthroplasty. 2018;33(8):2449-2454. d
oi:10.1016/j.arth.2018.03.068 

24. Politzer CS, Kildow BJ, Goltz DE, Green CL, 
Bolognesi MP, Seyler TM. Trends in Opioid 
Utilization Before and After Total Knee Arthroplasty. 
J Arthroplasty. 2018;33(7S):S147-S153.e1. doi:10.101
6/j.arth.2017.10.060 

25. Lindberg MF, Miaskowski C, Rustøen T, Cooper 
BA, Aamodt A, Lerdal A. Preoperative risk factors 
associated with chronic pain profiles following total 
knee arthroplasty. Eur J Pain (United Kingdom). 
2021;25(3):680-692. doi:10.1002/ejp.1703 

26. Cook DJ, Kaskovich SW, Pirkle SC, Mica MAC, Shi 
LL, Lee MJ. Benchmarks of Duration and Magnitude 
of Opioid Consumption After Total Hip and Knee 
Arthroplasty: A Database Analysis of 69,368 Patients. 
J Arthroplasty. 2019;34(4):638-644.e1. doi:10.1016/j.a
rth.2018.12.023 

27. Terhune EB, Hannon CP, Burnett RA, Della Valle 
CJ. Daily Dose of Preoperative Opioid Prescriptions 
Affects Outcomes After Total Knee Arthroplasty. J 
Arthroplasty. 2021;36(7):2302-2306. doi:10.1016/j.art
h.2021.01.016 

28. Goplen CM, Verbeek W, Kang SH, et al. 
Preoperative opioid use is associated with worse 
patient outcomes after Total joint arthroplasty: a 
systematic review and meta-analysis. BMC 
Musculoskelet Disord. 2019;20(1):234. doi:10.1186/s12
891-019-2619-8 

29. Nguyen LCL, Sing DC, Bozic KJ. Preoperative 
Reduction of Opioid Use Before Total Joint 
Arthroplasty. J Arthroplasty. 2016;31(9 
Suppl):282-287. doi:10.1016/j.arth.2016.01.068 

30. Ruddell JH, Reid DBC, Shah KN, et al. Larger 
Initial Opioid Prescriptions Following Total Joint 
Arthroplasty Are Associated with Greater Risk of 
Prolonged Use. J Bone Joint Surg Am. 
2021;103(2):106-114. doi:10.2106/jbjs.20.00732 

31. Lanzillotta-Rangeley J, Clark A, Christianson A, 
Kalarchian MA. Association of prescription opioid 
exposure and patient factors with prolonged 
postoperative opioid use in opioid-naïve patients. 
AANA J. 2020;88(1):18-26. http://ovidsp.ovid.com/ovi
dweb.cgi?T=JS&PAGE=reference&D=med17&NEW
S=N&AN=32008614 

32. Wise KL, McCreary DL, Parikh HR, et al. Factors 
Associated with a Second Opioid Prescription Fill in 
Total Knee Arthroplasty. J Arthroplasty. 
2020;35(6S):S163-S167. doi:10.1016/j.arth.2020.03.00
1 

33. Kuo AC, Raghunathan K, Lartigue AM, et al. 
Freedom From Opioids After Total Knee Arthroplasty. 
J Arthroplasty. 2019;34(5):893-897. doi:10.1016/j.art
h.2019.01.054 

34. Dwyer MK, Tumpowsky CM, Hiltz NL, Lee JA, 
Healy WL, Bedair HS. Characterization of Post-
Operative Opioid Use Following Total Joint 
Arthroplasty. J Arthroplasty. 2018;33(3):668-672. do
i:10.1016/j.arth.2017.10.011 

35. Cryar KA, Hereford T, Edwards PK, Siegel E, 
Barnes CL, Mears SC. Preoperative Smoking and 
Narcotic, Benzodiazepine, and Tramadol Use are Risk 
Factors for Narcotic Use After Hip and Knee 
Arthroplasty. J Arthroplasty. 2018;33(9):2774-2779. d
oi:10.1016/j.arth.2018.03.066 

36. Pace M, Gannon K, Friedland M, Spurlin G, Price 
LL. Influence of inpatient opioid consumption on 
persistent use following total knee arthroplasty. Reg 
Anesth Pain Med. 2021;46(2):99-103. doi:10.1136/rap
m-2020-101582 

37. Cancienne JM, Patel KJ, Browne JA, Werner BC. 
Narcotic Use and Total Knee Arthroplasty. J 
Arthroplasty. 2018;33(1):113-118. doi:10.1016/j.arth.2
017.08.006 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 9

https://doi.org/10.1093/milmed/usaa573
https://doi.org/10.1093/milmed/usaa573
https://doi.org/10.1016/j.arth.2017.04.002
https://doi.org/10.1007/s00590-019-02618-w
https://doi.org/10.1007/s00590-019-02618-w
https://doi.org/10.1016/j.arth.2017.03.014
https://doi.org/10.1186/s12891-020-03413-z
https://doi.org/10.1186/s12891-020-03413-z
https://doi.org/10.1016/j.arth.2018.03.068
https://doi.org/10.1016/j.arth.2018.03.068
https://doi.org/10.1016/j.arth.2017.10.060
https://doi.org/10.1016/j.arth.2017.10.060
https://doi.org/10.1002/ejp.1703
https://doi.org/10.1016/j.arth.2018.12.023
https://doi.org/10.1016/j.arth.2018.12.023
https://doi.org/10.1016/j.arth.2021.01.016
https://doi.org/10.1016/j.arth.2021.01.016
https://doi.org/10.1186/s12891-019-2619-8
https://doi.org/10.1186/s12891-019-2619-8
https://doi.org/10.1016/j.arth.2016.01.068
https://doi.org/10.2106/jbjs.20.00732
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med17&NEWS=N&AN=32008614
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med17&NEWS=N&AN=32008614
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med17&NEWS=N&AN=32008614
https://doi.org/10.1016/j.arth.2020.03.001
https://doi.org/10.1016/j.arth.2020.03.001
https://doi.org/10.1016/j.arth.2019.01.054
https://doi.org/10.1016/j.arth.2019.01.054
https://doi.org/10.1016/j.arth.2017.10.011
https://doi.org/10.1016/j.arth.2017.10.011
https://doi.org/10.1016/j.arth.2018.03.066
https://doi.org/10.1016/j.arth.2018.03.066
https://doi.org/10.1136/rapm-2020-101582
https://doi.org/10.1136/rapm-2020-101582
https://doi.org/10.1016/j.arth.2017.08.006
https://doi.org/10.1016/j.arth.2017.08.006


38. Bedard NA, Sierra RJ, Mabry T. Opioids After 
Orthopaedic Surgery: There Is a Need for Universal 
Prescribing Recommendations. J Bone Jt Surg - Am 
Vol. 2018;100(3):e17. doi:10.2106/jbjs.17.01480 

39. Sabatino MJ, Kunkel ST, Ramkumar DB, Keeney 
BJ, Jevsevar DS. Excess Opioid Medication and 
Variation in Prescribing Patterns Following Common 
Orthopaedic Procedures. J Bone Joint Surg Am. 
2018;100(3):180-188. doi:10.2106/jbjs.17.00672 

40. Consson AM, Brant JM, Dudley WN, Riemann LA, 
Mullette EJ, Petersen BJ. Predictors and 
Characteristics of Opioid Utilization  >15 Days 
Following Total Knee Arthroplasty. J Arthroplasty. 
2020;35(8):2027-2032. doi:10.1016/j.arth.2020.03.030 

41. Hadlandsmyth K, Vander Weg MW, McCoy KD, 
Mosher HJ, Vaughan-Sarrazin MS, Lund BC. Risk for 
Prolonged Opioid Use Following Total Knee 
Arthroplasty in Veterans. J Arthroplasty. 
2018;33(1):119-123. doi:10.1016/j.arth.2017.08.022 

42. Roebke AJ, Via GG, Everhart JS, et al. Inpatient 
and outpatient opioidrequirements after total 
jointreplacement are strongly influenced bypatient 
and surgical factors. Bone Jt Open. 2020;1(7):398-404. 
doi:10.1302/2633-1462.17.BJO 

43. Cao G, Xiang S, Yang M, et al. Risk factors of 
opioid use associated with an enhanced-recovery 
programme after total knee arthroplasty. BMC 
Musculoskelet Disord. 2021;22(1). doi:10.1186/s1289
1-021-04937-8 

44. Tran T, Castello J, Taylor SE, et al. Opioid Use and 
Appropriateness of Supply After Total Knee or Hip 
Arthroplasty: An Australian Perspective. J Am Acad 
Orthop Surg. 2020;28(23):e980-e989. doi:10.5435/jaao
s-d-19-00789 

45. Wilke BK, Foster DT, Roberts CA, et al. Early In-
Hospital Pain Control Is a Stronger Predictor for 
Patients Requiring a Refill of Narcotic Pain 
Medication Compared to the Amount of Narcotics 
Given at Discharge. J Arthroplasty. 
2019;34(7):1354-1358. doi:10.1016/j.arth.2019.02.059 

46. Kehlet H. Multimodal approach to control 
postoperative pathophysiology and rehabilitation. Br 
J Anaesth. 1997;78(5):606-617. doi:10.1093/bja/78.5.6
06 

47. Huang ZD, Gu HY, Zhu J, et al. The application of 
enhanced recovery after surgery for upper 
gastrointestinal surgery: Meta-analysis. BMC Surg. 
2020;20(1). doi:10.1186/s12893-019-0669-3 

48. Elsarrag M, Soldozy S, Patel P, et al. Enhanced 
recovery after spine surgery: a systematic review. 
Neurosurg Focus. 2019;46(4):E3. doi:10.3171/2019.1.f
ocus18700 

49. Dietz N, Sharma M, Adams S, et al. Enhanced 
Recovery After Surgery (ERAS) for Spine Surgery: A 
Systematic Review. World Neurosurg. 
2019;130:415-426. doi:10.1016/j.wneu.2019.06.181 

50. Smith TW Jr, Wang X, Singer MA, Godellas CV, 
Vaince FT. Enhanced recovery after surgery: A clinical 
review of implementation across multiple surgical 
subspecialties. Am J Surg. 2020;219(3):530-534. doi:1
0.1016/j.amjsurg.2019.11.009 

51. Debono B, Corniola MV, Pietton R, Sabatier P, 
Hamel O, Tessitore E. Benefits of Enhanced Recovery 
After Surgery for fusion in degenerative spine 
surgery: impact on outcome, length of stay, and 
patient satisfaction. Neurosurg Focus. 2019;46(4):E6. 
doi:10.3171/2019.1.focus18669 

52. Thangavel D, Gerges B, Brand A. Prospective 
study of patient satisfaction with enhanced recovery 
after surgery (ERAS) protocol in the immediate post-
operative period in gynaecological oncology. Aust 
New Zeal J Obstet Gynaecol. 2021;61(4). doi:10.1111/aj
o.13361 

53. Lavand’homme P, Estebe JP. Opioid-free 
anesthesia. Curr Opin Anaesthesiol. 
2018;31(5):556-561. doi:10.1097/aco.0000000000000
632 

54. Colvin LA, Bull F, Hales TG. Perioperative opioid 
analgesia—when is enough too much? A review of 
opioid-induced tolerance and hyperalgesia. Lancet. 
2019;393(10180):1558-1568. doi:10.1016/s0140-673
6(19)30430-1 

55. Li J wen, Ma Y shuo, Xiao L kun. Postoperative 
Pain Management in Total Knee Arthroplasty. Orthop 
Surg. 2019;11(5):755-761. doi:10.1111/os.12535 

56. Feng J, Novikov D, Anoushiravani A, Schwarzkopf 
R. Total knee arthroplasty: improving outcomes with 
a multidisciplinary approach. J Multidiscip Healthc. 
2018;Volume 11:63-73. doi:10.2147/jmdh.s140550 

57. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. 
Projections of Primary and Revision Hip and Knee 
Arthroplasty in the United States from 2005 to 2030. J 
Bone Jt Surg. 2007;89(4):780-785. doi:10.2106/jbjs.f.0
0222 

58. Kehlet H. Fast-track hip and knee arthroplasty. 
Lancet. 2013;381(9878):1600-1602. doi:10.1016/s014
0-6736(13)61003-x 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 10

https://doi.org/10.2106/jbjs.17.01480
https://doi.org/10.2106/jbjs.17.00672
https://doi.org/10.1016/j.arth.2020.03.030
https://doi.org/10.1016/j.arth.2017.08.022
https://doi.org/10.1302/2633-1462.17.BJO
https://doi.org/10.1186/s12891-021-04937-8
https://doi.org/10.1186/s12891-021-04937-8
https://doi.org/10.5435/jaaos-d-19-00789
https://doi.org/10.5435/jaaos-d-19-00789
https://doi.org/10.1016/j.arth.2019.02.059
https://doi.org/10.1093/bja/78.5.606
https://doi.org/10.1093/bja/78.5.606
https://doi.org/10.1186/s12893-019-0669-3
https://doi.org/10.3171/2019.1.focus18700
https://doi.org/10.3171/2019.1.focus18700
https://doi.org/10.1016/j.wneu.2019.06.181
https://doi.org/10.1016/j.amjsurg.2019.11.009
https://doi.org/10.1016/j.amjsurg.2019.11.009
https://doi.org/10.3171/2019.1.focus18669
https://doi.org/10.1111/ajo.13361
https://doi.org/10.1111/ajo.13361
https://doi.org/10.1097/aco.0000000000000632
https://doi.org/10.1097/aco.0000000000000632
https://doi.org/10.1016/s0140-6736(19)30430-1
https://doi.org/10.1016/s0140-6736(19)30430-1
https://doi.org/10.1111/os.12535
https://doi.org/10.2147/jmdh.s140550
https://doi.org/10.2106/jbjs.f.00222
https://doi.org/10.2106/jbjs.f.00222
https://doi.org/10.1016/s0140-6736(13)61003-x
https://doi.org/10.1016/s0140-6736(13)61003-x


59. Hartog YM den, Mathijssen NM, Vehmeijer SB. 
Reduced length of hospital stay after the introduction 
of a rapid recovery protocol for primary THA 
procedures. Acta Orthop. 2013;84(5):444-447. doi:10.3
109/17453674.2013.838657 

60. Khan SK, Malviya A, Muller SD, et al. Reduced 
short-term complications and mortality following 
Enhanced Recovery primary hip and knee 
arthroplasty: results from 6,000 consecutive 
procedures. Acta Orthop. 2014;85(1):26-31. doi:10.31
09/17453674.2013.874925 

61. Aasvang EK, Luna IE, Kehlet H. Challenges in 
postdischarge function and recovery: the case of fast-
track hip and knee arthroplasty. Br J Anaesth. 
2015;115(6):861-866. doi:10.1093/bja/aev257 

62. Gromov K, Kjærsgaard-Andersen P, Revald P, 
Kehlet H, Husted H. Feasibility of outpatient total hip 
and knee arthroplasty in unselected patients. Acta 
Orthop. 2017;88(5):516-521. doi:10.1080/17453674.2
017.1314158 

63. Vendittoli PA, Pellei K, Desmeules F, et al. 
Enhanced recovery short-stay hip and knee joint 
replacement program improves patients outcomes 
while reducing hospital costs. Orthop Traumatol Surg 
Res. 2019;105(7):1237-1243. doi:10.1016/j.otsr.2019.0
8.013 

64. Frassanito L, Vergari A, Nestorini R, et al. 
Enhanced recovery after surgery (ERAS) in hip and 
knee replacement surgery: description of a 
multidisciplinary program to improve management 
of the patients undergoing major orthopedic surgery. 
Musculoskelet Surg. 2020;104(1):87-92. doi:10.1007/s1
2306-019-00603-4 

65. Wainwright TW, Gill M, McDonald DA, et al. 
Consensus statement for perioperative care in total 
hip replacement and total knee replacement surgery: 
Enhanced Recovery After Surgery (ERAS®) Society 
recommendations. Acta Orthop. 2020;91(1):3-19. do
i:10.1080/17453674.2019.1683790 

66. Liu J, Wang F. Preoperative celecoxib analgesia is 
more efficient and equally tolerated compared to 
postoperative celecoxib analgesia in knee 
osteoarthritis patients undergoing total knee 
arthroplasty. Medicine (Baltimore). 
2018;97(51):e13663. doi:10.1097/md.0000000000013
663 

67. Looke TD, Kluth CT. Effect of Preoperative 
Intravenous Methocarbamol and Intravenous 
Acetaminophen on Opioid Use After Primary Total 
Hip and Knee Replacement. Orthopedics. 
2013;36(2):25-32. doi:10.3928/01477447-20130122-5
4 

68. Yik JH, Tham WYW, Tay KH, Shen L, Krishna L. 
Perioperative pregabalin does not reduce opioid 
requirements in total knee arthroplasty. Knee Surg 
Sports Traumatol Arthrosc. 2019;27(7):2104-2110. do
i:10.1007/s00167-019-05385-7 

69. McDonald DA, Siegmeth R, Deakin AH, 
Kinninmonth AWG, Scott NB. An enhanced recovery 
programme for primary total knee arthroplasty in the 
United Kingdom — follow up at one year. Knee. 
2012;19(5):525-529. doi:10.1016/j.knee.2011.07.012 

70. Memtsoudis SG, Sun X, Chiu YL, et al. 
Perioperative Comparative Effectiveness of 
Anesthetic Technique in Orthopedic Patients. 
Anesthesiology. 2013;118(5):1046-1058. doi:10.1097/a
ln.0b013e318286061d 

71. Harsten A, Kehlet H, Ljung P, Toksvig-Larsen S. 
Total intravenous general anaesthesia vs. spinal 
anaesthesia for total hip arthroplasty. Acta 
Anaesthesiol Scand. 2015;59(4):542-543. doi:10.1111/
aas.12495 

72. Yun XD, Yin XL, Jiang J, et al. Local infiltration 
analgesia versus femoral nerve block in total knee 
arthroplasty: A meta-analysis. Orthop Traumatol Surg 
Res. 2015;101(5):565-569. doi:10.1016/j.otsr.2015.0
3.015 

73. Kandasami M, Kinninmonth AW, Sarungi M, 
Baines J, Scott NB. Femoral nerve block for total knee 
replacement — A word of caution. Knee. 
2009;16(2):98-100. doi:10.1016/j.knee.2008.10.007 

74. Ilfeld BM, Duke KB, Donohue MC. The 
Association Between Lower Extremity Continuous 
Peripheral Nerve Blocks and Patient Falls After Knee 
and Hip Arthroplasty. Anesth Analg. 
2010;111(6):1552-1554. doi:10.1213/ane.0b013e3181f
b9507 

75. Sharma S, Iorio R, Specht LM, Davies-Lepie S, 
Healy WL. Complications of Femoral Nerve Block for 
Total Knee Arthroplasty. Clin Orthop Relat Res. 
2010;468(1):135-140. doi:10.1007/s11999-009-1025-1 

76. Chan EY, Fransen M, Parker DA, Assam PN, Chua 
N. Femoral nerve blocks for acute postoperative pain 
after knee replacement surgery. Cochrane Database 
Syst Rev. Published online May 13, 2014. doi:10.1002/
14651858.cd009941.pub2 

77. Hickernell TR, Lakra A, Berg A, Cooper HJ, Geller 
JA, Shah RP. Should Cannabinoids Be Added to 
Multimodal Pain Regimens After Total Hip and Knee 
Arthroplasty? J Arthroplasty. 2018;33(12):3637-3641. 
doi:10.1016/j.arth.2018.07.027 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 11

https://doi.org/10.3109/17453674.2013.838657
https://doi.org/10.3109/17453674.2013.838657
https://doi.org/10.3109/17453674.2013.874925
https://doi.org/10.3109/17453674.2013.874925
https://doi.org/10.1093/bja/aev257
https://doi.org/10.1080/17453674.2017.1314158
https://doi.org/10.1080/17453674.2017.1314158
https://doi.org/10.1016/j.otsr.2019.08.013
https://doi.org/10.1016/j.otsr.2019.08.013
https://doi.org/10.1007/s12306-019-00603-4
https://doi.org/10.1007/s12306-019-00603-4
https://doi.org/10.1080/17453674.2019.1683790
https://doi.org/10.1080/17453674.2019.1683790
https://doi.org/10.1097/md.0000000000013663
https://doi.org/10.1097/md.0000000000013663
https://doi.org/10.3928/01477447-20130122-54
https://doi.org/10.3928/01477447-20130122-54
https://doi.org/10.1007/s00167-019-05385-7
https://doi.org/10.1007/s00167-019-05385-7
https://doi.org/10.1016/j.knee.2011.07.012
https://doi.org/10.1097/aln.0b013e318286061d
https://doi.org/10.1097/aln.0b013e318286061d
https://doi.org/10.1111/aas.12495
https://doi.org/10.1111/aas.12495
https://doi.org/10.1016/j.otsr.2015.03.015
https://doi.org/10.1016/j.otsr.2015.03.015
https://doi.org/10.1016/j.knee.2008.10.007
https://doi.org/10.1213/ane.0b013e3181fb9507
https://doi.org/10.1213/ane.0b013e3181fb9507
https://doi.org/10.1007/s11999-009-1025-1
https://doi.org/10.1002/14651858.cd009941.pub2
https://doi.org/10.1002/14651858.cd009941.pub2
https://doi.org/10.1016/j.arth.2018.07.027


78. Chen J, Hu W, Li SM, Li XL, Yang ZM. The efficacy 
of ketamine in total knee arthroplasty: a randomized 
controlled trial protocol. Medicine (Baltimore). 
2020;99(24):e20645. doi:10.1097/md.0000000000020
645 

79. Tan TL, Longenecker AS, Rhee JH, et al. 
Intraoperative Ketamine in Total Knee Arthroplasty 
Does Not Decrease Pain and Narcotic Consumption: 
A Prospective Randomized Controlled Trial. J 
Arthroplasty. 2019;34(8):1640-1645. doi:10.1016/j.art
h.2019.04.017 

80. Li Z, Chen Y. Ketamine reduces pain and opioid 
consumption after total knee arthroplasty: A meta-
analysis of randomized controlled studies. Int J Surg. 
2019;70:70-83. doi:10.1016/j.ijsu.2019.08.026 

81. Hartman J, Khanna V, Habib A, Farrokhyar F, 
Memon M, Adili A. Perioperative systemic 
glucocorticoids in total hip and knee arthroplasty: A 
systematic review of outcomes. J Orthop. 
2017;14(2):294-301. doi:10.1016/j.jor.2017.03.012 

82. Wu L, Si H, Li M, et al. The optimal dosage, route 
and timing of glucocorticoids administration for 
improving knee function, pain and inflammation in 
primary total knee arthroplasty: A systematic review 
and network meta-analysis of 34 randomized trials. 
Int J Surg. 2020;82:182-191. doi:10.1016/j.ijsu.2020.0
7.065 

83. Hannon CP, Fillingham YA, Nam D, et al. Opioids 
in Total Joint Arthroplasty: The Clinical Practice 
Guidelines of the American Association of Hip and 
Knee Surgeons, American Society of Regional 
Anesthesia and Pain Medicine, American Academy of 
Orthopaedic Surgeons, Hip Society, and Knee Society. 
J Arthroplasty. 2020;35(10):2709-2714. doi:10.1016/j.a
rth.2020.05.034 

84. Richards P, Gimbel JS, Minkowitz HS, Kelen R, 
Stern W. Comparison of the Efficacy and Safety of 
Dual-Opioid Treatment With Morphine Plus 
Oxycodone Versus Oxycodone/Acetaminophen for 
Moderate to Severe Acute Pain After Total Knee 
Arthroplasty. Clin Ther. 2013;35(4):498-511. doi:10.1
016/j.clinthera.2013.03.002 

85. Ghanem CI, Pérez MJ, Manautou JE, Mottino AD. 
Acetaminophen from liver to brain: New insights into 
drug pharmacological action and toxicity. Pharmacol 
Res. 2016;109:119-131. doi:10.1016/j.phrs.2016.02.02
0 

86. Huang PS, Gleason SM, Shah JA, Buros AF, 
Hoffman DA. Efficacy of Intravenous Acetaminophen 
for Postoperative Analgesia in Primary Total Knee 
Arthroplasty. J Arthroplasty. 2018;33(4):1052-1056. d
oi:10.1016/j.arth.2017.10.054 

87. Liang L, Cai Y, Li A, Ma C. The efficiency of 
intravenous acetaminophen for pain control 
following total knee and hip arthroplasty. Medicine 
(Baltimore). 2017;96(46):e8586. doi:10.1097/md.0000
000000008586 

88. Shi SB, Wang XB, Song JM, Guo SF, Chen ZX, 
Wang Y. Efficacy of intravenous acetaminophen in 
multimodal management for pain relief following 
total knee arthroplasty: a meta-analysis. J Orthop 
Surg Res. 2018;13(1). doi:10.1186/s13018-018-0950-7 

89. Bacchi S, Palumbo P, Sponta A, Coppolino MF. 
Clinical Pharmacology of Non-Steroidal Anti-
Inflammatory Drugs: A Review. Antiinflamm 
Antiallergy Agents Med Chem. 2012;11(1):52-64. doi:1
0.2174/187152312803476255 

90. Davies NM. Clinical Pharmacokinetics of 
Ibuprofen. Clin Pharmacokinet. 1998;34(2):101-154. d
oi:10.2165/00003088-199834020-00002 

91. Huang YM, Wang CM, Wang CT, Lin WP, Horng 
LC, Jiang CC. Perioperative celecoxib administration 
for pain management after total knee arthroplasty – 
A randomized, controlled study. BMC Musculoskelet 
Disord. 2008;9(1). doi:10.1186/1471-2474-9-77 

92. Buvanendran A, Kroin JS, Tuman KJ, et al. Effects 
of Perioperative Administration of a Selective 
Cyclooxygenase 2 Inhibitor on Pain Management and 
Recovery of Function After Knee Replacement. JAMA. 
2003;290(18):2411. doi:10.1001/jama.290.18.2411 

93. Kang J, Zhao Z, Lv J, et al. The efficacy of 
perioperative gabapentin for the treatment of 
postoperative pain following total knee and hip 
arthroplasty: a meta-analysis. J Orthop Surg Res. 
2020;15(1). doi:10.1186/s13018-020-01849-6 

94. Verret M, Lauzier F, Zarychanski R, et al. 
Perioperative Use of Gabapentinoids for the 
Management of Postoperative Acute Pain. 
Anesthesiology. 2020;133(2):265-279. doi:10.1097/al
n.0000000000003428 

95. Bockbrader HN, Wesche D, Miller R, Chapel S, 
Janiczek N, Burger P. A Comparison of the 
Pharmacokinetics and Pharmacodynamics of 
Pregabalin and Gabapentin. Clin Pharmacokinet. 
2010;49(10):661-669. doi:10.2165/11536200-0000000
00-00000 

96. Zhai L, Song Z, Liu K. The Effect of Gabapentin on 
Acute Postoperative Pain in Patients Undergoing 
Total Knee Arthroplasty. Medicine (Baltimore). 
2016;95(20):e3673. doi:10.1097/md.00000000000036
73 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 12

https://doi.org/10.1097/md.0000000000020645
https://doi.org/10.1097/md.0000000000020645
https://doi.org/10.1016/j.arth.2019.04.017
https://doi.org/10.1016/j.arth.2019.04.017
https://doi.org/10.1016/j.ijsu.2019.08.026
https://doi.org/10.1016/j.jor.2017.03.012
https://doi.org/10.1016/j.ijsu.2020.07.065
https://doi.org/10.1016/j.ijsu.2020.07.065
https://doi.org/10.1016/j.arth.2020.05.034
https://doi.org/10.1016/j.arth.2020.05.034
https://doi.org/10.1016/j.clinthera.2013.03.002
https://doi.org/10.1016/j.clinthera.2013.03.002
https://doi.org/10.1016/j.phrs.2016.02.020
https://doi.org/10.1016/j.phrs.2016.02.020
https://doi.org/10.1016/j.arth.2017.10.054
https://doi.org/10.1016/j.arth.2017.10.054
https://doi.org/10.1097/md.0000000000008586
https://doi.org/10.1097/md.0000000000008586
https://doi.org/10.1186/s13018-018-0950-7
https://doi.org/10.2174/187152312803476255
https://doi.org/10.2174/187152312803476255
https://doi.org/10.2165/00003088-199834020-00002
https://doi.org/10.2165/00003088-199834020-00002
https://doi.org/10.1186/1471-2474-9-77
https://doi.org/10.1001/jama.290.18.2411
https://doi.org/10.1186/s13018-020-01849-6
https://doi.org/10.1097/aln.0000000000003428
https://doi.org/10.1097/aln.0000000000003428
https://doi.org/10.2165/11536200-000000000-00000
https://doi.org/10.2165/11536200-000000000-00000
https://doi.org/10.1097/md.0000000000003673
https://doi.org/10.1097/md.0000000000003673


97. Vandewalle J, Luypaert A, De Bosscher K, Libert C. 
Therapeutic Mechanisms of Glucocorticoids. Trends 
Endocrinol Metab. 2018;29(1):42-54. doi:10.1016/j.te
m.2017.10.010 

98. Waldron NH, Jones CA, Gan TJ, Allen TK, Habib 
AS. Impact of perioperative dexamethasone on 
postoperative analgesia and side-effects: systematic 
review and meta-analysis. Br J Anaesth. 
2013;110(2):191-200. doi:10.1093/bja/aes431 

99. De Oliveira GS, Castro-Alves LJS, Ahmad S, 
Kendall MC, McCarthy RJ. Dexamethasone to Prevent 
Postoperative Nausea and Vomiting. Anesth Analg. 
2013;116(1):58-74. doi:10.1213/ane.0b013e31826f0a0
a 

100. Liu X, Liu J, Sun G. Preoperative intravenous 
glucocorticoids can reduce postoperative acute pain 
following total knee arthroplasty. Medicine 
(Baltimore). 2017;96(35):e7836. doi:10.1097/md.0000
000000007836 

101. Peltoniemi MA, Hagelberg NM, Olkkola KT, Saari 
TI. Ketamine: A Review of Clinical Pharmacokinetics 
and Pharmacodynamics in Anesthesia and Pain 
Therapy. Clin Pharmacokinet. 2016;55(9):1059-1077. d
oi:10.1007/s40262-016-0383-6 

102. Starowicz K, Finn DP. Cannabinoids and Pain: 
Sites and Mechanisms of Action. In: Cannabinoid 
Pharmacology. Elsevier; 2017:437-475. doi:10.1016/b
s.apha.2017.05.003 

103. Jennings JM, Angerame MR, Eschen CL, Phocas 
AJ, Dennis DA. Cannabis Use Does Not Affect 
Outcomes After Total Knee Arthroplasty. J 
Arthroplasty. 2019;34(8):1667-1669. doi:10.1016/j.art
h.2019.04.015 

104. Denduluri SK, Woolson ST, Indelli PF, Mariano 
ER, Harris AHS, Giori NJ. Cannabinoid and Opioid 
Use Among Total Joint Arthroplasty Patients: A 
6-Year, Single-Institution Study. Orthopedics. 
2021;44(1). doi:10.3928/01477447-20200928-02 

105. Golladay GJ, Balch KR, Dalury DF, Satpathy J, 
Jiranek WA. Oral Multimodal Analgesia for Total Joint 
Arthroplasty. J Arthroplasty. 2017;32(9):S69-S73. do
i:10.1016/j.arth.2017.05.002 

106. Schwinghammer AJ, Isaacs AN, Benner RW, 
Freeman H, O’Sullivan JA, Nisly SA. Continuous 
Infusion Ketorolac for Postoperative Analgesia 
Following Unilateral Total Knee Arthroplasty. Ann 
Pharmacother. 2017;51(6):451-456. doi:10.1177/1060
028017694655 

107. Byrne K, Clark J. Total knee arthroplasty – The 
optimal analgesic regime. Trends Anaesth Crit Care. 
2015;5(4):104-110. doi:10.1016/j.tacc.2015.04.004 

108. Goyal N, Parikh A, Austin M. Pain Management 
After Total Joint Arthroplasty. Semin Arthroplasty. 
2008;19(3):226-230. doi:10.1053/j.sart.2008.08.002 

109. McCartney CJL, Nelligan K. Postoperative Pain 
Management After Total Knee Arthroplasty in Elderly 
Patients: Treatment Options. Drugs Aging. 
2014;31(2):83-91. doi:10.1007/s40266-013-0148-y 

110. McKenzie JC, Goyal N, Hozack WJ. Multimodal 
pain management for total hip arthroplasty. Semin 
Arthroplasty. 2013;24(2):87-93. doi:10.1053/j.sart.201
3.07.007 

111. Capdevila X, Barthelet Y, Biboulet P, Ryckwaert 
Y, Rubenovitch J, d’Athis F. Effects of Perioperative 
Analgesic Technique on the Surgical Outcome and 
Duration of Rehabilitation after Major Knee Surgery. 
Anesthesiology. 1999;91(1):8-15. doi:10.1097/0000054
2-199907000-00006 

112. Patel N, Solovyova O, Matthews G, Arumugam S, 
Sinha SK, Lewis CG. Safety and Efficacy of 
Continuous Femoral Nerve Catheter with Single Shot 
Sciatic Nerve Block vs Epidural Catheter Anesthesia 
for Same-Day Bilateral Total Knee Arthroplasty. J 
Arthroplasty. 2015;30(2):330-334. doi:10.1016/j.arth.2
014.09.015 

113. Meng ZT, Cui F, Li XY, Wang DX. Epidural 
morphine improves postoperative analgesia in 
patients after total knee arthroplasty: A randomized 
controlled trial. PLoS One. 2019;14(7):e0219116. do
i:10.1371/journal.pone.0219116 

114. Farquhar-Smith P, Chapman S. Neuraxial 
(epidural and intrathecal) opioids for intractable 
pain. Br J Pain. 2012;6(1):25-35. doi:10.1177/2049463
712439256 

115. Cheah JW, Sing DC, Hansen EN, Aleshi P, Vail TP. 
Does Intrathecal Morphine in Spinal Anesthesia Have 
a Role in Modern Multimodal Analgesia for Primary 
Total Joint Arthroplasty? J Arthroplasty. 
2018;33(6):1693-1698. doi:10.1016/j.arth.2018.01.016 

116. Karlsen APH, Wetterslev M, Hansen SE, Hansen 
MS, Mathiesen O, Dahl JB. Postoperative pain 
treatment after total knee arthroplasty: A systematic 
review. PLoS One. 2017;12(3):e0173107. doi:10.1371/j
ournal.pone.0173107 

117. Gonvers E, El-Boghdadly K, Grape S, Albrecht E. 
Efficacy and safety of intrathecal morphine for 
analgesia after lower joint arthroplasty: a systematic 
review and meta-analysis with meta-regression and 
trial sequential analysis. Anaesthesia. 
2021;76(12):1648-1658. doi:10.1111/anae.15569 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 13

https://doi.org/10.1016/j.tem.2017.10.010
https://doi.org/10.1016/j.tem.2017.10.010
https://doi.org/10.1093/bja/aes431
https://doi.org/10.1213/ane.0b013e31826f0a0a
https://doi.org/10.1213/ane.0b013e31826f0a0a
https://doi.org/10.1097/md.0000000000007836
https://doi.org/10.1097/md.0000000000007836
https://doi.org/10.1007/s40262-016-0383-6
https://doi.org/10.1007/s40262-016-0383-6
https://doi.org/10.1016/bs.apha.2017.05.003
https://doi.org/10.1016/bs.apha.2017.05.003
https://doi.org/10.1016/j.arth.2019.04.015
https://doi.org/10.1016/j.arth.2019.04.015
https://doi.org/10.3928/01477447-20200928-02
https://doi.org/10.1016/j.arth.2017.05.002
https://doi.org/10.1016/j.arth.2017.05.002
https://doi.org/10.1177/1060028017694655
https://doi.org/10.1177/1060028017694655
https://doi.org/10.1016/j.tacc.2015.04.004
https://doi.org/10.1053/j.sart.2008.08.002
https://doi.org/10.1007/s40266-013-0148-y
https://doi.org/10.1053/j.sart.2013.07.007
https://doi.org/10.1053/j.sart.2013.07.007
https://doi.org/10.1097/00000542-199907000-00006
https://doi.org/10.1097/00000542-199907000-00006
https://doi.org/10.1016/j.arth.2014.09.015
https://doi.org/10.1016/j.arth.2014.09.015
https://doi.org/10.1371/journal.pone.0219116
https://doi.org/10.1371/journal.pone.0219116
https://doi.org/10.1177/2049463712439256
https://doi.org/10.1177/2049463712439256
https://doi.org/10.1016/j.arth.2018.01.016
https://doi.org/10.1371/journal.pone.0173107
https://doi.org/10.1371/journal.pone.0173107
https://doi.org/10.1111/anae.15569


118. Layera S, Aliste J, Bravo D, Saadawi M, Salinas 
FV, Tran DQ. Motor-sparing nerve blocks for total 
knee replacement: A scoping review. J Clin Anesth. 
2021;68:110076. doi:10.1016/j.jclinane.2020.110076 

119. D’Souza RS, Langford BJ, Olsen DA, Johnson RL. 
Ultrasound-Guided Local Anesthetic Infiltration 
Between the Popliteal Artery and the Capsule of the 
Posterior Knee (IPACK) Block for Primary Total Knee 
Arthroplasty: A Systematic Review of Randomized 
Controlled Trials. Local Reg Anesth. 2021;14:85-98. do
i:10.2147/lra.s303827 

120. Ochroch J, Qi V, Badiola I, et al. Analgesic 
efficacy of adding the IPACK block to a multimodal 
analgesia protocol for primary total knee 
arthroplasty. Reg Anesth Pain Med. 
2020;45(10):799-804. doi:10.1136/rapm-2020-101558 

121. Paul JE, Arya A, Hurlburt L, et al. Femoral Nerve 
Block Improves Analgesia Outcomes after Total Knee 
Arthroplasty. Anesthesiology. 2010;113(5):1144-1162. 
doi:10.1097/aln.0b013e3181f4b18 

122. Grape S, Kirkham KR, Baeriswyl M, Albrecht E. 
The analgesic efficacy of sciatic nerve block in 
addition to femoral nerve block in patients 
undergoing total knee arthroplasty: a systematic 
review and meta-analysis. Anaesthesia. 
2016;71(10):1198-1209. doi:10.1111/anae.13568 

123. Jæger P, Nielsen ZJK, Henningsen MH, Hilsted 
KL, Mathiesen O, Dahl JB. Adductor Canal Block 
versus Femoral Nerve Block and Quadriceps Strength. 
Anesthesiology. 2013;118(2):409-415. doi:10.1097/al
n.0b013e318279fa0b 

124. Perlas A, Kirkham KR, Billing R, et al. The 
Impact of Analgesic Modality on Early Ambulation 
Following Total Knee Arthroplasty. Reg Anesth Pain 
Med. 2013;38(4):334-339. doi:10.1097/aap.0b013e318
296b6a0 

125. Kapoor MC, Karkhur Y, Mahajan R, Kakralia A, 
Pandey AP. A comparative analysis of femoral nerve 
block with adductor canal block following total knee 
arthroplasty: A systematic literature review. J 
Anaesthesiol Clin Pharmacol. 2018;34(4):433. doi:10.4
103/joacp.joacp_198_18 

126. Kerr DR, Kohan L. Local infiltration analgesia: a 
technique for the control of acute postoperative pain 
following knee and hip surgery: A case study of 325 
patients. Acta Orthop. 2008;79(2):174-183. doi:10.108
0/17453670710014950 

127. Affas F. Local infiltration analgesia in knee and 
hip arthroplasty efficacy and safety. Scand J Pain. 
2016;13(1):59-66. doi:10.1016/j.sjpain.2016.05.041 

128. Mei S, Jin S, Chen Z, Ding X, Zhao X, Li Q. 
Analgesia for total knee arthroplasty: a meta-analysis 
comparing local infiltration and femoral nerve block. 
Clinics. 2015;70(9):648-653. doi:10.6061/clinics/201
5(09)09 

129. Ma LP, Qi YM, Zhao DX. Comparison of local 
infiltration analgesia and sciatic nerve block for pain 
control after total knee arthroplasty: a systematic 
review and meta-analysis. J Orthop Surg Res. 
2017;12(1). doi:10.1186/s13018-017-0586-z 

130. Zhao Y, Huang Z, Ma W. Comparison of adductor 
canal block with local infiltration analgesia in 
primary total knee arthroplasty: A meta-analysis of 
randomized controlled trials. Int J Surg. 
2019;69:89-97. doi:10.1016/j.ijsu.2019.07.024 

131. Kertkiatkachorn W, Kampitak W, Tanavalee A, 
Ngarmukos S. Adductor Canal Block Combined With 
iPACK (Interspace Between the Popliteal Artery and 
the Capsule of the Posterior Knee) Block vs 
Periarticular Injection for Analgesia After Total Knee 
Arthroplasty: A Randomized Noninferiority Trial. J 
Arthroplasty. 2021;36(1):122-129.e1. doi:10.1016/j.art
h.2020.06.086 

132. Benfield CP, Doe KK, Protzuk OA, Thacker LR, 
Golladay GJ. Effect of State Legislation on Discharge 
Opioid Prescriptions After Total Hip and Knee 
Arthroplasties. Arthroplast Today. 2020;6(4):856-859. 
doi:10.1016/j.artd.2020.08.003 

133. Randall DJ, Vanood A, Jee Y, Moore DD. National 
and State Level Opioid-Restricting Legislation in 
Total Joint Arthroplasty: A Systematic Review. J 
Arthroplasty. 2022;37(1):176-185. doi:10.1016/j.arth.2
021.07.013 

134. Yajnik M, Hill JN, Hunter OO, et al. Patient 
education and engagement in postoperative pain 
management decreases opioid use following knee 
replacement surgery. Patient Educ Couns. 
2019;102(2):383-387. doi:10.1016/j.pec.2018.09.001 

135. Chen Q, Hsia HL, Overman R, et al. Impact of an 
Opioid Safety Initiative on Patients Undergoing Total 
Knee Arthroplasty: A Time Series Analysis. 
Anesthesiology. 2019;131(2):369-380. doi:10.1097/al
n.0000000000002771 

The Ramifications of Opioid Utilization and Outcomes of Alternative Pain Control Strategies for Total Knee Arthroplasties

Orthopedic Reviews 14

https://doi.org/10.1016/j.jclinane.2020.110076
https://doi.org/10.2147/lra.s303827
https://doi.org/10.2147/lra.s303827
https://doi.org/10.1136/rapm-2020-101558
https://doi.org/10.1097/aln.0b013e3181f4b18
https://doi.org/10.1111/anae.13568
https://doi.org/10.1097/aln.0b013e318279fa0b
https://doi.org/10.1097/aln.0b013e318279fa0b
https://doi.org/10.1097/aap.0b013e318296b6a0
https://doi.org/10.1097/aap.0b013e318296b6a0
https://doi.org/10.4103/joacp.joacp_198_18
https://doi.org/10.4103/joacp.joacp_198_18
https://doi.org/10.1080/17453670710014950
https://doi.org/10.1080/17453670710014950
https://doi.org/10.1016/j.sjpain.2016.05.041
https://doi.org/10.6061/clinics/2015(09)09
https://doi.org/10.6061/clinics/2015(09)09
https://doi.org/10.1186/s13018-017-0586-z
https://doi.org/10.1016/j.ijsu.2019.07.024
https://doi.org/10.1016/j.arth.2020.06.086
https://doi.org/10.1016/j.arth.2020.06.086
https://doi.org/10.1016/j.artd.2020.08.003
https://doi.org/10.1016/j.arth.2021.07.013
https://doi.org/10.1016/j.arth.2021.07.013
https://doi.org/10.1016/j.pec.2018.09.001
https://doi.org/10.1097/aln.0000000000002771
https://doi.org/10.1097/aln.0000000000002771

	Introduction
	Opioid Epidemic and Sequelae
	Opioid Prescriptions and Surgery
	Opioid Use and Total Knee Arthroplasty

	Impact on Outcomes
	Clinical Significance of Opioid Use

	Risk Factors
	Preoperative Opioid Use
	Postoperative prescription characteristics
	Smoking and Alcohol
	Socioeconomic Factors and Medical Comorbidities
	Other

	Interventions to Reduce Opioid Usage and Their Outcomes
	Enhanced Recovery After Surgery Protocol
	Prescription Medications and Multimodal Pain Regimens
	Epidural Catheters, Peripheral Nerve Blocks, and Local Infiltration Analgesia
	Prescribing Limitations and Patient Safety Initiatives

	Conclusion
	Disclosures
	Funding

	References

