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Abstract: Background: Total hip and knee arthroplasties are among the most effective and widely
performed procedures in modern medicine, providing substantial benefits to patients with end-stage
osteoarthritis. These surgeries have transformed the treatment of degenerative joint disease, signifi-
cantly enhancing functionality and quality of life for patients. Despite considerable advancements in
surgical techniques and postoperative care, managing postoperative pain remains a major challenge,
impacting both clinical recovery and patient satisfaction. The persistence of postoperative pain as
a barrier to recovery underscores the need for improved pain management strategies. Methods:
A comprehensive narrative review of the literature was conducted, focusing on the physiological
mechanisms underlying surgical pain, the role of anesthesia techniques, and the development of
multimodal pain management approaches used in total joint arthroplasty. This review emphasizes
the components of modern multimodal strategies, which combine multiple pharmacologic and non-
pharmacologic methods to address the various mechanisms of postoperative pain. Results: Current
pain management strategies employ a dynamic, multimodal approach that covers the perioperative
period. These strategies aim to optimize pain control while minimizing side effects. They incorporate
a range of methods, including nerve blocks, non-opioid analgesics, opioids, and non-pharmacologic
techniques such as physical therapy. However, evidence regarding the efficacy and optimal combi-
nations of these interventions varies widely across studies. Conclusions: This variation has led to
inconsistent pain management practices across institutions. To standardize and improve care, this
paper presents the authors’ institutional pain management model, offering a potential framework for
broader application and adaptation in the field of joint arthroplasty.

Keywords: total hip arthroplasty; total knee arthroplasty; multimodal pain management; standardization;
analgesia

1. Introduction

Total hip and knee arthroplasty (THA, TKA) can dramatically improve the mobility,
functionality, and quality of life for patients with severe arthritis. Over one million total
joint arthroplasties (TJA) are performed annually in the U.S. and that number is expected to
continue growing over the coming decade [1,2]. Over the last several decades, there have
been significant innovations, including advancements in materials, implant designs, and
cost-effectiveness [3].

In addition to improved patient outcomes, these innovations have contributed to
reduced hospital lengths of stay, an increasingly important metric due to rising healthcare
costs and evolving value-based reimbursement models. In the last decade, the average
hospital stay for THA has decreased by over 50%, from three days in 2012 to 1.4 days in
2021. A similar trend has been observed for both unicompartmental and TKA during the
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same period, decreasing from 2.9 days in 2012 to 1.3 days in 2021 [4]. This trend is also
not unique to the U.S., with similar observations reported based on data from the English
National Health Service and in Asia [5,6].

Despite these improvements, the length of inpatient stay following TJA remains a
significant contributor to national healthcare costs [5]. One analysis of nearly five million
cases found that 39.6% of all TJAs in the U.S. resulted in hospital stays of three days or
longer, and 10% of procedures led to stays exceeding four days [7]. These findings suggest
that a considerable portion of TJA patients remain inpatient at least 25% longer than
average, with a small minority staying more than 66% longer. Moreover, the same study
showed that hospital costs increased by 5–8% for each additional night as an inpatient
following TJA [7,8]. In 2016, total hospital costs for patients who remained inpatient for
three days or more (n = 505,500) accounted for a 4.16 billion USD increase compared to a
scenario where those patients had been discharged after two midnights in the hospital [7].

Predictive indicators for increased length of hospital stay following TJA have been
extensively investigated, and it is well-understood that significant postoperative pain con-
tributes to delayed discharge [9]. Previous studies have attempted to predict which patients
will develop recovery-inhibiting pain, yet the predictive factors reported by these models
are broad, unspecific, and yet to be validated [8,10–13]. In addition to the patient’s subjec-
tive perception of pain severity directly influencing discharge readiness, postoperative pain
can deter patients from early ambulation, regaining range of motion, and mobilizing with
physical therapy. Consequently, this can prevent timely discharge home. Pain-induced
delays to beginning physical therapy can also increase a patient’s risk profile for developing
venous thrombosis and other complications [14].

Pain has dramatic negative impacts on patient satisfaction, long-term outcomes, and
likelihood of readmission [15], so managing patient expectations of pain associated with
TJA remains critically important. The objective of this review is to summarize and evaluate
contemporary approaches to pain control in TJA patients. We will first examine the
physiological mechanisms of surgical pain and then outline a comprehensive strategy,
based on the NYU Langone Health protocol, to mitigate pain and accelerate recovery.

2. Postoperative Pain: Surgical Causes and Mechanisms of Perception
2.1. Inflammatory Pain Response and Signaling Pathway

Soft tissue trauma during TJA leads to a local and systemic inflammatory cascade [16].
Insult to the local tissues causes the release of mediating compounds such as prostaglandins,
cytokines, and other inflammatory markers that signal the presence of trauma to the im-
mune system and initiate healing. These markers are subsequently detected by nociceptors
which trigger afferent electrical signaling in peripheral nerves [17].

These afferent signals travel to the dorsal root ganglion (DRG) and the dorsal horn of
the spinal cord where they synapse with secondary afferent interneurons and are modulated
by a complex array of excitatory and inhibitory mechanisms. Secondary afferent neurons
then project the processed somatosensory information to the brainstem of the supraspinal
central nervous system (CNS) where it is further modulated and projected to other areas of
the brain [18]. The signals are transmitted to the brainstem reticular formation, midbrain,
thalamus, and cerebral cortex via two primary ascending pathways, the contralateral
spinothalamic and spinoreticular pathways, where after higher central processing they are
experienced as pain [19].

2.2. Hypersensitization and Neural Plasticity

The peripheral nociceptive neurons that sense the original inflammatory insult are
highly plastic and become sensitized following the initial flood of inflammatory com-
pounds. As a result, lower-intensity sensory inputs will subsequently trigger exacerbated
pain responses [20]. The CNS demonstrates a similar type of plasticity in response to
increased signaling from peripheral neurons, enhancing further signaling with ongoing
nociceptive input. One mechanism driving this phenomenon involves the disinhibition of
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interactions between the primary CNS neurotransmitter glutamate and post-synaptic re-
ceptors, including N-methyl-D-aspartate (NMDA) receptors [21]. This type of sensitization
is an adaptive mechanism to promote wound healing; however, it becomes maladaptive
with severe or chronic post-surgical pain.

2.3. Neuropathic Pain

Postoperative pain may also result from surgically induced neuropathic pain due to
direct trauma to peripheral nerves. Studies demonstrate that 10–40% of patients experience
chronic neuropathic pain as a result of unintended neuronal trauma during surgery [22].
Clinically, neuropathic pain is characterized by persistent or radiating pains in the affected
area which can be triggered or intensified by external stimuli, noxious and otherwise.

Peripheral nerve injury has also been associated with aberrant impulses from injured
nerves and nearby uninjured nerves. This occurs because peripheral neurons that detect
damage selectively amplify the gene expression for various voltage-gated cation channel
subtypes following trauma [23]. Among the upregulated channel types are voltage-gated
sodium channels (VGSC) and voltage-gated calcium channels (VGCC), which increase
expression in the peripheral nerves and the DRG [24–27]. Heightened expression of cation
channels leads to increased excitability, lowered activation thresholds, and amplified
nociceptive signal transmission from peripheral nerves.

3. Systemic Pharmaceutical Options for Pain Control and Recovery
3.1. Opioids

Opioids function by binding to mu-opioid receptors in the CNS, competitively in-
hibiting pain signaling. As of 2019, opioids were prescribed to about 40% of U.S. knee
osteoarthritis patients, and as of 2017, approximately one-third of TKA patients had taken
opioids in the three months prior to their surgery [14,28,29]. Postoperative opioid pre-
scriptions are standard for the vast majority of TJA pain control protocols because of their
efficacy for reducing surgical pain [30].

However, minimizing postoperative opioid requirements for TJA patients is clinically
advantageous due to harmful side effects associated with their chronic use. Common side
effects of opioid consumption include tolerance, addiction, respiratory depression, and
hyperalgesia, among others, and their over-prescription has resulted in one of the most
severe public health crises in U.S. history [31,32].

Chronic opioid use prior to TJA has been associated with worse outcomes in terms of
pain control thresholds and recovery [30]. Specifically, patients with pre-existing history of
opioid use exhibit lowered pain tolerance, higher subjective pain scores, increased opioid
consumption, reduced functionality, longer recovery times, lower overall satisfaction, and
increased care costs when compared to opioid-naive patients [33–36]. Further, opioid-
tolerant patients may also require higher dosages of postoperative opioid analgesia for
sufficient pain control. As a result, one of the primary goals of multimodal pain control
is to minimize the need for postoperative opioids, and why non-opioid therapy, when
sufficiently effective, is preferred [37].

3.2. NSAIDs, Selective Cyclooxygenase Inhibitors, and Acetaminophen

NSAIDs such as naproxen, ibuprofen, and others work to reduce pain and inflam-
mation by inhibiting cyclooxygenase 1 and 2 (COX-1/2), isoenzymes which drive the
synthesis of mediating compounds necessary for the inflammatory process [38,39]. Periop-
erative administration of non-specific cyclooxygenase-inhibiting NSAIDs has been shown
to consistently and significantly reduce immediate postoperative pain scores and opioid
consumption [40]. Specifically, TJA patients who receive preoperative NSAIDs demonstrate
reduced pain scores and reduced patient-controlled analgesia morphine consumption for
the first 24 h post-surgery when compared to placebo [41].

NSAIDs, however, can induce potentially severe adverse gastrointestinal effects [42].
Specific COX-2-inhibiting drugs like celecoxib have been developed and are often preferred
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for their analgesic effects and reduced risk profile [14]. Numerous randomized-controlled
trials (RCT) have confirmed the pain control efficacy of COX-2-specific inhibitors without
showing any increase in surgical blood loss or other side effects compared to controls [43–45].
In the reviewed trials, administration both immediately before the first surgical incision as well
as over the 24 h period before surgery exhibited significant positive outcomes postoperatively.

In addition to oral selective COX-2 inhibitors, topical forms of non-selective COX-
inhibiting medications such as topical diclofenac and ibuprofen gel are frequently used [46].
Importantly, studies have observed that topical NSAIDs are less effective than systemic
NSAIDs in terms of analgesia, but have a more favorable safety profile with the exception
of local dermatologic side effects [47].

Acetaminophen is used synergistically with NSAIDs to combat surgical pain, and works
by inhibiting the cyclooxygenase pathway. However, unlike NSAIDs, acetaminophen’s
actions on the COX pathway are limited to the CNS, and the drug does not limit the portion
of the inflammatory cascade that occurs peripherally [48]. It is widely used by physicians
postoperatively as it is inexpensive, effective, well-researched, and has few side effects when
compared to opioids [40].

Preoperative oral acetaminophen and intraoperative intravenous acetaminophen
reduce pain scores and morphine consumption through the first three days after TJA [49–51].
Though there is some disagreement between studies regarding whether oral or intravenous
acetaminophen is more effective, both forms improve pain outcomes and either can be
used safely when clinically indicated [40,52].

3.3. NMDA Receptor Antagonists

Ketamine and dextromethorphan are non-competitive NMDA receptor antagonists.
These medications inhibit the ability of CNS neurotransmitters to bind to NMDA re-
ceptors in afferent pain pathways, thus limiting CNS inflammatory and neuronal pain
signaling [53]. These drugs also have known interactions with opioid, cholinergic, and
monoamine receptors as well, which may contribute to observed effectiveness for surgical
pain prevention [54,55].

Ketamine, originally developed as a general anesthetic, is well-researched and es-
tablished for use in subanesthetic concentrations to treat chronic and acute pain, and has
been shown to be exceptionally effective for opioid-tolerant patients [54,56,57]. Specifically,
one meta-analysis of 20 RCTs showed that intravenous, low-dose ketamine administered
preoperatively or intraoperatively reduced overall pain scores and opioid consumption in
orthopedic surgery patients at 24 and 48 h postoperatively [58]. Similarly, another analysis
examining the analgesic effectiveness of preoperative dextromethorphan demonstrated
significant reductions in opioid consumption and pain scores over the first 24 h after
surgery [59].

Despite extensive positive results regarding the effectiveness of NMDA receptor
antagonists as surgical analgesics, there is still some controversy regarding their efficacy,
as well as great variability between drug choice, dosage, and timing protocols between
existing studies [60]. Despite this, the preponderance of the evidence points to NMDA
receptor antagonists being exceptionally effective in procedures greater than 90 min in
duration and those with more extensive tissue trauma, such as TJA [55,58]. Further study
is warranted to define specific parameters regarding the role of drugs like ketamine in TJA
and other major orthopedic procedures.

3.4. Intraarticular and Systemic Corticosteroids

Corticosteroids work as anti-inflammatory agents through the suppression of cellular
immune function, thus reducing inflammatory pain and mitigating subsequent hyperal-
gesia [61,62]. A number of RCTs have exhibited evidence that both systemic and locally
administered corticosteroids in the pre-, intra-, and postoperative periods effectively and
safely reduce pain scores and opioid consumption after TJA [63,64]. One analysis of TJA out-
comes showed that patients who received perioperative systemic corticosteroids (1–3 doses
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of dexamethasone, prednisone, hydrocortisone, or methylprednisone pre- and/or postop-
eratively) had lower active and resting pain scores, reduced opioid consumption, and no
increase in infection or other complication risk compared to controls [64]. The addition
of corticosteroids to periarticular local anesthetic injections improves the range of motion
and functional status in early recovery stages, reduces pain scores, and reduces opioid
consumption without increasing complication risk [65].

Perioperative corticosteroids in TJA have even been shown to exhibit some level
of dose-responsiveness in their analgesic effectiveness. One retrospective cohort review
of over 4200 TJA cases demonstrated that the patients who received two perioperative
doses of 10 mg intravenous dexamethasone had improved outcomes compared to those
who received one dose of the medication [66]. In that study, patients who received
two doses exhibited reduced opioid consumption and self-assessed pain scores throughout
the first three postoperative days compared to the single-dose group with comparable
functional recoveries.

Corticosteroids do confer risk of adverse effects, including increased likelihood of
infection due to immune suppression, delayed wound healing, and others [67]. However,
these side effects are more commonly associated with prolonged systemic use, and short-
course corticosteroids are a safe and effective way to reduce surgical pain and improve
recovery metrics for most patients [64,65,67].

3.5. Gabapentin and Pregabalin

The gabapentinoids, gabapentin and pregabalin, are anticonvulsants used to treat
neuropathic pain conditions such as neuropathy and fibromyalgia [68]. These medications
bind to the alpha-2-delta subtype of presynaptic VGCCs, which reduces the concentra-
tion of calcium in presynaptic nerve terminals, thus decreasing the release of excitatory
neurotransmitters, such as glutamate, in the CNS [69].

Gabapentinoids have become common off-label adjuncts to multimodal pain manage-
ment for TJA patients, though evidence regarding their efficacy for reducing post-surgical
pain and opioid consumption is mixed. Some analyses have indicated that gabapentin
specifically has analgesic and opioid dependence-reducing qualities when applied both
preoperatively and postoperatively [69–73]. Other studies, however, have suggested that
the medication has no effect on postoperative pain or opioid consumption in TJA patients
and that it may even lead to increased risk of adverse effects during recovery [74–77]. Due
to the risk of side effects associated with gabapentin, especially when taken in combina-
tion with opioids, careful consideration should be applied when prescribing gabapentin
off-label for surgical pain [75,78].

Pregabalin has moderate evidence supporting its efficacy, both with single and multi-
dose perioperative administrations, for reducing post-TJA pain and opioid dependence [79].
Pregabalin is six times more potent than gabapentin and more rapidly effective, making it
equally effective for neuropathic pain at much lower doses [27]. Pregabalin also exhibits
several distinct advantages with regard to pharmacokinetic predictability and bioavailabil-
ity when compared with gabapentin [80]. The American Academy of Orthopedic Surgeons
(AAOS) recommends further study to determine pregabalin’s role in optimal pain man-
agement, but acknowledges the existing evidence supporting its positive effect on pain
control [81].

4. Anesthetic Techniques and Postoperative Pain

Historically, general anesthesia has been the standard of care for patients undergoing
major surgeries like TJA [82]. General anesthesia (GA) has several notable benefits and side
effects, including anterograde and retrograde amnesia, intraoperative paralysis, absence of
intraoperative patient anxiety, and greater control over the patient’s airway throughout
the procedure [83,84]. However, other more targeted modalities have become increasingly
common in recent decades, and research has indicated that various types of regional
anesthesia are associated with improved pain-related and functional outcomes [82,84,85].
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4.1. Neuraxial Anesthesia: Epidural and Spinal

Spinal and epidural anesthesia, collectively referred to as neuraxial anesthesia, in-
volves delivering anesthetics and analgesics to the cerebrospinal fluid in the subarachnoid
or epidural space of the lumbar spine [82]. Neuraxial anesthesia can be given for the
duration of a procedure for durable pain control that persists into the postoperative pe-
riod [84]. Epidural catheters may even remain in place after surgery for use as postoperative
analgesia, with some evidence of improved outcomes compared to systemic opioid-based
analgesia [86,87].

Several studies have demonstrated that spinal anesthesia is associated with less anal-
gesic requirement in the post-anesthesia care unit (PACU) and shorter hospital stays
compared to GA in several different types of orthopedic surgery. One study that examined
outcomes for 17,690 patients who underwent primary TKA under either general or spinal
anesthesia observed that the neuraxial anesthetic group had lower average postoperative
pain scores, required less oral morphine equivalents, and had significantly fewer 30 and
90 day readmissions [88]. Numerous other studies have reported similar results, indicating
that neuraxial anesthesia is associated with improved outcomes and a reduced risk of
nearly all reported complications compared to GA [89–91]. This has led to a generally
accepted consensus that neuraxial anesthesia should be preferred to GA when possible.

4.2. Peripheral Nerve Blockade

Peripheral nerve blocks (PNBs) are another highly effective adjunct in regional anes-
thesia commonly used in ambulatory procedures to localize anesthetic effects to a specific
nerve or plexus. They can reduce postoperative pain and shorten inpatient hospitalizations
when used in conjunction with GA compared to GA alone [92]. PNBs can be performed
as single injections or through continuous delivery of anesthetic agent via a percutaneous
catheter. The duration and density of the block can also be easily modulated based on the
choice, concentration, and amount of local anesthetic agent used [93]. PNBs that can be
used in TKA and THA include blocks of the obturator nerve, parasacral sciatic nerve, lum-
bar plexus-psoas, adductor canal, and other combination blocks such as the pericapsular
nerve group (PENG) [94–97].

Based on moderate clinical evidence, PNBs appear to provide optimal outcomes com-
pared to other anesthetic modalities in terms of reducing postoperative complications
associated with TJA. In fact, PNB anesthesia is the current consensus recommendation
for TJA from the International Consensus on Anesthesia-Related Outcomes after Surgery
(ICAROS). This recommendation was based on a meta-analysis of 122 RCTs and obser-
vational studies involving over one million TJA patients [98]. That analysis found that
PNB anesthesia was associated with reduced risk of serious postoperative complications
such as cognitive dysfunction, cardiac complication, surgical site infection, respiratory
failure, thromboembolism, and blood transfusions. In a separate study that included over
one million TJA patients, the use of PNBs resulted in a 16.2% and 12.7% reduction in
postoperative opioid consumption for THA and TKA patients, respectively [99].

Although this form of anesthesia has demonstrated exceptional efficacy and safety,
when used for continuous postoperative analgesia PNB may delay patients’ progression to
physical therapy and impact their overall recovery due to lower extremity motor control
interference. Therefore, the benefits and effectiveness of continuous PNBs should be
weighed against the potential consequences of delayed mobilization. Nonetheless, PNBs
have few contraindications and are widely regarded as the preferred modality of anesthesia
for TJA procedures.

4.3. Local Infiltration Periarticular Injection

Local infiltration anesthesia (LIA) involves the intraoperative direct application of at
least one anesthetic agent to the periosteum and joint capsule to reduce postoperative pain,
mitigate opioid consumption, and promote early mobilization. LIA medication mixtures
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commonly include combinations of local anesthetic, epinephrine, NSAIDs, opioids, and
steroids, and can be used in combination with GA, neuraxial anesthesia, or PNB.

Several studies have observed that perioperative LIA is effective for reducing short-
term postoperative pain, length of hospital stays, and opioid consumption associated with
TJA [100]. Continued postoperative LIA has also demonstrated equivalent pain control as
well as reduced nausea and improved range of motion at 24 and 48 h after surgery when
compared to postoperative epidural analgesia [101]. Therefore, continuous postoperative
LIA may be a preferable option for postoperative pain control because it interferes less with
lower extremity motor control which likely leads to expedited mobilization.

Though LIA techniques are commonly implemented today and most of the evidence
supports their efficacy, there is still a lack of consensus on the optimal protocol [102].
Because there is no clinical consensus on the best mixtures and methods for LIA application,
the existing studies lack uniformity regarding medications used and timing of application,
leading to some inherent uncertainty in conclusions. Further research on optimal protocols
is necessary to establish standardized guidelines for clinical application of LIA.

5. Non-Pharmacologic and Novel Strategies for Surgical Pain Management
5.1. Perioperative Physical Therapy and Exercise

Given the well-characterized relationship between physical activity and cardiovascular
health on generalized health outcomes, numerous studies have examined the efficacy of
short-term physical preparation programs for improving surgical outcomes. Several of
these investigations have shown that preoperative physical therapy can have positive effects
on post-surgical pain, length of hospital stay, functional recovery, and opioid consumption;
however, reported results have been inconsistent [103–106]. Contradictory conclusions
between studies could be due to variable program intensity, patient compliance, and
program duration. Given the variability in reported efficacy of these programs, their cost
may constitute a potential limitation to their broader implementation. More research is
needed to determine the analgesic efficacy of preoperative rehabilitation programs and the
overall cost-effectiveness of implementation.

Postoperatively, physical therapy is a well-established and proven component of the
surgical recovery process, essential for reducing chronic pain and increasing functional-
ity [107]. Earlier postoperative physical therapy after TJA is associated with shortened
hospital stays, reduced care costs, improved functional outcomes, as well as reductions in
opioid consumption and pain scores [108–110]. In fact, patients who start physical therapy
within 24 h of their TJA procedure experience lower rates of 30-day readmission and sooner
achievement of functional autonomy compared to those who do not [111,112]. Therefore,
early postoperative mobilization and physical therapy following TJA is one of the most
effective and highly recommended solutions to chronic surgical pain.

5.2. Cryotherapy

Cryotherapy appears to exhibit some benefit in terms of postoperative pain and
recovery of function; however, its efficacy is still disputed due to a paucity of reliable
research [113]. Cryotherapeutic analgesia facilitates a drop in the intraarticular temper-
ature [114]. The drop in intraarticular and surrounding tissue temperature theoretically
leads to reduced local nerve conduction, inflammation, tissue edema, blood flow, and
ultimately less postoperative pain, reduced swelling, and improved mobility [113].

While the evidence regarding its efficacy is not definitive, aggregated data on the use
of cryotherapy for surgical recovery has suggested that it may provide marginal benefits
in terms of pain reduction, decreased blood loss, and mobility recovery [115]. Though
the overall quality of the evidence is considered low, partially due to the lack of stan-
dardized implementation protocols, postoperative cryotherapy is commonly implemented
and in accordance with AAOS clinical practice guidelines for musculoskeletal extremity
surgeries [81]. This is due to the relatively few potential side effects of local cryotherapy.
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However, more research on this analgesic option is necessary to determine its optimal role
in recovery.

5.3. Percutaneous Peripheral Nerve Stimulation

Percutaneous peripheral nerve stimulation (PNS) is a non-pharmacologic analgesic
therapy that involves the use of ultrasound to place perineural electrodes for the purpose of
electrically stimulating a particular nerve. The most commonly accepted theory describing
the analgesic mechanism behind percutaneous PNS is known as gate control theory, which
postulates that when peripheral afferent nerve fibers are activated by non-noxious stimuli, it
impedes the simultaneous transfer of pain signaling [116]. Neural stimulation for analgesia
has been in use for decades in patients with chronic pain and has some clinical research to
support its efficacy; however, many of the studies examining its effectiveness have very small
study cohorts, bringing the generalizability of their observations into question [116–119].

The most significant limitation in its broader testing and application, particularly with
surgical patients, is how invasive the technique is. PNS involves the surgical placement
of percutaneous hardware in the vicinity of nerves, presenting significant potential for
consequences such as infection and nerve damage. In order to mitigate these types of risks,
a potential alternative could involve the use of transcutaneous electrical nerve stimula-
tion (TENS) via skin electrodes. However, the efficacy of this alternative has even less
evidentiary support and may not achieve even a marginal positive effect [116].

The cost of PNS and TENS protocols may constitute an additional limiting factor to
their application given the limited evidence regarding their efficacy. Electrical stimulation
techniques could present a viable option for post-TJA pain control in the future. However,
extensive further research is required prior to their widespread implementation in a pain
management protocol.

6. Evidence-Based Opioid Sparing Protocol Example

Our institution uses a standardized multimodal pain management protocol (MPMP)
for all patients who undergo TJA (Figure 1). This protocol is modified based on a number
of patient-specific factors including age, medical comorbidities, and history of opioid-
dependence. Preoperatively, patients are prescribed acetaminophen (1000 mg every 8 h)
and meloxicam (single 15 mg dose) starting one day prior to surgery.

During the procedure, an opioid-free spinal anesthetic is administered (either ropi-
vacaine or mepivacaine) with sedation, except in cases in which the patient refuses spinal
anesthesia, spinal anesthesia is unsuccessful, or contraindicated. In these cases, general
anesthesia is used. Intraoperative medications include an intravenous dose of dexametha-
sone (10 mg) for analgesia, in addition to a periarticular injection comprised of 60 cc 0.25%
bupivacaine and 15 mg ketorolac, infiltrated into the capsule and periosteum. Furthermore,
all primary elective TKA patients are given a single-dose adductor canal block.

Beginning on postoperative day (POD) 0, cold therapy is administered five times
per day for 20 min at a time. Patients also begin physical therapy on the same day as
their operation if they are awake prior to 1800 that day. In cases where patients do not
wake up until after 1800 on the evening of their surgery, they begin physical therapy the
following morning.

Patients younger than 65 years receive 1000 mg oral acetaminophen every 8 h starting
on postoperative day 0. Patients also receive a single 10 mg dose of dexamethasone and
one 30 mg dose of ketorolac on POD 1. Daily 15 mg meloxicam is initiated on POD 2. If
patients require further pain control, additional doses of medication are provided. For
patients experiencing mild pain (visual analog scale (VAS) score of 1 to 3), cold therapy is
increased to 15 min on and 15 min off with skin evaluations. For moderate pain (VAS 4 to
6), non-opioid-dependent patients are prescribed either 50 mg Tramadol every four hours
as needed, and for severe pain (VAS 7 to 10) 5 mg Oxycodone is given every four hours as
needed. Opioid-dependent patients receive 5 mg oxycodone every four hours as needed
for mild to moderate pain; this dose is increased to 10 mg for severe pain. Another 5 mg
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Oxycodone dose can be given every 6 h for breakthrough pain for a maximum of two doses.
For patients over 65 years, all dosages are divided in half.
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6), non-opioid-dependent patients are prescribed either 50 mg Tramadol every four hours 
as needed, and for severe pain (VAS 7 to 10) 5 mg Oxycodone is given every four hours as 
needed. Opioid-dependent patients receive 5 mg oxycodone every four hours as needed 
for mild to moderate pain; this dose is increased to 10 mg for severe pain. Another 5 mg 

Figure 1. NYU Langone Health multimodal pain management protocol (MPMP).

For chronic opioid users, patients with allergies or medical conditions interfering with
the standardized pain protocol, or those with pain not well-controlled under the protocol,
a 24 h pain management consult service is available.

7. Conclusions

Postoperative pain is a significant challenge for many hip and knee arthroplasty
patients that inhibits recovery, reduces patient satisfaction, and increases healthcare costs.
Multimodal pain management strategies are now the standard of care for mitigating patient
suffering and secondary complications following TJA procedures. Despite significant
emphasis on pain control following TJA, a high degree of variability remains among pain-
response strategies. These different approaches to perioperative pain management are
likely secondary to institutional limitations and differences in patient populations. More
targeted research is necessary to better identify which patients are at risk of experiencing
maladaptive pain after TJA and to elucidate more standardized treatment strategies.
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R.; Macas, A. Role of Multimodal Analgesia in the Evolving Enhanced Recovery after Surgery Pathways. Medicina 2018, 54, 20.
[CrossRef]

43. 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: A randomized, controlled study. Medicine 2018,
97, e13663. [CrossRef] [PubMed]

44. Lin, J.; Zhang, L.; Yang, H. Perioperative administration of selective cyclooxygenase-2 inhibitors for postoperative pain manage-
ment in patients after total knee arthroplasty. J. Arthroplast. 2013, 28, 207–213.e202. [CrossRef]

45. Zhu, Y.; Yao, R.; Li, Y.; Wu, C.; Heng, L.; Zhou, M.; Yan, L.; Deng, Y.; Zhang, Z.; Ping, L.; et al. Protective Effect of Celecoxib on
Early Postoperative Cognitive Dysfunction in Geriatric Patients. Front. Neurol. 2018, 9, 633. [CrossRef] [PubMed]

46. Nair, B.; Taylor-Gjevre, R. A Review of Topical Diclofenac Use in Musculoskeletal Disease. Pharmaceuticals 2010, 3, 1892–1908.
[CrossRef]

47. Zeng, C.; Doherty, M.; Persson, M.S.M.; Yang, Z.; Sarmanova, A.; Zhang, Y.; Wei, J.; Kaur, J.; Li, X.; Lei, G.; et al. Comparative
efficacy and safety of acetaminophen, topical and oral non-steroidal anti-inflammatory drugs for knee osteoarthritis: Evidence
from a network meta-analysis of randomized controlled trials and real-world data. Osteoarthr. Cartil. 2021, 29, 1242–1251.
[CrossRef] [PubMed]

48. Hickman, S.R.; Mathieson, K.M.; Bradford, L.M.; Garman, C.D.; Gregg, R.W.; Lukens, D.W. Randomized trial of oral versus
intravenous acetaminophen for postoperative pain control. Am. J. Health Syst. Pharm. 2018, 75, 367–375. [CrossRef] [PubMed]

https://doi.org/10.1152/physrev.00052.2017
https://www.ncbi.nlm.nih.gov/pubmed/30672368
https://doi.org/10.1016/j.bbi.2018.04.016
https://doi.org/10.1016/j.nurt.2009.07.006
https://doi.org/10.5694/mja2.51392
https://doi.org/10.1002/acr.24581
https://doi.org/10.5435/JAAOSGlobal-D-20-00066
https://doi.org/10.1016/S0140-6736(19)30430-1
https://doi.org/10.1038/s41380-020-0661-4
https://www.ncbi.nlm.nih.gov/pubmed/32020048
https://doi.org/10.1016/j.jse.2021.07.027
https://www.ncbi.nlm.nih.gov/pubmed/34474138
https://doi.org/10.1016/j.arthro.2020.06.005
https://www.ncbi.nlm.nih.gov/pubmed/32554075
https://doi.org/10.1093/neuros/nyz423
https://www.ncbi.nlm.nih.gov/pubmed/31595963
https://doi.org/10.5435/JAAOS-D-20-00316
https://www.cdc.gov/drugoverdose/pdf/Guidelines_At-A-Glance-508.pdf
https://doi.org/10.2174/1381612043453144
https://doi.org/10.4065/75.10.1027
https://doi.org/10.2106/JBJS.19.01423
https://doi.org/10.1016/S0952-8180(01)00382-8
https://doi.org/10.3390/medicina54020020
https://doi.org/10.1097/MD.0000000000013663
https://www.ncbi.nlm.nih.gov/pubmed/30572485
https://doi.org/10.1016/j.arth.2012.04.008
https://doi.org/10.3389/fneur.2018.00633
https://www.ncbi.nlm.nih.gov/pubmed/30131758
https://doi.org/10.3390/ph3061892
https://doi.org/10.1016/j.joca.2021.06.004
https://www.ncbi.nlm.nih.gov/pubmed/34174454
https://doi.org/10.2146/ajhp170064
https://www.ncbi.nlm.nih.gov/pubmed/29523533


J. Clin. Med. 2024, 13, 6819 12 of 14

49. Westrich, G.H.; Birch, G.A.; Muskat, A.R.; Padgett, D.E.; Goytizolo, E.A.; Bostrom, M.P.; Mayman, D.J.; Lin, Y.; YaDeau, J.T.
Intravenous vs Oral Acetaminophen as a Component of Multimodal Analgesia After Total Hip Arthroplasty: A Randomized,
Blinded Trial. J. Arthroplast. 2019, 34, S215–S220. [CrossRef]

50. Shi, S.B.; Wang, X.B.; Song, J.M.; Guo, S.F.; Chen, Z.X.; 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, 250. [CrossRef]

51. Murata-Ooiwa, M.; Tsukada, S.; Wakui, M. Intravenous Acetaminophen in Multimodal Pain Management for Patients Undergoing
Total Knee Arthroplasty: A Randomized, Double-Blind, Placebo-Controlled Trial. J. Arthroplast. 2017, 32, 3024–3028. [CrossRef]

52. Yu, S.; Eftekhary, N.; Wiznia, D.; Schwarzkopf, R.; Long, W.J.; Bosco, J.A.; Iorio, R. Evolution of an Opioid Sparse Pain Management
Program for Total Knee Arthroplasty With the Addition of Intravenous Acetaminophen. J. Arthroplast. 2020, 35, 89–94. [CrossRef]

53. Hewitt, D.J. The use of NMDA-receptor antagonists in the treatment of chronic pain. Clin. J. Pain 2000, 16, S73–S79. [CrossRef]
54. Yang, Y.; Maher, D.P.; Cohen, S.P. Emerging concepts on the use of ketamine for chronic pain. Expert. Rev. Clin. Pharmacol. 2020,

13, 135–146. [CrossRef] [PubMed]
55. Moon, T.S.; Smith, K.M. Ketamine Use in the Surgical Patient: A Literature Review. Curr. Pain Headache Rep. 2021, 25, 17.

[CrossRef]
56. Schwenk, E.S.; Viscusi, E.R.; Buvanendran, A.; Hurley, R.W.; Wasan, A.D.; Narouze, S.; Bhatia, A.; Davis, F.N.; Hooten, W.M.;

Cohen, S.P. Consensus Guidelines on the Use of Intravenous Ketamine Infusions for Acute Pain Management From the American
Society of Regional Anesthesia and Pain Medicine, the American Academy of Pain Medicine, and the American Society of
Anesthesiologists. Reg. Anesth. Pain Med. 2018, 43, 456–466. [CrossRef] [PubMed]

57. Loftus, R.W.; Yeager, M.P.; Clark, J.A.; Brown, J.R.; Abdu, W.A.; Sengupta, D.K.; Beach, M.L. Intraoperative ketamine reduces
perioperative opiate consumption in opiate-dependent patients with chronic back pain undergoing back surgery. Anesthesiology
2010, 113, 639–646. [CrossRef]

58. Riddell, J.M.; Trummel, J.M.; Onakpoya, I.J. Low-dose ketamine in painful orthopaedic surgery: A systematic review and
meta-analysis. Br. J. Anaesth. 2019, 123, 325–334. [CrossRef] [PubMed]

59. King, M.R.; Ladha, K.S.; Gelineau, A.M.; Anderson, T.A. Perioperative Dextromethorphan as an Adjunct for Postoperative Pain:
A Meta-analysis of Randomized Controlled Trials. Anesthesiology 2016, 124, 696–705. [CrossRef] [PubMed]

60. Tan, T.L.; Longenecker, A.S.; Rhee, J.H.; Good, R.P.; Emper, W.D.; Freedman, K.B.; Shaner, J.L.; McComb, J.J.; Levicoff, E.A. Intra-
operative Ketamine in Total Knee Arthroplasty Does Not Decrease Pain and Narcotic Consumption: A Prospective Randomized
Controlled Trial. J. Arthroplast. 2019, 34, 1640–1645. [CrossRef]

61. Jüni, P.; Hari, R.; Rutjes, A.W.S.; Fischer, R.; Silletta, M.G.; Reichenbach, S.; da Costa, B.R. Intra-Articular Corticosteroid for Knee
Osteoarthritis. In Cochrane Database of Systematic Reviews; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2015. [CrossRef]

62. McEwen, B.S.; Kalia, M. The role of corticosteroids and stress in chronic pain conditions. Metabolism 2010, 59 (Suppl. 1), S9–S15.
[CrossRef] [PubMed]

63. Salerno, A.; Hermann, R. Efficacy and Safety of Steroid Use for Postoperative Pain Relief: Update and Review of the Medical
Literature. J. Bone Jt. Surg. Am. 2006, 88, 1361–1372. [CrossRef]

64. Li, D.; Wang, C.; Yang, Z.; Kang, P. Effect of Intravenous Corticosteroids on Pain Management and Early Rehabilitation in Patients
Undergoing Total Knee or Hip Arthroplasty: A Meta-Analysis of Randomized Controlled Trials. Pain Pr. 2018, 18, 487–499.
[CrossRef]

65. Li, Q.; Mu, G.; Liu, X.; Chen, M. Efficacy of additional corticosteroids to multimodal cocktail periarticular injection in total knee
arthroplasty: A meta-analysis of randomized controlled trials. J. Orthop. Surg. Res. 2021, 16, 77. [CrossRef]

66. Arraut, J.; Thomas, J.; Oakley, C.T.; Barzideh, O.S.; Rozell, J.C.; Schwarzkopf, R. The AAHKS Best Podium Presentation Research
Award: A Second Dose of Dexamethasone Reduces Postoperative Opioid Consumption and Pain in Total Joint Arthroplasty.
J. Arthroplast. 2023, 38 (Suppl. 2), S21–S28. [CrossRef]

67. Polderman, J.A.; Farhang-Razi, V.; Van Dieren, S.; Kranke, P.; DeVries, J.H.; Hollmann, M.W.; Preckel, B.; Hermanides, J. Adverse
side effects of dexamethasone in surgical patients. Cochrane Database Syst. Rev. 2018, 8, Cd011940. [CrossRef]

68. Fu, J.L.; Perloff, M.D. Pharmacotherapy for Spine-Related Pain in Older Adults. Drugs Aging 2022, 39, 523–550. [CrossRef]
69. Gilron, I. Gabapentin and pregabalin for chronic neuropathic and early postsurgical pain: Current evidence and future directions.

Curr. Opin. Anaesthesiol. 2007, 20, 456–472. [CrossRef] [PubMed]
70. Han, C.; Li, X.D.; Jiang, H.Q.; Ma, J.X.; Ma, X.L. The use of gabapentin in the management of postoperative pain after total knee

arthroplasty: A PRISMA-compliant meta-analysis of randomized controlled trials. Medicine 2016, 95, e3883. [CrossRef] [PubMed]
71. Zhai, L.; Song, Z.; Liu, K. The Effect of Gabapentin on Acute Postoperative Pain in Patients Undergoing Total Knee Arthroplasty:

A Meta-Analysis. Medicine 2016, 95, e3673. [CrossRef] [PubMed]
72. Ho, K.Y.; Gan, T.J.; Habib, A.S. Gabapentin and postoperative pain--a systematic review of randomized controlled trials. Pain

2006, 126, 91–101. [CrossRef] [PubMed]
73. Seib, R.K.; Paul, J.E. Preoperative gabapentin for postoperative analgesia: A meta-analysis. Can. J. Anaesth. 2006, 53, 461–469.

[CrossRef]
74. Hannon, C.P.; Fillingham, Y.A.; Browne, J.A.; Schemitsch, E.H.; Mullen, K.; Casambre, F.; Visvabharathy, V.; Hamilton, W.G.; Della

Valle, C.J. The Efficacy and Safety of Gabapentinoids in Total Joint Arthroplasty: Systematic Review and Direct Meta-Analysis.
J. Arthroplast. 2020, 35, 2730–2738.e2736. [CrossRef] [PubMed]

https://doi.org/10.1016/j.arth.2019.02.030
https://doi.org/10.1186/s13018-018-0950-7
https://doi.org/10.1016/j.arth.2017.05.013
https://doi.org/10.1016/j.arth.2019.08.013
https://doi.org/10.1097/00002508-200006001-00013
https://doi.org/10.1080/17512433.2020.1717947
https://www.ncbi.nlm.nih.gov/pubmed/31990596
https://doi.org/10.1007/s11916-020-00930-3
https://doi.org/10.1097/AAP.0000000000000806
https://www.ncbi.nlm.nih.gov/pubmed/29870457
https://doi.org/10.1097/ALN.0b013e3181e90914
https://doi.org/10.1016/j.bja.2019.05.043
https://www.ncbi.nlm.nih.gov/pubmed/31327465
https://doi.org/10.1097/ALN.0000000000000950
https://www.ncbi.nlm.nih.gov/pubmed/26587683
https://doi.org/10.1016/j.arth.2019.04.017
https://doi.org/10.1002/14651858.CD005328.pub3
https://doi.org/10.1016/j.metabol.2010.07.012
https://www.ncbi.nlm.nih.gov/pubmed/20837196
https://doi.org/10.2106/JBJS.D.03018
https://doi.org/10.1111/papr.12637
https://doi.org/10.1186/s13018-020-02144-0
https://doi.org/10.1016/j.arth.2023.02.007
https://doi.org/10.1002/14651858.CD011940.pub2
https://doi.org/10.1007/s40266-022-00946-x
https://doi.org/10.1097/ACO.0b013e3282effaa7
https://www.ncbi.nlm.nih.gov/pubmed/17873599
https://doi.org/10.1097/MD.0000000000003883
https://www.ncbi.nlm.nih.gov/pubmed/27281103
https://doi.org/10.1097/MD.0000000000003673
https://www.ncbi.nlm.nih.gov/pubmed/27196473
https://doi.org/10.1016/j.pain.2006.06.018
https://www.ncbi.nlm.nih.gov/pubmed/16846695
https://doi.org/10.1007/BF03022618
https://doi.org/10.1016/j.arth.2020.05.033
https://www.ncbi.nlm.nih.gov/pubmed/32586656


J. Clin. Med. 2024, 13, 6819 13 of 14

75. Patzkowski, J.C.; Patzkowski, M.S. AAOS/METRC Clinical Practice Guideline Summary: Pharmacologic, Physical, and Cognitive
Pain Alleviation for Musculoskeletal Extremity/Pelvis Surgery. J. Am. Acad. Orthop. Surg. 2022, 30, e1152–e1160. [CrossRef]
[PubMed]

76. Paul, J.E.; Nantha-Aree, M.; Buckley, N.; Shahzad, U.; Cheng, J.; Thabane, L.; Tidy, A.; DeBeer, J.; Winemaker, M.; Wismer, D.;
et al. Randomized controlled trial of gabapentin as an adjunct to perioperative analgesia in total hip arthroplasty patients. Can. J.
Anaesth. 2015, 62, 476–484. [CrossRef] [PubMed]

77. Lunn, T.H.; Husted, H.; Laursen, M.B.; Hansen, L.T.; Kehlet, H. Analgesic and sedative effects of perioperative gabapentin in total
knee arthroplasty: A randomized, double-blind, placebo-controlled dose-finding study. Pain 2015, 156, 2438–2448. [CrossRef]

78. Gomes, T.; Juurlink, D.N.; Antoniou, T.; Mamdani, M.M.; Paterson, J.M.; van den Brink, W. Gabapentin, opioids, and the risk of
opioid-related death: A population-based nested case-control study. PLoS Med. 2017, 14, e1002396. [CrossRef]

79. Mathiesen, O.; Jacobsen, L.S.; Holm, H.E.; Randall, S.; Adamiec-Malmstroem, L.; Graungaard, B.K.; Holst, P.E.; Hilsted, K.L.;
Dahl, J.B. Pregabalin and dexamethasone for postoperative pain control: A randomized controlled study in hip arthroplasty. BJA
Br. J. Anaesth. 2008, 101, 535–541. [CrossRef]

80. Bockbrader, H.N.; 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, 661–669. [CrossRef]

81. Patzkowski, J.C.; Patzkowski, M.S. A Case Illustrating the Practical Application of the AAOS Clinical Practice Guideline:
Pharmacologic, Physical, and Cognitive Pain Alleviation for Musculoskeletal Extremity/Pelvis Surgery. JAAOS—J. Am. Acad.
Orthop. Surg. 2022, 30, e1161–e1164. [CrossRef]

82. Indelli, P.F.; Grant, S.A.; Nielsen, K.; Vail, T.P. Regional anesthesia in hip surgery. Clin. Orthop. Relat. Res. 2005, 441, 250–255.
[CrossRef]

83. Meng, T.; Zhong, Z.; Meng, L. Impact of spinal anaesthesia vs. general anaesthesia on peri-operative outcome in lumbar spine
surgery: A systematic review and meta-analysis of randomised, controlled trials. Anaesthesia 2017, 72, 391–401. [CrossRef]

84. Pope, D.; El-Othmani, M.M.; Manning, B.T.; Sepula, M.; Markwell, S.J.; Saleh, K.J. Impact of Age, Gender and Anesthesia Modality
on Post-Operative Pain in Total Knee Arthroplasty Patients. Iowa Orthop. J. 2015, 35, 92–98.

85. Macfarlane, A.J.; Prasad, G.A.; Chan, V.W.; Brull, R. Does regional anesthesia improve outcome after total knee arthroplasty? Clin.
Orthop. Relat. Res. 2009, 467, 2379–2402. [CrossRef]

86. Farag, E.; Dilger, J.; Brooks, P.; Tetzlaff, J.E. Epidural analgesia improves early rehabilitation after total knee replacement. J. Clin.
Anesth. 2005, 17, 281–285. [CrossRef] [PubMed]

87. Nishimori, M.; Low, J.H.; Zheng, H.; Ballantyne, J.C. Epidural pain relief versus systemic opioid-based pain relief for abdominal
aortic surgery. Cochrane Database Syst. Rev. 2012, 7, Cd005059. [CrossRef]

88. Owen, A.R.; Amundson, A.W.; Larson, D.R.; Duncan, C.M.; Smith, H.M.; Johnson, R.L.; Taunton, M.J.; Pagnano, M.W.; Berry, D.J.;
Abdel, M.P. Spinal versus general anaesthesia in contemporary primary total knee arthroplasties. Bone Jt. J. 2022, 104, 1209–1214.
[CrossRef] [PubMed]

89. Yap, E.; Wei, J.; Webb, C.; Ng, K.; Behrends, M. Neuraxial and general anesthesia for outpatient total joint arthroplasty result in
similarly low rates of major perioperative complications: A multicentered cohort study. Reg. Anesth. Pain Med. 2022, 47, 294–300.
[CrossRef]

90. Schwenk, E.S.; Gupta, R.K.; Yap, E. Complications after outpatient total joint arthroplasty with neuraxial versus general anesthesia:
An infographic. Reg. Anesth. Pain Med. 2022, 47, 293. [CrossRef]

91. Memtsoudis, S.G.; Cozowicz, C.; Bekeris, J.; Bekere, D.; Liu, J.; Soffin, E.M.; Mariano, E.R.; Johnson, R.L.; Hargett, M.J.; Lee,
B.H.; et al. Anaesthetic care of patients undergoing primary hip and knee arthroplasty: Consensus recommendations from the
International Consensus on Anaesthesia-Related Outcomes after Surgery group (ICAROS) based on a systematic review and
meta-analysis. Br. J. Anaesth. 2019, 123, 269–287. [CrossRef] [PubMed]

92. Büttner, B.; Mansur, A.; Hinz, J.; Erlenwein, J.; Bauer, M.; Bergmann, I. Combination of general anesthesia and peripheral
nerve block with low-dose ropivacaine reduces postoperative pain for several days after outpatient arthroscopy: A randomized
controlled clinical trial. Medicine 2017, 96, e6046. [CrossRef]

93. Jeng, C.L.; Rosenblatt, M.A. Overview of Peripheral Nerve Blocks. Available online: https://www.uptodate.com/contents/
overview-of-peripheral-nerve-blocks#H184102483 (accessed on 1 September 2024).

94. Tyagi, A.; Salhotra, R. Total hip arthroplasty and peripheral nerve blocks: Limited but salient role? J. Anaesthesiol. Clin. Pharmacol.
2018, 34, 379–380. [CrossRef]

95. Hasegawa, M.; Singh, D.; Urits, I.; Pi, M.; Nakasone, C.; Viswanath, O.; Kaye, A.D. Review on Nerve Blocks Utilized for
Perioperative Total Knee Arthroplasty Analgesia. Orthop. Rev. 2022, 14, 37405. [CrossRef]

96. Akkaya, A.; Tekelioglu, U.Y.; Demirhan, A.; Ozturan, K.E.; Bayir, H.; Kocoglu, H.; Bilgi, M. Ultrasound-guided femoral and
sciatic nerve blocks combined with sedoanalgesia versus spinal anesthesia in total knee arthroplasty. Korean J. Anesthesiol. 2014,
67, 90–95. [CrossRef] [PubMed]

97. Pascarella, G.; Costa, F.; Del Buono, R.; Pulitanò, R.; Strumia, A.; Piliego, C.; De Quattro, E.; Cataldo, R.; Agrò, F.E.; Carassiti, M.
Impact of the pericapsular nerve group (PENG) block on postoperative analgesia and functional recovery following total hip
arthroplasty: A randomised, observer-masked, controlled trial. Anaesthesia 2021, 76, 1492–1498. [CrossRef] [PubMed]

https://doi.org/10.5435/JAAOS-D-22-00047
https://www.ncbi.nlm.nih.gov/pubmed/36166386
https://doi.org/10.1007/s12630-014-0310-y
https://www.ncbi.nlm.nih.gov/pubmed/25772701
https://doi.org/10.1097/j.pain.0000000000000309
https://doi.org/10.1371/journal.pmed.1002396
https://doi.org/10.1093/bja/aen215
https://doi.org/10.2165/11536200-000000000-00000
https://doi.org/10.5435/JAAOS-D-22-00048
https://doi.org/10.1097/01.blo.0000192355.71966.8e
https://doi.org/10.1111/anae.13702
https://doi.org/10.1007/s11999-008-0666-9
https://doi.org/10.1016/j.jclinane.2004.08.008
https://www.ncbi.nlm.nih.gov/pubmed/15950853
https://doi.org/10.1002/14651858.CD005059.pub3
https://doi.org/10.1302/0301-620X.104B11.BJJ-2022-0469.R2
https://www.ncbi.nlm.nih.gov/pubmed/36317343
https://doi.org/10.1136/rapm-2021-103189
https://doi.org/10.1136/rapm-2021-103411
https://doi.org/10.1016/j.bja.2019.05.042
https://www.ncbi.nlm.nih.gov/pubmed/31351590
https://doi.org/10.1097/MD.0000000000006046
https://www.uptodate.com/contents/overview-of-peripheral-nerve-blocks#H184102483
https://www.uptodate.com/contents/overview-of-peripheral-nerve-blocks#H184102483
https://doi.org/10.4103/joacp.JOACP_114_18
https://doi.org/10.52965/001c.37405
https://doi.org/10.4097/kjae.2014.67.2.90
https://www.ncbi.nlm.nih.gov/pubmed/25237444
https://doi.org/10.1111/anae.15536
https://www.ncbi.nlm.nih.gov/pubmed/34196965


J. Clin. Med. 2024, 13, 6819 14 of 14

98. Memtsoudis, S.G.; Cozowicz, C.; Bekeris, J.; Bekere, D.; Liu, J.; Soffin, E.M.; Mariano, E.R.; Johnson, R.L.; Go, G.; Hargett, M.J.;
et al. Peripheral nerve block anesthesia/analgesia for patients undergoing primary hip and knee arthroplasty: Recommendations
from the International Consensus on Anesthesia-Related Outcomes after Surgery (ICAROS) group based on a systematic review
and meta-analysis of current literature. Reg. Anesth. Pain Med. 2021, 46, 971–985. [CrossRef] [PubMed]

99. Memtsoudis, S.G.; Poeran, J.; Cozowicz, C.; Zubizarreta, N.; Ozbek, U.; Mazumdar, M. The impact of peripheral nerve blocks on
perioperative outcome in hip and knee arthroplasty-a population-based study. Pain 2016, 157, 2341–2349. [CrossRef]

100. Marques, E.M.; Jones, H.E.; Elvers, K.T.; Pyke, M.; Blom, A.W.; Beswick, A.D. Local anaesthetic infiltration for peri-operative
pain control in total hip and knee replacement: Systematic review and meta-analyses of short- and long-term effectiveness. BMC
Musculoskelet. Disord. 2014, 15, 220. [CrossRef] [PubMed]

101. Li, C.; Qu, J.; Pan, S.; Qu, Y. Local infiltration anesthesia versus epidural analgesia for postoperative pain control in total knee
arthroplasty: A systematic review and meta-analysis. J. Orthop. Surg. Res. 2018, 13, 112. [CrossRef] [PubMed]

102. Tran, J.; Schwarzkopf, R. Local infiltration anesthesia with steroids in total knee arthroplasty: A systematic review of randomized
control trials. J. Orthop. 2015, 12 (Suppl. 1), S44–S50. [CrossRef]

103. Matassi, F.; Duerinckx, J.; Vandenneucker, H.; Bellemans, J. Range of motion after total knee arthroplasty: The effect of a
preoperative home exercise program. Knee Surg. Sports Traumatol. Arthrosc. 2014, 22, 703–709. [CrossRef]

104. McKay, C.; Prapavessis, H.; Doherty, T. The effect of a prehabilitation exercise program on quadriceps strength for patients
undergoing total knee arthroplasty: A randomized controlled pilot study. PMR 2012, 4, 647–656. [CrossRef]

105. Myers, J.N.; Fonda, H. The Impact of Fitness on Surgical Outcomes: The Case for Prehabilitation. Curr. Sports Med. Rep. 2016,
15, 282–289. [CrossRef] [PubMed]

106. Calatayud, J.; Casaña, J.; Ezzatvar, Y.; Jakobsen, M.D.; Sundstrup, E.; Andersen, L.L. High-intensity preoperative training
improves physical and functional recovery in the early post-operative periods after total knee arthroplasty: A randomized
controlled trial. Knee Surg. Sports Traumatol. Arthrosc. 2017, 25, 2864–2872. [CrossRef] [PubMed]

107. Bodrogi, A.; Dervin, G.F.; Beaulé, P.E. Management of patients undergoing same-day discharge primary total hip and knee
arthroplasty. Cmaj 2020, 192, E34–E39. [CrossRef] [PubMed]

108. Tayrose, G.; Newman, D.; Slover, J.; Jaffe, F.; Hunter, T.; Bosco, J., 3rd. Rapid mobilization decreases length-of-stay in joint
replacement patients. Bull. Hosp. Jt. Dis. 2013, 71, 222–226.

109. Frenkel Rutenberg, T.; Izchak, H.; Rosenthal, Y.; Barak, U.; Shemesh, S.; Heller, S. Earlier Initiation of Postoperative Physical
Therapy Decreases Opioid Use after Total Knee Arthroplasty. J. Knee Surg. 2022, 35, 933–939. [CrossRef]

110. Spalevic, M.; Dimitrijevic, L.; Kocic, M.; Stankovic, I.; Zivkovic, V. AB1124 The Importance of the Early Rehabilitation after Total
Knee Replacement in Osteoarthritis and Rheumatoid Arthritis Patients. Ann. Rheum. Dis. 2014, 73, 1173–1174. [CrossRef]

111. Labraca, N.S.; Castro-Sánchez, A.M.; Matarán-Peñarrocha, G.A.; Arroyo-Morales, M.; Sánchez-Joya Mdel, M.; Moreno-Lorenzo,
C. Benefits of starting rehabilitation within 24 hours of primary total knee arthroplasty: Randomized clinical trial. Clin. Rehabil.
2011, 25, 557–566. [CrossRef]

112. Warwick, H.; George, A.; Howell, C.; Green, C.; Seyler, T.M.; Jiranek, W.A. Immediate Physical Therapy following Total Joint
Arthroplasty: Barriers and Impact on Short-Term Outcomes. Adv. Orthop. 2019, 2019, 6051476. [CrossRef]

113. Thacoor, A.; Sandiford, N.A. Cryotherapy following total knee arthroplasty: What is the evidence? J. Orthop. Surg. 2019,
27, 2309499019832752. [CrossRef]

114. Krampe, P.T.; Bendo, A.J.P.; Barros, M.I.G.; Bertolini, G.R.F.; Buzanello Azevedo, M.R. Cryotherapy in Knee Arthroplasty:
Systematic Review and Meta-Analysis. Ther. Hypothermia Temp. Manag. 2022, 13, 45–54. [CrossRef]

115. Adie, S.; Kwan, A.; Naylor, J.M.; Harris, I.A.; Mittal, R. Cryotherapy following total knee replacement. Cochrane Database Syst. Rev.
2012, 9, CD007911. [CrossRef] [PubMed]

116. Ilfeld, B.M.; Gilmore, C.A.; Grant, S.A.; Bolognesi, M.P.; Del Gaizo, D.J.; Wongsarnpigoon, A.; Boggs, J.W. Ultrasound-guided
percutaneous peripheral nerve stimulation for analgesia following total knee arthroplasty: A prospective feasibility study.
J. Orthop. Surg. Res. 2017, 12, 4. [CrossRef] [PubMed]

117. Deer, T.R.; Mekhail, N.; Provenzano, D.; Pope, J.; Krames, E.; Leong, M.; Levy, R.M.; Abejon, D.; Buchser, E.; Burton, A.; et al.
The appropriate use of neurostimulation of the spinal cord and peripheral nervous system for the treatment of chronic pain
and ischemic diseases: The Neuromodulation Appropriateness Consensus Committee. Neuromodulation 2014, 17, 515–550;
discussion 550. [CrossRef] [PubMed]

118. Ilfeld, B.M.; Said, E.T.; Finneran, J.J.t.; Sztain, J.F.; Abramson, W.B.; Gabriel, R.A.; Khatibi, B.; Swisher, M.W.; Jaeger, P.; Covey, D.C.;
et al. Ultrasound-Guided Percutaneous Peripheral Nerve Stimulation: Neuromodulation of the Femoral Nerve for Postoperative
Analgesia Following Ambulatory Anterior Cruciate Ligament Reconstruction: A Proof of Concept Study. Neuromodulation 2019,
22, 621–629. [CrossRef]

119. García-Collado, A.; Valera-Calero, J.A.; Fernández-de-Las-Peñas, C.; Arias-Buría, J.L. Effects of Ultrasound-Guided Nerve
Stimulation Targeting Peripheral Nerve Tissue on Pain and Function: A Scoping Review. J. Clin. Med. 2022, 11, 3753. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/rapm-2021-102750
https://www.ncbi.nlm.nih.gov/pubmed/34433647
https://doi.org/10.1097/j.pain.0000000000000654
https://doi.org/10.1186/1471-2474-15-220
https://www.ncbi.nlm.nih.gov/pubmed/24996539
https://doi.org/10.1186/s13018-018-0770-9
https://www.ncbi.nlm.nih.gov/pubmed/29769140
https://doi.org/10.1016/j.jor.2015.01.017
https://doi.org/10.1007/s00167-012-2349-z
https://doi.org/10.1016/j.pmrj.2012.04.012
https://doi.org/10.1249/JSR.0000000000000274
https://www.ncbi.nlm.nih.gov/pubmed/27399826
https://doi.org/10.1007/s00167-016-3985-5
https://www.ncbi.nlm.nih.gov/pubmed/26768606
https://doi.org/10.1503/cmaj.190182
https://www.ncbi.nlm.nih.gov/pubmed/31932338
https://doi.org/10.1055/s-0040-1721034
https://doi.org/10.1136/annrheumdis-2014-eular.4638
https://doi.org/10.1177/0269215510393759
https://doi.org/10.1155/2019/6051476
https://doi.org/10.1177/2309499019832752
https://doi.org/10.1089/ther.2022.0043
https://doi.org/10.1002/14651858.CD007911.pub2
https://www.ncbi.nlm.nih.gov/pubmed/22972114
https://doi.org/10.1186/s13018-016-0506-7
https://www.ncbi.nlm.nih.gov/pubmed/28086940
https://doi.org/10.1111/ner.12208
https://www.ncbi.nlm.nih.gov/pubmed/25112889
https://doi.org/10.1111/ner.12851
https://doi.org/10.3390/jcm11133753
https://www.ncbi.nlm.nih.gov/pubmed/35807034

	Introduction 
	Postoperative Pain: Surgical Causes and Mechanisms of Perception 
	Inflammatory Pain Response and Signaling Pathway 
	Hypersensitization and Neural Plasticity 
	Neuropathic Pain 

	Systemic Pharmaceutical Options for Pain Control and Recovery 
	Opioids 
	NSAIDs, Selective Cyclooxygenase Inhibitors, and Acetaminophen 
	NMDA Receptor Antagonists 
	Intraarticular and Systemic Corticosteroids 
	Gabapentin and Pregabalin 

	Anesthetic Techniques and Postoperative Pain 
	Neuraxial Anesthesia: Epidural and Spinal 
	Peripheral Nerve Blockade 
	Local Infiltration Periarticular Injection 

	Non-Pharmacologic and Novel Strategies for Surgical Pain Management 
	Perioperative Physical Therapy and Exercise 
	Cryotherapy 
	Percutaneous Peripheral Nerve Stimulation 

	Evidence-Based Opioid Sparing Protocol Example 
	Conclusions 
	References

