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Orthopedic surgical procedures are consistently associated with significant postoperative 
pain due to extensive tissue manipulation, osseous injury, and inflammatory responses. 
Effective perioperative analgesia is therefore fundamental to successful orthopedic 
outcomes, influencing early mobilization, complication rates, length of hospital stay, and 
patient satisfaction. Although opioid-sparing and enhanced recovery after surgery 
(ERAS) pathways have gained popularity, opioids remain central to analgesic 
management in orthopedic operating rooms. This narrative review examines the opioids 
most commonly used in orthopedic perioperative care, including fentanyl, morphine, 
remifentanil, hydromorphone, oxycodone, sufentanil, and methadone. Emphasis is 
placed on pharmacologic properties, clinical indications, dosing considerations, adverse 
effects, and comparative evidence in orthopedic populations. In addition, the evolving 
role of opioids within multimodal analgesia frameworks is discussed, with attention to 
balancing effective pain control against opioid-related risks. 

INTRODUCTION 

Pain following orthopedic surgery is often severe and mul
tifactorial, arising from bone trauma, periosteal disruption, 
soft tissue injury, and postoperative inflammation. Inade
quate pain control has been associated with delayed am
bulation, increased cardiopulmonary complications, pro
longed hospitalization, impaired participation in physical 
therapy, and the development of chronic postsurgical pain 
syndromes.1 Consequently, optimizing perioperative anal
gesia remains a primary goal in orthopedic care. 
Opioids have long served an important role in perioper

ative pain management because of their potent analgesic 
effects mediated primarily through mu-opioid receptor ac
tivation in the central nervous system.2 However, their 
widespread use has been accompanied by well-recognized 
adverse effects, including respiratory depression, postoper
ative nausea and vomiting (PONV), ileus, urinary retention, 
sedation, and pruritus.3 Moreover, increasing awareness of 
opioid misuse and dependence has prompted heightened 
scrutiny of perioperative opioid exposure, particularly in 
opioid-naïve patients.4 
Despite these concerns, opioids remain indispensable in 

many orthopedic settings, particularly for procedures asso
ciated with high pain intensity such as total joint arthro
plasty, spine surgery, and fracture fixation. Appropriate 
opioid selection and dosing, informed by pharmacologic 
principles and patient-specific factors, can optimize anal
gesia while minimizing harm. This narrative review dis

cusses commonly used opioids in orthopedic operating 
rooms and their integration into contemporary multimodal 
analgesia strategies. 

METHODS 

A narrative literature review was performed using PubMed 
and MEDLINE databases. Search terms included combina
tions of “opioids,” “orthopedic surgery,” “perioperative 
analgesia,” “fentanyl,” “morphine,” “remifentanil,” “hydro
morphone,” “oxycodone,” “sufentanil,” and “methadone.” 
English-language clinical trials, observational studies, re
view articles, and professional society guidelines relevant 
to orthopedic perioperative care were included. Emphasis 
was placed on studies evaluating clinical efficacy, safety, 
and outcomes in orthopedic surgical populations. Refer
ences are cited in the order in which they appear in the text. 

OPIOID PHARMACOLOGY IN THE ORTHOPEDIC 
OPERATING ROOM 

Opioids differ substantially in pharmacokinetic and phar
macodynamic characteristics, which directly influence their 
suitability for intraoperative versus postoperative use. Vari
ables such as lipid solubility, receptor affinity, hepatic me
tabolism, active metabolites, and context-sensitive half-
time determine onset of analgesia, duration of effect, and 
adverse event profiles.5 In orthopedic surgery, these differ
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ences are clinically relevant given the need for both rapid-
onset intraoperative analgesia and sustained postoperative 
pain control. 
Highly lipophilic opioids such as fentanyl, remifentanil 

and sufentanil rapidly cross the blood-brain barrier and 
are favored intraoperatively for their fast onset and pre
dictable hemodynamic effects. In contrast, longer-acting 
opioids such as morphine and methadone provide extended 
analgesia and are more commonly used in the postoper
ative period. Semi-synthetic opioids including hydromor
phone and oxycodone occupy an intermediate role and are 
frequently incorporated into postoperative pain pathways.6 

FENTANYL 

Fentanyl is a synthetic phenylpiperidine opioid approxi
mately 100 times more potent than morphine. Its high lipid 
solubility allows for rapid central nervous system penetra
tion, resulting in analgesic onset within minutes following 
intravenous administration.7 These properties make fen
tanyl a mainstay of intraoperative analgesia in orthopedic 
anesthesia. 
In orthopedic operating rooms, fentanyl is commonly 

administered during induction of anesthesia and in re
sponse to acute nociceptive stimuli such as incision, ream
ing, or tourniquet inflation. Compared with morphine, fen
tanyl produces minimal histamine release and is associated 
with greater cardiovascular stability, which is particularly 
advantageous in elderly patients undergoing joint arthro
plasty.8 However, its short duration of action necessitates 
repeated dosing or continuous infusion, and accumulation 
may occur with prolonged administration, increasing the 
context-sensitive half-time. 
In clinical practice, fentanyl is used almost exclusively 

via the intravenous route for acute perioperative analgesia. 
Although a transdermal formulation exists, it is intended 
for the management of chronic, stable pain in opioid-tol
erant patients and is not appropriate for acute postopera
tive pain or intraoperative use due to its delayed onset, pro
longed duration, and inability to rapidly titrate analgesic 
effect. As such, intravenous fentanyl remains the preferred 
formulation in orthopedic anesthesia, offering rapid, pre
dictable analgesia that can be precisely titrated to proce
dural stimuli while maintaining hemodynamic stability. 

MORPHINE 

Morphine remains one of the most widely used opioids in 
perioperative medicine and serves as the reference stan
dard for opioid comparison. It has a slower onset but longer 
duration of action than fentanyl, making it well suited for 
postoperative analgesia.9 Morphine undergoes hepatic me
tabolism to active metabolites, including morphine-6-glu
curonide, which contributes to prolonged analgesia but 
may accumulate in patients with renal impairment. 
In orthopedic practice, morphine is frequently admin

istered intravenously in the post-anesthesia care unit or 
via patient-controlled analgesia (PCA). It is also used neu
raxially, particularly as intrathecal morphine during spinal 

anesthesia for joint replacement, where it provides ex
tended postoperative pain relief.10 Despite its efficacy, 
morphine is associated with higher rates of PONV and pru
ritus compared with more lipophilic opioids. 
Although oral formulations of morphine are available 

in both immediate-release and extended-release prepara
tions, these are not routinely used in the acute perioper
ative or immediate postoperative setting. The intravenous 
route remains the preferred method for perioperative ad
ministration due to its predictable pharmacokinetics, 
titratability, and reliability in managing acute postopera
tive pain following orthopedic surgery. 

REMIFENTANIL 

Remifentanil is an ultra-short-acting synthetic opioid with 
potency comparable to fentanyl and approximately 100 
times that of morphine.2,6 It is uniquely metabolized by 
nonspecific plasma and tissue esterases, producing rapid 
hydrolysis independent of hepatic or renal function.5,6 This 
results in a fixed context-sensitive half-time of 3 to 6 min
utes regardless of infusion duration, even after prolonged 
infusions.6 Its primary carboxylic acid metabolite is essen
tially inactive, and metabolism does not involve plasma 
cholinesterase, making remifentanil safe in pseudo
cholinesterase deficiency.5,6 
A low pKa allows rapid blood-brain barrier penetration 

and fast plasma-effect site equilibration, with pharmaco
kinetics minimally affected by age or organ dysfunction.5,
6 These properties enable precise titration and rapid, pre
dictable emergence for cases prioritizing early neurologic 
assessment and mobilization.10 Remifentanil-based TIVA 
provides stable hemodynamics and reduces volatile anes
thetic requirements.6,10 
However, because remifentanil’s analgesic effects dissi

pate abruptly upon discontinuation, a transition to longer-
acting analgesics must be established before the infusion 
is stopped. Failure to do so may result in severe rebound 
pain and increased postoperative opioid requirements.1 In 
addition, remifentanil has been associated with opioid-in
duced hyperalgesia (OIH), a phenomenon characterized by 
heightened pain sensitivity following opioid exposure. Im
portantly, clinicians should avoid misattributing postoper
ative pain solely to OIH, as inadequate intraoperative dos
ing, insufficient multimodal analgesia, or abrupt cessation 
without appropriate analgesic bridging can produce a simi
lar clinical picture. Careful analgesic planning, multimodal 
strategies, and appropriate opioid transition are essential 
to distinguish true OIH from undertreated pain and to op
timize postoperative outcomes. 

HYDROMORPHONE 

Hydromorphone is a semi-synthetic opioid derived from 
morphine and is approximately four to seven times more 
potent on a milligram basis. It has a relatively rapid onset 
and intermediate duration of action, characteristics that 
have contributed to its widespread use for postoperative 
pain management in orthopedic patients.11 Hydromor
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phone produces less histamine release than morphine, 
which may result in improved tolerability. 
In orthopedic practice, hydromorphone is commonly ad

ministered intravenously intraoperatively and in the im
mediate postoperative period to provide effective analgesia 
following major surgical procedures. It is frequently incor
porated into patient-controlled analgesia (PCA) regimens 
after operations such as total knee arthroplasty and spine 
surgery. Comparative studies have demonstrated analgesic 
efficacy similar to morphine, with some evidence of re
duced pruritus and nausea.12 Due to its higher potency, 
careful dosing and monitoring are essential for minimizing 
respiratory depression. 
Although an oral formulation of hydromorphone is 

available, it is less commonly used in routine postoperative 
pain management compared with other short-acting oral 
opioids such as hydrocodone. As a result, hydromorphone 
is most frequently utilized in the perioperative setting via 
the intravenous route, where its predictable onset, potency, 
and titratability make it a valuable option for managing 
moderate to severe acute postoperative pain. 

OXYCODONE 

Oxycodone is a semi-synthetic opioid frequently used in 
oral formulations for postoperative pain control. Its rela
tively high oral bioavailability makes it particularly useful 
for transitioning patients from intravenous to oral analge
sia following orthopedic surgery.13 Oxycodone provides ef
fective analgesia for moderate to severe pain and is com
monly included in standardized postoperative pathways. 
Clinical comparisons between oral oxycodone and oral 

morphine in orthopedic populations have demonstrated 
similar pain control, with some studies reporting higher pa
tient satisfaction with oxycodone, potentially due to more 
predictable absorption and fewer gastrointestinal adverse 
effects.14 Nevertheless, oxycodone shares class-specific 
opioid risks and requires judicious prescribing. 

SUFENTANIL 

Sufentanil is a highly potent synthetic opioid, estimated to 
be five to ten times more potent than fentanyl. Its rapid on
set and short context-sensitive half-time make it suitable 
for prolonged and complex orthopedic procedures requiring 
consistent intraoperative analgesia.15 Sufentanil is most 
commonly administered as a continuous infusion under 
close anesthetic supervision. 
In major orthopedic surgeries, including revision arthro

plasty and complex spine procedures, sufentanil-based reg
imens have been associated with reduced intraoperative 
opioid requirements and stable hemodynamics when com
pared with fentanyl-based techniques.16 The drug’s po
tency necessitates careful titration and vigilant monitoring. 
In clinical practice, sufentanil is used almost exclusively 

via the intravenous route for intraoperative analgesia and 
is not routinely employed for postoperative pain manage
ment. Its role is primarily limited to the operating room, 
where its rapid onset, potency, and infusion-based admin

istration allow for precise titration during periods of in
tense surgical stimulation. 

METHADONE 

Methadone is a long-acting synthetic opioid with unique 
pharmacologic properties, including N-methyl-D-aspartate 
(NMDA) receptor antagonism and inhibition of serotonin 
and norepinephrine reuptake. These additional mecha
nisms may confer advantages in managing severe and opi
oid-tolerant pain states.17 Methadone’s long and variable 
half-life allows for prolonged analgesia but also introduces 
the risk of delayed respiratory depression. 
In orthopedic anesthesia, interest in methadone has in

creased due to evidence that a single intraoperative dose 
administered at induction can provide extended postop
erative analgesia. Studies in spine and joint replacement 
surgery have demonstrated reduced postoperative opioid 
consumption and improved pain scores compared with 
short-acting opioid regimens.18 QT interval prolongation 
remains a concern, underscoring the importance of appro
priate patient selection and monitoring. 
Although methadone is available in oral formulations, 

these are primarily used in the outpatient setting for 
chronic pain management or opioid use disorder and are 
not routinely recommended for acute perioperative anal
gesia.17 Initiation of oral methadone requires specialized 
knowledge of its complex pharmacokinetics, drug–drug in
teractions, and cardiac risks, and patients should not be 
started on methadone unless managed by a pain manage
ment specialist or clinician with expertise in methadone 
dosing and monitoring. 

INTRAOPERATIVE VERSUS POSTOPERATIVE 
OPIOID USE 

Opioid selection in orthopedic surgery varies according to 
the perioperative phase. Intraoperatively, rapid onset, ease 
of titration, and hemodynamic stability are prioritized, fa
voring agents such as fentanyl and sufentanil. Postoper
atively, longer-acting opioids including morphine, hydro
morphone, oxycodone, and methadone are used to provide 
sustained analgesia and facilitate participation in rehabili
tation.19 

ADVERSE EFFECTS OF OPIOIDS IN ORTHOPEDIC 
PATIENTS 

Opioid-related adverse effects remain a major limitation 
in orthopedic populations. Respiratory depression is the 
most serious complication and requires vigilant monitor
ing, particularly in elderly patients and those with obstruc
tive sleep apnea.20 PONV, pruritus, ileus, urinary retention, 
and sedation are also common and may delay recovery and 
discharge. 
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Table 1. Pharmacologic Characteristics of Commonly Used Opioids       

Opioid Relative Potency Onset Duration Typical Role 

Fentanyl ~100× morphine Rapid Short Intraoperative 

Morphine 1× Moderate Long Postoperative 

Remifentanil ~100× morphine Rapid Ultra-Short Intraoperative 

Hydromorphone 4–7× Moderate Intermediate Postoperative 

Oxycodone 1–1.5× (oral) Moderate Intermediate Postoperative oral 

Sufentanil ~500× Rapid Short Intraoperative 

Methadone Variable Moderate Very long Extended analgesia 

Table 2. Common Opioid-Related Adverse Effects and      
Mitigation Strategies   

Adverse Effect Clinical Impact Management 

Respiratory 
depression 

Life-
threatening 

Naloxone, 
monitoring 

PONV Delayed 
recovery 

Antiemetics 

Pruritus Patient 
discomfort 

Antihistamines 

Ileus Delayed feeding Early mobilization 

Sedation Fall risk Dose adjustment 

Table 3. Common Components of Multimodal     
Analgesia in Orthopedic Surgery     

Adjunct Mechanism Clinical Benefit 

Acetaminophen Central COX 
inhibition 

Reduced opioid 
use 

NSAIDs Anti-inflammatory Improved pain 
scores 

Gabapentinoids Neuromodulation Reduced 
hyperalgesia 

Regional 
anesthesia 

Nerve blockade Targeted analgesia 

Ketamine NMDA antagonism Opioid sparing 

MULTIMODAL ANALGESIA AND OPIOID-
SPARING STRATEGIES 

Contemporary orthopedic anesthesia increasingly empha
sizes multimodal analgesia, combining opioids with non-
opioid medications and regional techniques to enhance 
analgesia while reducing opioid exposure.21 This approach 
has been shown to improve pain control, reduce opioid-re
lated adverse effects, and facilitate early mobilization. See 
Table 3 for list of commonly used multimodal analgesic 
agents, their mechanisms, and the clinical benefits. 

DISCUSSION 

Effective perioperative pain management in orthopedic 
surgery requires a careful balance between achieving ade
quate analgesia and minimizing opioid-related adverse ef

Table 4. Factors Influencing Opioid Selection in      
Orthopedic Surgery   

Factor Clinical Relevance 

Patient age Altered pharmacokinetics 

Renal function Metabolite accumulation 

Opioid tolerance Higher dosing needs 

Procedure duration Choice of short vs long acting 

Comorbidities Risk of adverse effects 

fects. While opioids remain indispensable for managing 
moderate to severe postoperative pain, increasing aware
ness of their risks has shifted clinical practice toward more 
judicious and individualized use. Contemporary orthopedic 
anesthesia therefore emphasizes thoughtful opioid selec
tion, dose minimization, and integration with multimodal 
analgesic strategies. 
One important consideration is the variety and com

plexity of orthopedic patient populations. Elderly patients 
undergoing joint arthroplasty often exhibit altered phar
macokinetics, increased sensitivity to opioids, and higher 
prevalence of comorbidities such as obstructive sleep apnea 
and renal dysfunction. These factors increase susceptibility 
to respiratory depression and delirium, underscoring the 
importance of selecting agents with predictable profiles 
and careful titration.22 Conversely, younger trauma pa
tients and those with pre-existing opioid exposure may re
quire higher doses or longer-acting agents to achieve ad
equate analgesia, highlighting the need for individualized 
regimens rather than standardized dosing. See Table 4 for 
various factors influencing the choice of opioids in the or
thopedic operating rooms as well as their clinical relevance. 
Procedure-specific pain trajectories further influence 

opioid utilization. Total knee arthroplasty and spine 
surgery are consistently associated with high postoperative 
pain intensity and prolonged analgesic requirements, 
whereas minimally invasive orthopedic procedures may re
quire only short-term opioid therapy. Evidence suggests 
that aligning opioid choice with anticipated pain duration 
improves patient comfort while reducing unnecessary ex
posure.23 For example, the intraoperative use of 
methadone in spine surgery has demonstrated sustained 
postoperative analgesia and reduced opioid consumption, 
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suggesting that longer-acting opioids may be advantageous 
in select high-pain procedures when used appropriately.18 
Another evolving aspect of orthopedic opioid use is the 

recognition of opioid-induced hyperalgesia, particularly 
with high-dose or prolonged administration of short-acting 
opioids such as fentanyl and remifentanil. This phenom
enon may contribute to increased postoperative pain and 
opioid requirements, complicating recovery.24 Agents with 
NMDA receptor antagonism, such as methadone and ket
amine, may mitigate this effect and represent an area of 
growing interest in orthopedic anesthesia practice. 
The role of multimodal analgesia cannot be overstated. 

Numerous studies have demonstrated that combining opi
oids with non-opioid analgesics and regional anesthesia 
techniques reduces total opioid consumption, improves 
pain scores, and facilitates earlier mobilization.1,21 Periph
eral nerve blocks, periarticular injections, and neuraxial 
techniques are particularly effective in orthopedic surgery 
and may substantially reduce reliance on systemic opi
oids.25 Importantly, multimodal strategies also align with 
broader public health efforts aimed at reducing postoper
ative opioid prescribing and subsequent risk of long-term 
use.26 

Despite these advances, variability in opioid prescribing 
practices remains substantial across institutions and 
providers. This variability reflects differences in training, 
institutional culture, and patient expectations. Standard
ized, evidence-based pathways tailored to specific ortho
pedic procedures have been shown to reduce opioid use 
without compromising pain control and may serve as an 
effective strategy for improving consistency and safety.27 
Continued education of clinicians and patients regarding 
realistic postoperative pain expectations and safe opioid 
use is equally essential. 

Future research should focus on identifying optimal opi
oid selection and dosing strategies for specific orthopedic 
procedures, evaluating long-term outcomes associated with 
perioperative opioid exposure, and refining multimodal 
protocols. 

CONCLUSIONS 

Opioids continue to play a central role in perioperative pain 
management within orthopedic operating rooms, reflect
ing the substantial pain burden associated with many or
thopedic procedures. A detailed understanding of the phar
macologic properties, clinical applications, and limitations 
of commonly used opioids including fentanyl, morphine, 
remifentanil, hydromorphone, oxycodone, sufentanil, and 
methadone is essential for optimizing analgesic care. 
Modern orthopedic anesthesia increasingly favors indi

vidualized opioid use integrated within multimodal analge
sia frameworks. Such approaches allow clinicians to achieve 
effective pain control while minimizing opioid-related ad
verse effects and reducing overall opioid exposure. 
Ultimately, improving perioperative pain management 

in orthopedic surgery requires a balanced, evidence-based 
approach that incorporates opioid stewardship principles, 
procedure-specific strategies, and patient-centered care. 
Ongoing research, standardized clinical pathways, and in
terdisciplinary collaboration will be essential to further re
fine opioid use and enhance recovery for orthopedic pa
tients. 
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