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Abstract: Enhanced Recovery After Surgery (ERAS) protocols have transformed perioperative care in orthopaedic surgery, 
emphasising streamlined patient pathways for improved outcomes and treatment of chronic pain. Traditionally, opiates have been 
pivotal in managing postoperative (PO) pain and their efficacy in providing essential relief during the recovery phase is well- 
established. However, the evolving landscape of perioperative care, coupled with the opioid crisis and their association with chronic 
pain, has prompted a re-evaluation of their role. Orthopaedic ERAS protocols emphasise a multimodal approach to pain management, 
advocating for a reduction in opioid reliance. Alternative analgesic strategies, such as regional nerve blocks and non-opioid 
medications, are integrated into these protocols. Studies comparing opiates and opioid-free analgesia in orthopaedic ERAS are limited, 
making it challenging to establish a standardised approach. Some evidence suggests that opioid-free strategies, in some operating 
settings, may lead to improved recovery outcomes, reduced PO pain, and lower opioid consumption. However, in orthopaedics, 
evidence is inconclusive, necessitating further exploration. This review provides an overview of the development and multifaceted 
nature of ERAS protocols, which encompass a holistic approach to perioperative pain management and sustained pain relief, all while 
aiming to reduce the risks associated with opioid use. Striking the optimal balance between pain control and patient safety remains 
a priority, with the need for continued exploration and refinement of clinical guidelines in orthopaedics. 
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Introduction
The enhanced recovery or “fast-track” surgical protocol was pioneered by the Danish surgeon Henrik Kehlet in 1997,1 

for treating patients following colonic surgery.1,2 However, its scope has widened over time to encompass other surgical 
specialties, with the core objective of expediting postoperative (PO) recovery, reducing hospital stays, improving patient 
experiences, and superior clinical outcomes.3–12

In their earlier iterations, enhanced recovery protocols emphasized the pivotal role of nutrition management. This 
emphasis extended to preoperative preparation and PO period, recognising both phases as integral components of the 
program.4 Given the comprehensive expertise involved in the process of recovery, the optimization of multiple modalities 
and fostering relational coordination is crucial. The ERAS Society guidelines, through the collaboration of expert 
working groups, provide recommendations covering the entire spectrum from surgery planning to recovery.3–12 Seven 
ERAS Society guidelines exist for several procedures and classes of surgery (eg, colorectal, cystectomy for bladder 
cancer, pancreaticoduodenectomy, pelvic, gastrectomy, gynaecologic and bariatric surgery),3–12 with more guidelines 
currently under development. The ERAS Society guidelines provide an evidence-based, multimodal approach to surgical 
care, with the primary goals of minimizing physical derangement and the stress response following surgery, thereby 
reducing complication rates and shortening hospital stays (Table 1).13 Notably, in the field of orthopaedic surgery, 
enhanced recovery programs have been rapidly instituted and developed, particularly in elective hip and knee arthro
plasty as well as elective spine surgery,14 to prevent the onset of persistent postsurgical pain.
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Clinicians play a pivotal role in spearheading the development of ERAS protocols by collaborating with all other 
healthcare professionals engaged in the process. The success of ERAS protocols is thus contingent upon effective 
channels of communication and understanding within these partnerships.

Moreover, effective pain management is a cornerstone of these plans, and traditionally, opioids have been a primary 
component in addressing PO pain in orthopaedic patients. However, poorly managed pain protocols have prompted their 
excessive use with the induction of pathophysiologic changes such as tolerance, physical dependence, addiction, and the 
harmful effects of opioid-induced hyperalgesia (OIH) (ie, respiratory depression, nausea, emesis, itching, gastrointestinal 
dysfunction, and chronic pain), which have been associated with a considerable burden on patients’ quality of life.15–21 

These adverse events also have an economic impact, as they are associated with increased hospital costs and longer 
lengths of stay.22 The acknowledgment that pain is a dynamic experience with diverse underlying causes and manifesta
tions paves the way for simultaneous interventions that act through different pathways. The optimal role of opioids in 
perioperative pain management remains a subject of ongoing debate. To improve PO pain control, a multimodal analgesic 
approach is crucial, incorporating strategies such as regional anesthesia, nonsteroidal anti-inflammatory drugs (NSAIDs), 
and acetaminophen alongside opioids. This approach also aligns with the broader goals of ERAS protocols, focusing on 
minimising stress responses, optimising organ function, and expediting the return to normal activities.13 

A comprehensive perioperative plan also encompasses strategies to reduce inflammation, accelerate wound healing 
and promote early mobilisation, as physical therapy and rehabilitation programmes, in conjunction with chronic pain 
management strategies, tailored to the specific needs of orthopaedic patients, are integral components. The benefits of this 
approach for orthopaedic patients include a decline in PO morbidity, rehabilitation time, and hospitalisation costs.23,24

Indicators and Strategies for Chronic Pain Prevention and Control
Acute pain has been frequently reported across a wide range of surgical procedures, even with the use of analgesic 
medications.25–31 PO pain is usually evaluated through questionnaires and surveys. A prospective German cohort study 
involving 50,523 patients across 179 surgical groups found that pain scores on the first PO day were highest following 
obstetric and orthopaedic/trauma surgeries. However, elevated pain levels were also noted after routine minor procedures, 
including appendectomy, cholecystectomy, hemorrhoidectomy, tonsillectomy, and certain laparoscopic 

Table 1 The Four Key Elements That Characterise an ERAS Programme According to the NHS Institute for Innovation and 
Improvement (2008).13

Steps Rationale

Optimised preoperative 

care

This step involves family and caregivers, including the patient’s general practitioner, in all preoperative education and 

planning processes. The optimal preoperative care is achieved with thorough preoperative assessment, including 

consultation with an anaesthetist, to optimise general health and comorbidities; education and counselling, to manage 
patient expectations; and identification and coordination of essential resources and discharge requirements.

Reduced physical stress of 
surgery

To reduce the physical stress of surgery several strategies can be employed. These include minimally invasive surgical 
techniques involving smaller incisions or a laparoscopic approach, when possible, coupled with reduced surgical 

times; optimized anaesthetic approaches such as short-acting spinal anaesthesia, complemented by light general 

anaesthesia or regional blocks; and the maintenance of normovolemia and normothermia.

Enhanced postoperative 
comfort

To enhance postoperative comfort, the infiltration of local anaesthetic around joints can be used to reduce 
postoperative pain, facilitating earlier mobilization. Additionally, ensuring regular and effective analgesia and 

implementing prophylactic measures for nausea and vomiting are also crucial for patients’ overall postoperative 

experience.

Optimised postoperative 

care

Patients, and particularly their families, are used as useful resources in planning and managing their own recovery and 

care. There is an emphasis on re-introducing normal feeding and hydration, with the overall aim of getting 
postoperative patients to mobilise more quickly and encouraging them to return to “normality” as soon as possible 

(eg, free of any catheters, lines and wearing their own clothes rather than hospital gowns). In general, it is necessary 

to plan clear discharge and post-discharge arrangements.
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surgeries.31 Apfelbaum et al, instead, conducted a national study in the United States by using telephone surveys 
conducted on a random sample of 250 adults who had previously undergone surgical procedures (either as an inpatient 
or as an outpatient);28 patients were asked about the severity of PO pain, analgesic medications, patient education and 
their satisfaction with the treatment. From the survey, it has emerged that morphine and meperidine were the most 
administered medications for inpatients (33% and 27% respectively), while acetaminophen with codeine or ibuprofen 
were the most administered for outpatients (23% and 15% respectively). Around 80% of patients reported experiencing 
acute pain following surgery.28 Of these, 86% described their pain as moderate, severe, or extreme, with a higher number 
of patients experiencing pain after discharge than before. PO pain emerged as the most frequent concern, with 59% of 
survey participants identifying it as their primary issue.28 The most frequently prescribed medications after surgery were 
acetaminophen with or without codeine (17%) for inpatients and acetaminophen with codeine (21%) or oxycodone with 
acetaminophen (20%) for outpatients. Of the patients who received pain medications, 23% experienced adverse effects 
(eg, drowsiness, nausea, and constipation); however, nearly 90% of them were satisfied with their analgesic 
medications.28 A more recent US national survey by Gan et al evaluated similar aspects on a random sample of 300 
adults who had undergone surgery within the past five years.25 The findings revealed that approximately 86% of patients 
reported experiencing pain following surgery. Of these, 75% endured moderate to extreme pain during the immediate PO 
phase, and 74% continued to experience similar pain levels after being discharged.25 PO pain emerged as the most 
significant pre-surgical concern, with nearly half of the patients indicating high or very high levels of anxiety about pain 
before surgery. Additionally, approximately 88% of patients were prescribed analgesic medications for pain management. 
Opioids (hydrocodone, oxycodone, and morphine) were the most prescribed analgesics for managing PO pain. Of the 
patients receiving analgesic medications, 80% experienced adverse effects—such as drowsiness, nausea, and constipation 
—and 39% reported experiencing moderate-to-severe pain even after receiving their initial dose.25 Nonetheless, these 
studies had limitations, including a relatively small sample size, potential recall bias due to the time elapsed between the 
date of surgery and the date of the survey, and the inability to consider how the type of surgery and the use of 
intraoperative anaesthetics or analgesics might have affected the survey outcomes.

A relevant factor affecting the frequency and intensity of pain is the time elapsed after surgery. A Dutch study 
involving 1,490 surgical inpatients from various departments who were receiving PO pain management under an acute 
pain protocol, found that 41% of patients experienced moderate to severe pain on the day of surgery. This percentage 
gradually decreased to 30%, 19%, 16%, and 14% on PO days 1, 2, 3, and 4, respectively.29 In a study conducted by Chan 
et al, a questionnaire was administered to 174 patients who underwent total knee arthroplasty across 10 hospitals in 
Australia, two weeks post-discharge. The results revealed that 54% of these patients experienced severe pain at least 
occasionally during the first two weeks after returning home, while 23% experienced “severe/extreme” pain.30 Close to 
70% of patients consumed opioids alone or in combination with non-opioid analgesics. However, 73% of patients 
reported receiving sufficient information about analgesics, while only 47% were informed about non-pharmacological 
pain relief methods. Furthermore, around 20% had negative perceptions about analgesic use, associated with the severity 
of the analgesic-related side effects like constipation and drowsiness.30 Increased pain intensity resulted in reduced 
patient satisfaction and a decrease in the amount of time spent walking daily. Many participants sought additional 
medical assistance to address their pain. In a systematic literature review that pooled data from 165 studies on acute pain 
following major surgeries (abdominal, thoracic, orthopaedic, and gynaecological), it was found that within the first 
24 hours post-surgery, the mean incidence of moderate-to-severe pain was 30%, while severe pain occurred in 11% of 
cases.32 The frequency of these pain levels differed based on the analgesic technique used, with lower incidence reported 
for patient-controlled and epidural analgesia compared to intramuscular analgesia.32 Beyond the type of surgery and 
analgesic/anaesthetic approach, other factors predicting acute PO pain severity included younger age, female gender, 
preoperative pain, anxiety or mood disorders, and the size of the incision.33–40 In orthopaedics, worse pain at the surgical 
site on the day of surgery has been identified as a significant predictor of persistent opioid use over six months in patients 
undergoing total knee or hip arthroplasty.41 Additionally, data from a large national registry analysed by Franklin et al 
revealed that greater pain at the operated joint, reported one year after total knee arthroplasty, was associated with 
continued opioid use 12 months after the surgery.42
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Despite an increased focus and the establishment of new standards for perioperative pain management, numerous 
patients still endure significant pain following surgical procedures. PO pain is frequently underestimated and under
treated, with short- and long-term sequelae.43,44 A survey from 2006 on PO pain therapy in 34 Italian hospitals gave 
a quite disturbing picture, confirming not only the low use of opioids, but also the wide use of NSAIDs drugs without 
gastroprotective agents, and the absence of a real multimodal therapy.45 It is noteworthy that 20% of patients did not 
receive any pain medication during the entire PO period and patient-controlled analgesia and regional anaesthesia were 
used less frequently than in another national study (the RICALOR study).46 Thus, additional efforts are necessary to 
enhance patients’ PO pain experiences. Poorly managed acute pain following surgery is known to potentially lead to the 
development of chronic pain. The consequences of inadequate pain control during or after surgery may include adverse 
effects, such as toxicity from prolonged or high-dose anaesthetic medications. As a result, effective pain management is 
a key quality improvement objective on individual, institutional, and societal levels.47 According to a substantial body of 
research, persistent pain affects between 10% and 60% of patients after common surgeries.48–53 Chronic pain is defined 
as lasting at least two months post-surgery, extending beyond the normal healing period, without an identifiable 
cause.48,49,54 Therefore, reducing perioperative pain frequency and severity, and preventing its progression to chronic 
pain, is crucial and may require a comprehensive, multifaceted approach. One of the factors implicated in the onset of 
persistent post-surgical pain may be linked to either acute or chronic exposure to opioids. These analgesics work by 
binding to opioid receptors—specifically μ, Κ, δ, and opioid-like receptor type 1 (ORL1)—which are found in peripheral 
tissues, the spinal cord, and various regions of the brain, affecting multiple organ systems.55 Opioid-induced analgesia 
requires inhibition at both the dorsal horn of the spinal cord and supraspinal circuits for effective systemic relief. 
However, neurons in the rostral ventral medulla, sensitive to opioids, also facilitate hyperalgesia.55 As opposed to opioid 
tolerance, where increased doses are necessary to achieve the same effect, OIH refers to an increase in widespread pain, 
without another explanation, that can worsen or improve with changes in opioid dosage.55 Given the high rates of opioid 
use in the perioperative period, strategies to mitigate the risk of developing chronic PO pain should be employed 
throughout this timeframe. These strategies include opting for surgical techniques that minimize the risk of tissue or 
nerve injury and inflammation when possible.56 Additionally, during the preoperative assessment, identifying patients 
who may be at higher risk of developing pain during or after surgery is crucial. Implementing an ERAS protocol, which 
starts with a comprehensive physical, emotional, and psychological evaluation, can help alleviate surgical stress.57–59 

Furthermore, selecting appropriate perioperative analgesic or anaesthetic approaches is essential to reducing pain and 
limiting noxious stimuli that can lead to peripheral and central sensitization.38,48,60–65

Local anaesthetics are commonly used during surgical procedures as supplementary measures to control acute pain 
and decrease the need for analgesics. However, there is a limited amount of research evaluating their impact on 
subsequent PO outcomes, such as the development of chronic postsurgical pain and overall quality of life.66–70 One 
study investigated the efficacy of a tumor necrosis factor-alpha inhibitor for inguinal hernia repair compared to 
a placebo,67 while another trial assessed the effects of pregabalin versus placebo in a cardiac surgery model.68 

Additionally, a third study explored the use of minocycline, a broad-spectrum tetracycline antibiotic known to inhibit 
microglial activation, in comparison to a placebo following lumbar discectomy.69 None of these trials demonstrated 
a significant preventative analgesic effect; however, one study did find that propofol-based anaesthesia was associated 
with a reduced incidence of chronic PO pain in patients undergoing open abdominal hysterectomy.70 Achieving effective 
PO pain management in individuals with chronic pain presents even greater difficulties due to the biological and 
psychological changes related to the condition. In this context, the modulation of opiate doses is of utmost importance 
to ensure an appropriate level of analgesia while simultaneously preventing opioid-related adverse events. Despite these 
challenges, ensuring effective PO pain management is not just an ethical obligation for perioperative healthcare 
providers; it is also a fundamental right for patients. Consequently, adopting a comprehensive, patient-centred approach 
is crucial for achieving optimal PO pain management.

The Pain Management Plan Within ERAS Pathways
ERAS aims to enhance patient outcomes and accelerate recovery following surgery. The protocol concentrates on 
optimizing each stage of the surgical journey, encouraging patients to take an active role in their recovery. The underlying 
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philosophy is that providing comprehensive education before surgery, coupled with an effective anaesthetic and analgesic 
strategy, enables patients—particularly those undergoing orthopaedic procedures—to mobilize sooner.13 As a result, 
these patients can meet physiotherapy objectives more quickly and advance at a faster pace compared to conventional 
timelines, thereby shortening their hospital stay and minimizing the likelihood of typical hospital-associated complica
tions (ie, acquired infections). The overarching goal is to ensure that all patients, including those with chronic conditions, 
can achieve a safe and timely discharge without compromising the quality of their outcomes. Thus, it is crucial to 
understand the role of multimodal analgesia within the ERAS settings. This approach utilizes various pain management 
strategies that work together to enhance analgesic effects while simultaneously reducing the required doses of individual 
agents, thereby minimizing the risk of side effects.71–74 The extensive range of adverse effects linked to opioid analgesics 
—such as nausea, respiratory depression, hyperalgesia, delirium, and tolerance—highlights the need for an opioid- 
sparing strategy whenever feasible.75,76 Given that multiple pathways and mediators are involved in nociception, it is 
important to target various areas within the central and peripheral nervous systems using different mechanisms of action 
(ie, blocking receptors or using alternative medications), in addition to traditional therapies, which can improve analgesic 
efficacy and pain control.77,78 The timing and dosage of opioids administered to the patients are essential to produce the 
desired analgesic effect. A recent multimodal pain management protocol scheduled pre-emptive medications before 
surgery. This approach, together with preoperative classes, reduced the anxiety of the patients regarding the potential 
delays between the onset of pain and the administration of medication. Additionally, implementing a comprehensive pre- 
medication protocol is essential to prevent extreme pain at any stage, which can help avoid central sensitization—a 
phenomenon known to heighten pain perception.79,80 Oral opioids, which act on the μ-receptor to reduce the release of 
excitatory neurotransmitters, may serve as effective preemptive analgesics. The most frequently used is Oxycontin, for 
example, the oral administration of OxyContin 10mg has been successfully used as a pre-emptive narcotic in 
orthopaedics.81 This is especially crucial within the first 48 hours post-surgery to prevent the development of pain 
imprinting and sensitization with consequent opioid-induced hyperalgesia. Preoperative opioid abusers, for example, 
require more PO intravenous rescue narcotics compared to matched controls and are at increased risk for morbidity and 
mortality after orthopaedic surgery.82,83 Conversely, a well-administered protocol for multimodal analgesia aims to 
prevent pain transduction (local tissue), transmission (peripheral nerves and spinal cord), and perception (central nervous 
system), nearly eliminating or at least reducing the need for parenteral narcotics (especially opioids) in post-op patients.81 

Already in 2009 there have been reports on the use of pre-emptive analgesia combined with PO pain management to 
shorten the overall length of stay (LOS) following total knee arthroplasty.84 More recently, Trasolini et al described how 
the implementation of preoperative education, medications, and the administration of spinal anaesthesia, and intraopera
tive wound injections of morphine, ketorolac (Toradol), and ropivacaine have eliminated the necessity for stronger oral 
pain medications beyond Norco (at a dose of 10mg every 3–4 hours prn).81 For both hip and knee patients, the same pain 
medications used in the hospital (eg, Norco, acetaminophen, tramadol) were prescribed for home use. Additionally, each 
patient was instructed to take 200 mg of celecoxib twice daily for three weeks.81 Another anaesthetic technique used for 
hip and knee replacement surgery consisted of morphine 100µg or sufentanil 2.5–5µg in addition to local anaesthetics for 
patients younger than 80 years;85 analgesia was started intraoperatively with intravenous paracetamol and ketoprofen, 
and following the insertion of the implant, tranexamic acid was administered at a dosage of 20mg/kg.85 After surgery, 
patients were first taken to the recovery room. Once their pain and PO nausea and vomiting were effectively managed, 
and in the absence of any active bleeding, they were then transferred to the ward. The PO analgesia protocol consisted of 
oral administration of paracetamol 1g 3x per day, celecoxib 200mg/die, oxycodone 5–10mg 2x per day (depending on 
numerical rating scale NRS pain assessment) and 20 oral drops of tramadol 100mg/mL drops as “rescue” medication.85 

This prescription was advised for use not only during hospitalization but also following discharge, ensuring sufficient 
comfort during rest and physical therapy.85 This clinical evidence shows that an optimal opioid-induced anaesthesia 
protocol requires a peak of narcotic as pre-emptive medication or prior to surgery when the receptors are still available 
and the sensitization to pain did not occur, while postoperatively only milder opiates in combination with different 
analgesic techniques are required to maintain an adequate level of analgesia during recovery (Table 2).86 While 
preventing the occurrence of chronic pain, this model of pain management aims to decrease opiate doses altogether, 
thereby reducing the potential for side effects from opioid use, which can hinder recovery. Additionally, proactive plans 
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are made with patients and their families for a smooth transition to home care following surgery. The discharge process is 
closely monitored, particularly during the first week, to significantly minimize the likelihood of emergency room visits.

While the theoretical framework of multimodal analgesia is compelling, its widespread adoption necessitates a solid 
empirical foundation, encompassing controlled trials, observational studies, and systematic reviews. This becomes 
imperative to substantiate the purported benefits and elucidate the specific contexts where multimodal approaches 
excel. Thus, further research should explore not only the efficacy of pain relief but also the long-term outcomes, patient 
satisfaction, and potential economic implications.

Opioid-Free or Opioid-Balanced Strategies for Multimodal Analgesia in Orthopedics
The concept of synergy, by combining medications with complementary mechanisms of action, is pivotal in the development 
of multimodal analgesia strategies; in fact, the goal is not just additive relief, but an amplified effect that surpasses the sum of 
the individual components. For instance, the judicious combination of opioids, NSAIDs, and local anaesthetics can create 
a balance that optimises pain relief while minimising the risks associated with higher doses of any single agent. Concerning 
this approach to perioperative pain management, orthopaedic and spinal surgery literature highlights successful outcomes with 
various techniques, including epidurals, spinal and paravertebral blocks, pectorals I and II blocks, and field blocks, providing 
procedure-specific evidence for the implementation of already existing ERAS Society guidelines.87–96 Multimodal analgesia 
is an essential component of the ERAS protocols97 and opioid-sparing or opioid-balanced anaesthesia.98 Recently, an 
alternative approach has been introduced: opioid-free anaesthesia, which is a multimodal anaesthesia protocol combining 
different drugs and/or techniques to address perioperative pain without the use of opioids.

Opioid-free anaesthesia has been used in several surgical procedures, and the benefits of this approach were evaluated 
in different meta-analyses.99–101 Nevertheless, the heterogeneity of the studies included was high and some studies 
administered dexmedetomidine at the same time as opioids. A cohort study that evaluated an opioid-free anaesthesia 

Table 2 Perioperative Multimodal Pain Management Plan for 
Orthopaedic Surgery

Pain Severity Localization

VAS < 4 Hip/knee

VAS 4–7 Shoulder/foot

VAS > 7 Reconstruction

Strategies

Pre-emptive ● Preoperative: NSAIDs (balanced COX 1–2)
● End of surgery:

- acetaminophen

- NSAIDs
- mild opioid (ie tramadol) + dexamethasone

Postoperative* 1) Continuous IV:
- NSAIDs
- metoclopramide

- dexamethasone

2) Rescue:
- acetaminophen + NSAIDs

- morphine
● > 24h per os:

- NSAIDs + opioid

Note: *ward/home. 
Abbreviations: VAS, Visual Analogue Scale; NSAIDs, Non-Steroidal Anti- 
Inflammatory Drugs; COX, Cyclooxygenase; IV, intravenous; os, oral 
administration.
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regimen for lumbar decompressive surgery, comparing it with traditional opioid-balanced anaesthesia, showed 
a significant decrease in total perioperative opioid consumption in patients who received opioid-free anaesthesia (2.43 
± 0.86 oral morphine equivalents [OMEs]; mean ± SEM), compared to patients who received opioid-balanced anaes
thesia (38.125 ± 6.11 OMEs). However, there were no statistically significant differences observed between the two 
groups regarding the worst PO pain scores (NRS scores 2.55 ± 0.70 vs 2.58 ± 0.73), opioid consumption in the post 
anaesthesia care unit (5.28 ± 1.7 vs 4.86 ± 1.5 OMEs for opioid-free anaesthesia and opioid-balanced anaesthesia, 
respectively), and time to readiness for discharge.102 Despite the implementation of new pain management protocols, 
post-spinal surgery chronic pain is still a significant issue, affecting 10–40% of patients.103 Misdiagnosis and flawed 
surgical planning are key contributing factors.103,104 In this regard, the canonical approach recommended by international 
guidelines imposes a choice of drugs according to pain intensity, in a “chronological” order, which starts with 
paracetamol, NSAIDs, or cyclooxygenase (COX)-2 inhibitors and then moves to opioids, if the first ones are 
ineffective.105 It must be noted however that opioids are often considered to have more haemodynamic stability 
compared to non-opioid medications; they generally do not interfere with coagulation factors or the modulation of 
haemostasis. Adverse cardiovascular events associated with non-opioid analgesics, such as NSAIDs, are often attributed 
to the inhibition of COX enzymes. COX enzymes play a role in the synthesis of prostaglandins, which are involved in 
various physiological processes, including inflammation and regulation of blood flow.106 Non-opioid analgesics, parti
cularly NSAIDs, may pose risks in certain patient populations. Hence, caution is advised in patients with pre-existing 
conditions such as renal, pulmonary, dermatological, and haematological issues.107 While NSAIDs have the potential for 
adverse effects, they are generally considered safe when used for short periods at the lowest effective dose, but the 
duration and dosage should be carefully monitored, especially in patients with risk factors for complications.106 Already 
in 2012, Allegri et al proposed to include the global vision of the patients and their pathology, encompassing every pain 
type when choosing an analgesic approach. This paradigmatic vision puts the three categories of analgesics at the same 
level because the choice will be driven by the specific conditions of the patient.105 It is important to direct every effort 
not only towards improvement in pain management but also towards the personalization of therapy based on the patient, 
type of surgery (including the type of pathophysiology of pain), and identification of therapies/techniques that can 
improve the long-term outcome (reduction of side effects and reduction of chronic pain).108 In 2020, in a pilot study the 
feasibility and potential efficacy of a motivational interviewing and guided opioid tapering support (MI-Opioid Taper) 
compared to usual care was investigated in patients undergoing total hip or knee arthroplasty. This approach, while 
feasible, necessitates validation on a larger scale to establish its efficacy in promoting complete PO opioid cessation.109 

Hence, the problem is not related to whether drugs/techniques are effective and/or safe, but to which approach will be 
optimal for meeting the patient’s needs in specific contexts. To mitigate long-term opioid therapy risks in chronic pain, 
several strategies are recommended: prioritizing non-pharmacological and non-opioid pharmacological approaches; 
prescribing the lowest effective dose of immediate-release opioids to minimize misuse/addiction risk; avoiding long- 
term opioid use for acute pain; limiting opioid duration (preferably <7 days), with risk-benefit reassessment within 
1–4 weeks; avoiding concurrent opioid and benzodiazepine use to prevent overdose; and regularly reassessing narcotic 
effects.110 Thus, although opioid-free anaesthesia represents an opportunity to minimise perioperative opioid exposure in 
some surgical settings, it is still not ready for standardised use in orthopaedics, especially considering its target 
population (often composed of elderly people or individuals with pre-existing conditions) and the recurrence of pain 
in the postsurgical period.

Despite the availability of various analgesic strategies for improving perioperative pain management, there is not 
a gold standard protocol for orthopaedic patients.111 Interestingly, a retrospective analysis examined the impact of three 
analgesic techniques—morphine, epidural anaesthesia, and continuous nerve block—on PO rehabilitation in 90 total hip 
arthroplasty patients, with an average age of 55 years. In the epidural group, anaesthesia was administered at the L2–3 or 
L3–4 level before general anaesthesia, using a dose of 0.2% ropivacaine (2 mg/mL) combined with 0.5 mg of fentanyl 
(4.5 × 10⁻³ mg/mL) at a rate of 2–4 mL/hr postoperatively. Epidural fentanyl was continued for 48 hours, with catheter 
removal on PO day 2. Patients in the morphine group were instructed on the use of patient-controlled anaesthesia (PCA) 
devices,112 which delivered 1.0 mg/hr of morphine with a demand dose of 1.0 mg and a lockout interval of 20 minutes, 
allowing for additional bolus doses prn. In the continuous nerve block group, a continuous 3-in-1 nerve block was 
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performed after the induction of general anaesthesia. Fondaparinux (2.5mg/day) was initiated on PO day 1 for patients 
receiving PCA and continuous nerve block and on PO day 2 for those in the epidural group. Movement and strengthening 
exercises commenced on PO day 1, with full weight-bearing exercises encouraged starting on PO day 2.112 Pain intensity 
was assessed using a Visual Analog Scale 24 hours after surgery. For patients experiencing intolerable pain, loxoprofen 
sodium (60 mg) was administered orally every 6 hours prn and, if the pain persisted after 30 minutes, diclofenac sodium 
suppository (25mg) was administered. Patients using PCA with morphine required supplemental analgesia less frequently 
compared to the other groups, but the continuous nerve block was associated with fewer side effects, including nausea 
and/or emesis, and lower D-dimer levels (a marker for thrombotic events after surgery) while providing the same level of 
pain relief when compared to the other analgesics.112

Therefore, opioid-balanced, multidisciplinary pain management strategies have gained significant traction over the last 
decade with superior clinical outcomes in terms of early ambulation, LOS, opioid consumption, and PO complications 
(Table 3).102,113–119

A multimodal analgesia protocol was implemented in 126 total knee arthroplasty patients (average age 66). Key updates 
from the previous protocol included pre-operative education and caregiver assignment. The analgesic plan consisted of pre- 
and intra-operative tranexamic acid, a transdermal scopolamine patch (for patients <70), IV dexamethasone, spinal anesthesia, 
and a 48-hour (or until discharge) continuous adductor canal nerve block. Postoperatively, physical therapy began on the day 
of surgery (post-anesthesia resolution), and all patients received a standard oral analgesic regimen (acetaminophen, NSAIDs, 

Table 3 The Use of Opioids Within Different Multimodal Analgesia Protocols in Orthopaedics

Protocol Type of Surgery Opioids Used Stage of Surgical 
Procedure that 

Involved Opioids Use

Outcomes

Weill Cornell102,113 Minimally invasive 
lumbar decompression 

spine surgery

Tramadol or 
oxycodone

Postoperative Early physical therapy within 2 hours of 
arriving to PACU

University of 

Western Ontario114

Minimally invasive spine 

surgery

Methadone Preoperative Reduced LOS and associated costs
Tramadol Intraoperative

Perelman School of 

Medicine, University 

of Pennsylvania115,120

Spine surgery Tramadol Intraoperative Ambulation starting as early as 6 hours 

after surgery

University of Texas116 Minimally invasive spine 

surgery

Tramadol Preoperative Reduced MEDD and LOS

Fondazione 

Policlinico 
Universitario 

Agostino Gemelli 

IRCCS85

Hip and knee 

replacement surgery

Morphine or 

sufentanil (local)

Intraoperative Reduced LOS, complication rates, and 

patient satisfaction
Oxycodone and 

tramadol (rescue)

Postoperative

Virginia Mason 

Medical Center117

Total knee arthroplasty Oxycodone, prn Postoperative Reduced LOS; improved acute clinical 

outcomes (eg, pain, opioid consumption, 
and physical therapy participation)

Kaiser Permanente 

Northern 

California118

Emergency hip fracture 

repair

Opioid analgesia, prn Postoperative Reduced LOS, and complication rates

Royal College of 

Surgeons of 
Edinburgh119

Proximal femoral 

fractures

Opioid analgesia  

(only for severe pain)

Preoperative and 

postoperative

Reduced complication rates

Tramadol Postoperative

Abbreviations: PACU, post-anaesthesia care unit; LOS, length of stay; MEDD, morphine equivalent daily dose; prn, as needed.
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gabapentin). Oral oxycodone (prn) was the primary opioid, used only when needed and not contraindicated.117 This survey 
revealed that the incorporation of perioperative care based on multimodal pain management and early rehabilitation decreased 
PO LOS (IQR: 53.3, 76.5, P < 0.001) without increasing readmission rates, and improved acute clinical outcomes such as pain, 
opioid consumption, and physical therapy participation. In 2017 the outcomes of an ERAS pathway were evaluated in a target 
population of 5,002 elderly patients who underwent emergency hip fracture repair across 20 hospitals in Northern 
California.118 The pain management protocol for these patients focused on opioid-balanced approaches using multimodal 
analgesia, which included preoperative and PO intravenous acetaminophen, NSAIDs, and peripheral nerve blocks.118 Patients 
were encouraged to begin ambulating within 12 hours post-surgery, aiming for a daily walking goal of at least 6.4 meters 
during the first three PO days.118 To enhance patient engagement, an infographic-based calendar outlining the expected care 
processes from the night before surgery to discharge was distributed, along with an informational video series aimed at 
improving patient education.118 The results of this study showed that ERAS implementation significantly increased the 
relative rate of early ambulation (4.44; 95% CI, 3.19–6.21; P < 0.001) and led to a decrease in opioid use (0.73; 95% CI, 
0.63–0.85; P < 0.001).118 There were no significant changes in benzodiazepine usage, but the ERAS protocol was associated 
with a reduction in hospital LOS and PO complications.118 Notably, the rate of discharge to home improved (1.24; 95% CI, 
1.06–1.44; P = 0.007), with no difference in the 30-day readmission rate compared to the orthopedics-comparable cohort prior 
to ERAS implementation.118 To corroborate these findings, a meta-analysis encompassing 38 trials and 5,099 patients 
demonstrated significant reductions in LOS and 30-day complication rates following ERAS implementation, without notable 
differences in mortality or readmission rates.121 Among these trials, only three focused on patients undergoing lower extremity 
joint replacement. In a study by Macfie et al involving 232 patients with femoral neck fractures, the ERAS protocol was found 
to reduce PO complications; however, it did not affect the length of hospital stay or 30-day mortality.119

Thus, opioid-balanced multimodal analgesia is important to address acute PO pain and prevent chronic pain after surgery. 
The adoption of enhanced clinical programmes in orthopaedics has shown an important improvement in PO outcomes with 
a reduction in the need for opioid use over longer periods and increased patient satisfaction; however, practical considerations, 
such as optimal drug combinations, dosing regimens, and patient-specific factors, require meticulous exploration. Further 
research is thus encouraged to navigate these complexities, offering insights that can refine clinical guidelines and practice.

Conclusion
The evolution of perioperative management, exemplified by ERAS programmes, signifies a paradigm shift towards 
comprehensive and patient-centred care. The journey from traditional approaches to the embrace of multimodal strategies, 
especially in orthopaedic surgery, has demonstrated significant strides in improving PO outcomes. The emphasis on 
multimodal analgesia, characterised by an opioid-balanced approach, has emerged as a pivotal component of these 
protocols. By integrating the proper use of opiates (in time and dosage) with various pain management strategies, such 
as regional nerve blocks, NSAIDs, and acetaminophen, orthopaedic ERAS programmes aim to enhance patient recovery, 
minimise PO morbidity and prevent the development of chronic pain, while reducing the long-term reliance on opioids. The 
multifaceted nature of ERAS, encompassing preoperative education, optimised anaesthesia, and early mobilisation, 
contributes to shorter hospital stays, decreased complication rates, and improved patient satisfaction. Opioid-free anaes
thesia has also been explored in some specialities, for example, bariatric surgery; however, its use requires further 
optimisation and improvement. Current clinical evidence suggests that an opioid-balanced strategy within a multimodal 
framework yields superior outcomes in terms of pain control, recovery, and patient experience. As the field advances, 
continued research and collaboration among healthcare professionals are crucial to refine protocols, tailor approaches to 
specific patient needs, and further optimise the long-term outcomes of orthopaedic surgeries. Moreover, practical con
siderations, such as optimal drug combinations, dosing regimens, and patient-specific factors, require meticulous explora
tion to avoid unwanted side effects. The quest for an optimal balance between pain control and patient safety continues, 
reflecting a commitment to enhance not only the immediate PO period but also the overall well-being and recovery 
trajectory of patients undergoing orthopaedic procedures. Thus, a final plea is directed to all national societies and 
institutions to endorse the implementation of these principles, with validation aimed at achieving the strategic objectives 
of individual hospitals in terms of efficiency, patient safety, prompt recovery, and reintegration into the community.
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