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Abstract 

Chronic pain represents a significant burden at both individual and societal levels. While paracetamol 
is widely used, its lack of anti-inflammatory activity makes it suboptimal for chronic inflammatory 
conditions. This narrative review examines the role of nonsteroidal anti-inflammatory drugs 
(NSAIDs) — the most globally prescribed medication class — in chronic pain management, with 
emphasis on best practices and recent advances. NSAIDs demonstrate established efficacy in 
reducing inflammation and pain; however, their potential for serious adverse effects warrants careful 
consideration, particularly in elderly populations. Both cardiovascular and gastrointestinal risks are 
relevant even with selective agents, and the elevated myocardial infarction risk within the first seven 
days of therapy underscores the need for caution even in short-term use. Sustained-release 
formulations offer pharmacokinetic advantages over immediate-release counterparts, maintaining 
therapeutic concentrations over 24 hours and improving adherence. Controlled-release technology 
further optimizes this profile by combining an initial rapid-onset phase with a prolonged 
maintenance phase. Chronic pain, whether neuropathic or osteoarticular, is best addressed through 
a multimodal therapeutic approach. Systematic analyses indicate no clinically meaningful differences 
in analgesic potency among most NSAIDs at equivalent doses; therefore, individualized prescribing 
based on drug adverse effect profile and patient comorbidities is essential.  

Keywords: musculoskeletal pain; NSAIDs pharmacology; NSAIDs adverse effects 

1. Introduction

 The commonly accepted definition of chronic pain is the one published by the the International 
Association for the Study of Pain (IASP) as “Chronic pain is pain that persists or recurs for longer 
than 3 months”[1].  It is very common, with a prevalence rate in the US estimated at 20.4%[2].   In 
Europe, a systematic review reported a pooled prevalence rate of chronic pain of 43.5%, with a rate 
of moderate to severe disabling pain ranging from 10.4% to 14.3%[3].   

Chronic musculoskeletal pain is not a steady condition, and patients typically experience a 
baseline discomfort which can periodically worsen or be associated with  other symptoms; the 
typical example is spinal central chronic pain, which is typically associated with periodic flares of 
pain during the year; in these patients, low back pain (LBP) may be associated with sciatica or other 
peripheral nerve compression symptoms[4].   

Three of the top ten reasons people seek medical care are osteoarthritis, back pain, and headache, 
typically chronic and relapsing pain conditions [5]. Three of the four leading causes of years of work 
lost due to disability are back pain, musculoskeletal disorders, and neck pain, typically chronic pain 
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conditions[6].   Moreover, the presence of chronic pain is considered one of the main factors that 
hampers pain control after surgery is performed[7]   

The economic costs are significant; chronic pain represents an annual burden on the population 
amounting to €12 billion, or 4% of Gross Domestic Product (GDP). An estimated 80% of the costs are 
due to lost productivity[8].  

The presence of inflammation is a common mechanism in many conditions that cause chronic 
pain [9,10]. High- or low-grade inflammation, at any musculoskeletal site, is present in and underpins 
many chronic painful conditions, both degenerative such as osteoarthritis (OA) and typically 
inflammatory such as rheumatoid arthritis (RA)[11].  

Acetaminophen (Paracetamol) is often recommended by guidelines or expert panels as a first-
line analgesic agent[12,13]. However, this would not be a very appropriate choice for chronic 
inflammatory pain. In fact, paracetamol has no anti-inflammatory activity and has been shown to be 
less effective than NSAIDs in the treatment of chronic or recurrent musculoskeletal pain [14,15]. 
Furthermore, paracetamol at doses higher than 3 grams/day in adults may present safety problems, 
especially if administered for prolonged periods.[16,17].   

Aim of the current narrative review is to provide an overview of the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) in chronic pain, with a focus on best practices and selected advances. 
The focus is primarily on the safety of NSAIDs, attempting to differentiate molecules within the class, 
something not often done in general medicine literature. 

2. NSAIDS  

NSAIDs are the most commonly used drugs to treat chronic pain due to osteoarthritis and other 
musculoskeletal disorders in both adults and the elderly[18].    Most NSAIDs meaningfully reduce 
knee and hip osteoarthritis pain, greater than either paracetamol or opioids [19]. NSAIDs account for 
nearly 20% of all prescription drugs and are the most widely used class of medications globally [20].  
Furthermore, given that NSAIDs are also available over-the-counter, itʹs likely that an even greater 
number of adults and older adults worldwide are taking them in an attempt to relieve pain. Studies 
have shown that approximately 30 million people worldwide use NSAIDs daily, 40% of whom are 
over the age of 60[21].  

2.1. Brief Pharmacology Notes 

NSAIDs act by inhibiting cyclooxygenase (COX) enzymes, which produce prostaglandins by 
metabolizing arachidonic acid [22]. Prostaglandins, in addition to their role in numerous bodily 
functions, also modulate pain, inflammation, fever, and vasodilation. COX enzymes also induce the 
formation of thromboxanes, which are primarily involved in platelet function and hemostasis. 

NSAIDs are widely used in the treatment of mild to moderate pain, especially in inflammatory 
conditions, such as rheumatic and musculoskeletal disorders or in the post-operative period. Two 
distinct COX isoforms, COX-1 and COX-2, are currently recognized. COX-1 is a constitutive enzyme 
important for the production of prostaglandins with physiological functions, such as protecting the 
mucosa in the gastrointestinal tract and maintaining normal renal function. COX-2 has been found to 
be a predominantly inducible enzyme expressed under conditions of inflammation. PGE2 produced 
by COX-2 is the primary mediator of pain and fever [23]. 

NSAIDs can be classified based on their selectivity for COX-1 and COX-2 (Table 1).  

Table 1. Comparison of common nonsteroidal anti-inflammatory drugs (NSAIDs). 

NSAID  
Dose  

equivalence  
(mg) 

Dose  
Frequency 

(times daily)  

Max.  
daily  

dose (mg) 
ASA  

(anti-inflammatory) 650 4 to 6   4000 
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Celecoxib*  200 1 to 2   400 
Diclofenac  50 2 to 3  150 
Etoricoxib*  30 once daily  120 
Ibuprofen  600 4 to 6   3200 

Indometacin  75 2  200 
Ketoprofen lysine salt 50 2 to 4   300 

Ketorolac  20 2  40 
Naproxen  500 2  1500 

Nonselective NSAIDs, such as ketoprofen indomethacin and naproxen, inhibit both COX-1 and 
COX-2, while COX-2-selective NSAIDs, such as celecoxib and etoricoxib, were developed with the 
aim of maintaining COX-1-mediated gastric mucosal integrity. However,many of the theoretical 
safety advantages of COX-2-selective NSAIDs over COX-1 are minimal in practice, and both present 
similar considerations in clinical use[24] (*COX-2 selective). 

2.2. Adverse Effects and Prudent Use 

These agents are certainly effective in treating inflammation and pain, but it must be considered 
that they are drugs that can have significant adverse effects. Elderly people, in particular, are at 
greater risk of drug-related adverse events due to age-related loss of physiological organ reserve, 
increased comorbidities, polypharmacy, and pharmacokinetic alterations [25]. Some reports indicate 
that NSAID use causes approximately 41,000 hospital admissions and 3,300 deaths each year among 
the elderly [26].  

2.2.1. Cardiovascular Risk 

The cardiovascular risk of NSAIDs emerged with the introduction of selective COX-2 inhibitors. 
However, it was soon recognized that the increased risk of cardiovascular events, particularly 
hypertension, heart failure, and myocardial infarction, also applies to nonselective NSAIDs[27,28] . 

The increased baseline cardiovascular risk should prompt greater caution in the use of NSAIDs, 
based on risk-benefit considerations and comorbidity. Ketoprofen and low-dose celecoxib may carry 
a lower cardiovascular risk than other NSAIDs, while etoricoxib, diclofenac and ketorolac 
demonstrated the highest risk[29–31] (Table 2).  

Table 2. Gastrointestinal and cardiovascular risk from individual NSAIDs. 

 Gastrointestinal risk (REF:29-31) Cardiovascular risk  
(REF: 23-27)  

High risk  

piroxicam  
ketorolac  
high-dose aspirin (when used as
an anti-inflammatory)  

etoricoxib  
ketorolac  
diclofenac 

Moderate risk  

naproxen  
indometacin  
diclofenac 
ibuprofen 

ibuprofen  
meloxicam  
indometacin  

Low risk  

meloxicam  
etoricoxib (low dose)  
ketoprofen lisine salt  
celecoxib (lowest) 

naproxen 
piroxicam 
ketoprofen (lowest) 

2.2.2. Gastrointestinal Risks 
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It is widely known that NSAIDs can cause mucosal damage in the upper, middle, or lower 
gastrointestinal tract[32].  Although selective COX-2 inhibitors were developed to reduce the 
incidence of gastrointestinal complications, these adverse effects can still occur[33].  

Among COX-2-selective NSAIDs, celecoxib has the lowest gastrointestinal risk, while among the 
non-selective COX-2, ketoprofen lysine salt (KLS) and ibuprofen (low dose) have the lowest 
gastrointestinal risk[34,35] (Table 2).   

Hepatic Impairment 
NSAIDs should be avoided or used with great caution in patients with liver cirrhosis. Liver 

damage may be related to both the production of reactive intermediates and the induction of 
oxidative radicals. Diclofenac carries the best-known risk of liver damage[36] . 

The mechanism underlying liver damage from diclofenac, and also from ibuprofen, appears to 
be the induction of intracellular ROS production, leading to lysosomal dysfunction and suppression 
of autophagy. Impaired autophagy fails to maintain mitochondrial integrity and increases the cellular 
ROS load, leading to hepatotoxicity[37]. 

2.3. Sustained Release Formulations 

Long-term use of NSAIDs is often discouraged due to the development of adverse effects. 
However, 7- to 14-day treatment cycles can be used, especially with the most well-tolerated drugs. 
For this purpose, sustained-release NSAID formulations are very useful for treating chronic pain. 

Sustained-release medications offer several advantages over immediate-release formulations. 
Sustained-release formulations are designed to release the active ingredient gradually over a 

prolonged period. This release mechanism ensures that the drug remains effective in the body longer, 
reducing the frequency of administration. 

Slow-release technologies can be summarized in two models: 
(i)Sustained-release technology is characterized by the slow release of a specific substance at a 

programmed rate to deliver the drug over a prolonged period of time. 
(ii)Controlled-release technology is characterized by the release of the drug at a predictable and 

rationally programmed rate to achieve the optimal serum concentration. This dosage form improves 
safety, efficacy, reliability, and convenience of drug therapy. 

Although it is a slow-release system, unlike sustained-release, this process is designed to 
produce predictable concentration according to a predefined schedule. With this approach, the 
concentration of the active ingredient in the target tissue is controlled, not just the drug release. 

In sustained-release tablets, various techniques can be used to maintain a steady drug delivery 
rate over time.. A matrix of insoluble materials such as acrylics or guar gum can be used to slow 
down the drug release rate.  

Micro-encapsulation is a process in which the active pharmaceutical ingredient (API) is 
deposited around an inner core and enclosed within layers of insoluble compounds.When it comes 
to the treatment of chronic pain, there are two essential models of sustained release of NSAIDs 
(Figure 1). 
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Figure 1. Two sustained release models of oral drugs compared with immediate release - see text for description. 

The first is simple sustained release, where the drug is released from a matrix that delays its 
release. The advantage of this formulation is that it achieves active concentrations for 24 hours with 
a single administration, while the disadvantage is a delayed peak resulting in a delayed onset of 
effect. The second is controlled release, where pharmaceutical technology allows for drug release in 
two phases: an immediate release phase followed by a slow-release phase. This formulation produces 
an early drug peak with a rapid onset and maintains active concentrations for 24 hours. 

For completeness, two examples of controlled-release NSAIDs are presented: sustained-release 
diclofenac and controlled-release ketoprofen lysine salt. 

Diclofenac 150 mg prolonged-release tablets consist of spherical beads coated with ammonium 
methacrylate copolymer type B and paraffin. The paraffin forms a hydrophobic film that reduces the 
permeability of the microspheres. Diclofenac is released by diffusion from the pellets (Figure 2).  

 

Figure 2. Schematic representation of diffusion sustained drug release embedded in a polymer matrix. 

This formulation has the advantage of having an active concentration of the active ingredient 
for the duration of 24 hours. However, the drug is absorbed slowly, with the active ingredient 
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appearing in the general circulation 1.2 hours after administration (Tlag) and a peak concentration 
5.5 hours after administration (Table 3). 

Table 3. Time to onset in blood (Tlag) and time to peak (Tmax) of Diclofenac PR and Ketoprofen (KLS) CR. 

NSAID Tmax .h Tlag .h Ref 
Diclofenac Prolonged Release  

(SEM) 5.5 (0.6) 1.2 (0.2) [38] 

Ketoprofen lysine salt Controlled Release (SD) 2.13 (0.74) 0.5 (0.32) [39] 

Ketoprofen Controlled Release uses a microgranule pharmaceutical technology that allows for 
biphasic release of the active ingredient. Briefly, the capsule contains a fixed number of 
microgranules. Each microgranule is a 1 mm diameter spheroid with a central core containing the 
active ingredient, which in turn is coated with a layer containing a highly concentrated active 
ingredient. The granule is coated with a dialysis membrane that determines the differentiated release 
of the drug (Figure 3). 

 
Figure 3. Two-phase release microgranule technique. These are spheroids approximately 1 mm in diameter 
consisting of a central core. 

The biphasic release allows for rapid absorption with a Tlag of 0.5 hours and relatively early 
peak of 2.13 hours and maintains active drug concentrations for 24 hours (Table 3). 

3. Clinical Setting 

Chronic pain has several causes, and it can be observed in a wide range of patients. 
Musculoskeletal diseases, being often related to the biomechanics of the skeleton, are influenced by 
loads, joints use, as well as by the personal history, sex/gender and sleep disturbances[40–42] . 
NSAIDs are commonly used in patients affected by low back pain, principally during the flares of 
inflammatory pain typical of this patients� population. Those patients in fact may periodically expect 
to experience stiffness, nerve roots irritation, aching pain and severe muscle spasms associated with 
LBP.  The use of NSAIDs is regarded as practical in patients with nonspecific LBP because of its 
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effectiveness in pain control and no increase in adverse events; despite being indicated as one of the 
options in specific pain, as in spinal stenosis patients, a reduced indication to NSAIDs use in spinal 
stenosis was recorded[43,44]     

Despite being formally similar, low back pain and joint pain differ in terms of our ability to treat. 
When approaching orthopedic patients with chronic pain, what truly determines therapeutic 

success is a thorough understanding of the underlying causes. Indeed, the patient is critically 
characterized by understanding their general health status, keeping into account comorbidities and 
prescribed medications, and, above all, considering their functional requirements. In orthopedics, 
mild-to-moderate chronic pain often refers to non-surgical patients; in fact, only a small percentage 
of patients undergoing surgery develop significant post-surgical chronic pain over time. The Italian 
Society of Orthopedics and Traumatology (SIOT), together with the Society of anesthetists (SIA-
ARTI, Italian Society of Anesthesia, Analgesia, Resuscitation and Intensive Care), rheumatologists 
(SIR, Italian Society of Rheumatology) and physiatrists (SIMFER, Italian Society of Physical and 
Rehabilitation Medicine), recently conducted a study with the aim to provide a national overview of 
pain associated with knee osteoarthritis, analyzing the chance of patients to have appropriate pain 
control [45]; knee pain was chosen because, compared to other joints, it is one of those associated with 
high disability. Through an online questionnaire, 1,473 physicians from the participating Specialized 
Societies, who treated patients with knee osteoarthritis, were interviewed to investigate the methods 
and treatments used to manage patients with pain. Furthermore, 150 patients were studied through 
the involvement of two patient associations, APMARR (National Association of People with 
Rheumatological and Rare Diseases) and ANMAR (National Association of Rheumatic Patients), to 
investigate the degree of satisfaction with the treatment received for pain control. 

A significant proportion of patients with knee degenerative arthritis had moderate chronic pain, 
and that was mostly the main reason to seek medical advice. Patients� samples included a significant 
number also of rheumatic patients affected by inflammatory diseases, including degenerative and 
inflammatory arthritis, and ankylosing spondylitis. They found that, paracetamol and NSAIDS were 
the most prescribed drugs in this patients� population, representing over 50% of all prescriptions.  

A non-negligible part of chronic musculoskeletal pain patients will be candidate to surgery; in 
fact, the increased demand of orthopaedic surgery by chronic pain patients is one of the burdens of 
current public health system worldwide[46]    

With the increase in average waiting list time, innovative strategies are required to address 
patients� specific needs while waiting for surgery. If NSAIDS are contraindicated if administered 
chronically, these are the mainstay in those patients experiencing the flares of recurrent pain over 
chronic symptoms[45]Among these, patients candidate to surgery are peculiar because NSAIDs 
should be restricted in case of the following conditions: in the two weeks before the surgery, to control 
the risk of bleeding; in those patients at risk to develop stress fractures, since chronically administered 
NSAIDS may affect bone healing[47,48]. It has been theorized that in waitlisted patients, pain-
prehabilitation protocols may improve patients� outcomes, reducing the risk of chronic post- surgical 
pain to develop[4]. In fact, the typical patient candidate to major orthopedic joint surgery is 
characterized by a mixed pain with nociception and central sensitization. Patients could be better 
treated by managing both inflammation through NSAIDS administration, and at the same time 
addressing central sensitization; patient management in this contest may greatly benefit from the 
implementation of Transitional Pain Services to improve overall patients� outcomes, allowing a faster 
recovery after major orthopedic surgery. 

4. Conclusions 

Recommendations for chronic pain, both neuropathic and osteoarticular, agree on a multimodal 
approach that should include weight loss, if appropriate; a healthy lifestyle, including exercise, good 
nutrition, and proper sleep hygiene; smoking cessation; and ergonomic modifications when 
indicated. This is combined with opioid and non-opioid pharmacological therapies, psychological 
therapies, integrative treatments, and procedures[49,50].   
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Systematic analyses suggest that there is no clinically significant difference in analgesic potency 
between most NSAIDs and most indications when used at equivalent doses[51,52].    

Therefore, the choice of drug should be dictated by the adverse effect profile 
and the patientʹs comorbidities. In cases of recurrent pain, sustained-release NSAIDs offer 

advantages for patient compliance. 
Evidence suggests that the risk of myocardial infarction is highest in the first 7 days of therapy, 

therefore the cardiovascular risk of NSAIDs must be considered even for short-term use [53,54].   
NSAIDs with good gastrointestinal tolerability such as Ketoprofen lysine salt or Celecoxib are 
generally recommended for subjects at higher gastrointestinal risk, particularly those over 65 years 
of age, those with peptic ulcer disease, or those taking concomitant antiplatelet drugs, anticoagulants, 
or systemic glucocorticoids[55]. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

API Active pharmaceutical ingredient 
ANMAR National Association of Rheumatic Patients 
APMARR National Association of People with Rheumatological and Rare Diseases 
COX Cyclooxygenase 
CR Controlled release 
GDP Gross Domestic Product 
IASP International Association for the Study of Pain 
KLS Ketoprofen lysine salt 
LBP Low Back Pain 
NSAIDs Nonsteroidal anti-inflammatory drugs 
OA Osteoarthritis 
PG Prostaglandin 
PR Prolonged release 
RA Rheumatoid arthritis 
SD Standard deviation 
SEM Standard error of mean 
SIA-ARTI Italian Society of Anesthesia, Analgesia, Resuscitation and Intensive Care 
SIMFER Italian Society of Physical and Rehabilitation Medicine 
SIOT Italian Society of Orthopedics and Traumatology 
Tlag Time to onset in blood  
Tmax Time to peak 
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