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ABSTRACT

Chronic pain is a public health priority that

affects about 20% of the general population,

causing disability and impacting productivity

and quality of life. It is often managed in the

primary care setting. Chronic pain management

is most effective when the pain mechanism has

been identified and addressed by appropriate

therapy. This document provides an overview

of pharmacological therapy for chronic non-

cancer pain in the primary care setting, with the

aim of improving treatment decisions based on

the underlying pain mechanisms and pain

neuroscience.

Keywords: Chronic pain; Management;
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Key Summary Points

This article covers pharmacological

therapy for chronic non-cancer pain in

the primary care setting, where many

patients with this condition present.

The accompanying article describes a

pathway for identifying the underlying

mechanism causing chronic pain, the

‘‘pain generator’’.

Pain may be mechanical nociceptive,

inflammatory nociceptive (with or

without significant spinal sensitization),

neuropathic, or mixed pain.

Basing treatment decisions on the

underlying pain mechanism and on pain

neuroscience ensures that patients with

chronic pain receive the best possible care,

which may require referral to a pain

specialist.
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DIGITAL FEATURES

This article is published with digital features,

including a summary slide, to facilitate under-

standing of the article. To view digital features

for this article, go to https://doi.org/10.6084/

m9.figshare.13182854.

INTRODUCTION

Chronic non-cancer pain affects about 20% of

the population and represents one of the most

frequent conditions presenting in general prac-

tice. Despite this high prevalence and the asso-

ciated burden for patients and society, it is often

treated inadequately [1, 2]. Management repre-

sents a challenge due to its prevalence and

complexity. It can be nociceptive, neuropathic,

or mixed pain that persists after an injury has

healed or is associated with an ongoing chronic

condition. Central pain modulation is altered in

a subset of patients, resulting in central sensi-

tization [3].

Lack of training in pain medicine among

healthcare professionals can hinder optimal

management of chronic pain [4–6]. Effective

pain management requires identification of the

type of pain (Box 1) and underlying mecha-

nism, as described in the accompanying article

[7]. Once the pain generator is identified, a

therapeutic approach appropriate for the nature

and severity of the pain can be applied. Treat-

ment decisions must respect patient preferences

and consider the patient’s medical status, con-

traindications to specific therapies, or comor-

bidities that could increase the risk of side

effects. The first-line treatment for many types

of chronic pain includes exercise and psy-

chosocial education. Effective management

may require multimodal treatment and/or

titration to higher doses or more effective

therapies.

The present article covers pharmacological

therapy for chronic non-cancer pain in the

primary care setting with the aim of improving

treatment decisions based on the underlying

pain mechanisms and pain neuroscience.

This article is based on previously conducted

studies and does not contain any new studies

with human participants or animals performed

by any of the authors.

BOX 1. MAJOR PAIN TYPES

Nociceptive pain—pain that results from

stimulation and firing of pain receptors on

somatic nerve fibers associated with a chemical,

mechanical, or thermal insult.

Neuropathic pain—Neuropathic pain–pain

that results from a lesion or disease of the cen-

tral or peripheral nervous system. It is charac-

terized by both positive symptoms (such as

paraesthesia, dysaesthesia, burning, sensation

of electric discharge, involving pain from ecto-

pic firing evoked by mechanical, thermal,

inflammatory or ischemic factors) and negative

symptoms (sensory deficits) that have a ‘‘neu-

roanatomically plausible’’ distribution.

Mixed pain—pain that results from partial

lesion of a nerve fiber, such that ectopic firing

produces positive symptoms with a ‘‘neu-

roanatomically plausible’’ distribution in the

absence of sensory deficits. ‘‘Mixed’’ because

inflammation of surrounding tissues evokes the

ectopic firing.

Central sensitization—amplification of pain

signal transmission due to altered pain modu-

lation that causes expansion of the area where

pain is perceived and pain hypersensitivity

(hyperalgesia and secondary allodynia).

MANAGEMENT

Drugs Acting on Peripheral Sensitization

Corticosteroids are powerful anti-inflammatory

agents that inhibit the expression of genes

encoding a host of proinflammatory factors,

including cytokines and chemokines, receptors,

adhesion molecules and enzymes, including

cyclooxygenase-2 (COX-2). Expression of these

genes is activated by proinflammatory tran-

scription factors, in particular nuclear factor-jB
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(NF-jB) [8]. Corticosteroids inhibit NF-jB. Cor-

ticosteroids do not appear to influence the

expression of COX-2 in endothelial cells, where

expression is controlled by blood fluid

mechanical stimuli [9]. Agents that inhibit

COX-2 in endothelial cells are associated with

increased cardiovascular risk. Therefore, corti-

costeroids may have lower risk for cardiovascu-

lar events in the patient with ischemic risk;

nevertheless, they are associated with a risk of

metabolic decompensation and could be detri-

mental in patients with heart failure.

Nonsteroidal anti-inflammatory drugs (NSAIDs)

block the production of prostanoids, by inhibit-

ing cyclooxygenase enzymes 1 and/or 2 (COX-1,

COX-2) [10]. COX-1 is expressed constitutively

in many tissues including gastric mucosa where

it produces cytoprotective prostaglandins. In

immune system cells, COX-2 is not expressed

constitutively, but is induced in inflamed tissues,

where it produces prostaglandins that lower the

pain threshold of sensory neurons, causing

hyperalgesia. COX inhibitors are distinguished

by their isozyme selectivity, which can be

expressed as the ratio of their IC50 for COX-1/

IC50 for COX-2 (Fig. 1). COX inhibitors reduce

inflammation, fever, and pain, but also reduce

the production of prostacyclin (PGi) in

endothelial cells. PGi is a potent antiplatelet

molecule that counteracts the action of throm-

boxane A2 (TXA2) and plays an essential

antithrombotic role. Thus, all NSAIDs, with the

possible exception of acetylsalicylate, can

potentially increase ischemic cardiovascular risk.

On theother hand, non-selectiveCOX inhibitors

block the activity of gastric COX-1, which is

responsible for producing the prostanoids that

stimulate bicarbonate and mucus production,

thereby increasing the risk of GI lesions.

COX-2 inhibition and pain—COX-2 is a key

player in inflammation and pain and agents

that target it are first-level drugs for inflamma-

tory nociceptive pain. The main pharmacolog-

ical determinant among their anti-

inflammatory and analgesic properties is not

their selectivity, which mainly relates to adverse

gastric events, but their COX-2 inhibition.

Indeed, diclofenac, a non-selective COX-2

inhibitor, has the greatest activity not only for

reducing pain but also for improving levels of

physical functioning [11]. NSAIDs are available

in a variety of formulations including immedi-

ate acting and prolonged release formulations

that allow once daily administration.

Drugs Acting on Nerve Fibers

In neuropathic pain, damage to nerve fibers

causes an increase in the number and type of

sodium channels in the lesioned fiber, accom-

panied by a lower discharge threshold,

enhanced response, and spontaneous ectopic

discharges [12]. This condition increases the

number of presynaptic calcium channels on

neurons in the injured fiber, increasing

excitability and the release of neurotransmitters

[13]. Moreover, inhibitory systems are less

active, contributing to increased excitability of

the second neuron, which may also undergo

receptor modifications. These events make

neuropathic pain difficult to control. Therapies

with drugs that work on these targets, such as

the gabapentinoids and tricyclic antidepres-

sants, may improve outcomes. Neuropathic

pain can result from several non-mutually

Fig. 1 Potency of NSAIDs in inhibiting COX-1 and
COX-2 enzymes. Concentrations required to inhibit the
activity of cyclooxygenase-1 (COX-1) and cyclooxygenase-
2 (COX-2) by 50% (IC50). Reproduced with permission
from figure from Patrignani P, Patrono C. Cyclooxygenase
inhibitors: From pharmacology to clinical read-outs.
Biochim Biophys Acta. 2015;1851(4):422–32
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exclusive mechanisms. A better understanding

of the underlying pathophysiological mecha-

nisms may facilitate further stratification of

patients and tailoring of treatment to their

specific conditions [14, 15]. Uncontrolled neu-

ropathic pain should be referred to a pain spe-

cialist, especially if pain is severe, substantially

limits daily activities, or when underlying

health conditions have deteriorated [16].

Drugs Blocking Voltage-Gated Sodium

Channel

The blockade of voltage-gated sodium channels

interferes with the propagation of action

potentials along nociceptive fibers. Their use is

especially indicated in neuropathic pain, in

which high-frequency ectopic discharges origi-

nate from the lesioned fibers. These drugs gen-

erally belong to anticonvulsant or

antiarrhythmic therapeutic classes and include

carbamazepine, oxcarbazepine, or lidocaine

[17]. Carbamazepine is indicated in trigeminal

pain. The rapid release formulation 200 mg bid

should be used. When discontinuing therapy,

patients should gradually reduce their dosage to

reduce the risk of withdrawal symptoms. Lido-

caine is available as a transdermal patch that is

indicated for post-herpetic neuralgia [18].

Drugs Acting on Voltage-Gated Calcium

Channels

Voltage-gated calcium channels are widely dis-

tributed in the CNS. In the dorsal horn of the

spinal cord, they are localized on the presy-

naptic terminal of the afferent fibers, where

they control synaptic glutamate release, that in

turn activates second-order neurons. They con-

tain an accessory a2d subunit that anchors the

channel to the extracellular matrix and regu-

lates receptor turnover [19]. Normal turnover

involves internalization of receptors from the

plasma membrane and insertion of new mole-

cules from inside the cell. In neuropathic pain,

modification of the extracellular matrix pre-

vents the normal internalization and removal of

channels from the plasma membrane; their

subsequent accumulation causes aberrant

release of glutamate.

Gabapentinoids, also known as a2d ligands,

promote the internalization of calcium chan-

nels by binding to their accessory a2d subunits

[20]. Therefore, these drugs act, not by directly

inhibiting voltage-gated calcium channels, but

by normalizing calcium channel turnover [21].

By reducing channel accumulation on the

plasma membrane, they reduce the spinal

hyperexcitability that occurs, for example, in

diabetic neuropathy. Their effect requires time

to develop and must be tapered at discontinu-

ation. The most common agents are gabapentin

and pregabalin. These are not metabolized and

undergo renal elimination. Side effects may be

apparent at high doses, and a recent Drug Safety

Communication from the US FDA warns about

serious breathing problems when administered

with CNS depressants or in patients with lung

problems [22]. Mirogabalin, an emerging a2d

ligand approved in Japan for neuropathic pain,

has increased selectivity and slower dissociation

rates for the a2d-1 subunit compared to the a2d-2

subunit, which may lead to fewer central ner-

vous system adverse effects and increased anal-

gesic potency [23].

Gabapentinoids are not used for nociceptive

pain, because there is no accumulation of cal-

cium channels. Regarding mixed pain, theoret-

ically they could be used to address the

neuropathic component; however, targeting

the stimulatory inflammatory factors in mixed

pain is often more effective.

Drugs Affecting Spinal Transmission

and Central Sensitization

Paracetamol has antipyretic and analgesic effects

but is not an anti-inflammatory agent. It has

only central analgesic effects mediated by its

active metabolite N-arachidonoyl-phenolamine

(AM404), which forms in the CNS and acts as an

anandamide reuptake inhibitor in the dorsal

horn of the spinal cord [24]. It should be con-

sidered a first-level agent for reducing pain

transmission at the spinal level. Intravenous

administration provides more effective analge-

sia because it rapidly achieves high CNS levels
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of AM404 [25]. Paracetamol is indicated in

monotherapy in the absence of significant

inflammation, such as in noninflammatory

muscle fatigue pain; otherwise, it should be

administered in combination with an anti-in-

flammatory; fixed-dose combinations are avail-

able. It is not effective for primary

(inflammatory) allodynia but may relive sec-

ondary allodynia (central sensitization). Com-

binations with opioids benefit in terms of

improved tolerability from the antiemetic

cannabinoid effect provided by AM404 [26].

Benzodiazepines enhance the activity of the

inhibitory neurotransmitter gamma-aminobu-

tyric acid (GABA). Benzodiazepines are not

indicated in pain management; however, clon-

azepam is efficacious in some patients with

central sensitization [27], for which it has been

used off-label.

Opioids are very effective central analgesics.

Opioid receptors are inhibitory G protein-cou-

pled receptors (GPCRs) for endogenous opioids

[28]. The opioids commonly used in pain

management act at l-opioid receptors, which

are present at high concentrations in areas at

the interface between the ascending pain path-

way and descending inhibitory pathway (the

superficial dorsal horn of the spinal cord, peri-

aqueductal gray, locus coeruleus, rostral ven-

tromedial medulla). On the presynaptic afferent

terminals of sensory neurons, l-opioid receptor

activation blocks voltage-gated calcium chan-

nels, inhibiting the release of excitatory neuro-

transmitters and blocking transmission,

whereas on postsynaptic secondary neurons it

opens potassium channels, causing hyperpo-

larization and reducing neuronal excitability

[29]. Therefore, by analogy, it renders the

afferent sensory neuron mute and the second-

order neuron deaf.

Given their important side effects, they

should be administered following established

criteria, for example the CDC checklist for pre-

scribing opioids for chronic pain [30]. They can

be administered as immediate-release (short-

acting) formulations that have relatively rapid

onset and a short duration of effect that is

essential during the initial trial period (titra-

tion). Patents should be reassessed after 3 days

to determine response and tolerability.

Common side effects include constipation,

drowsiness, and confusion.

Individual differences exist among patients

in their propensity to develop tolerance, sensi-

tization, or hyperalgesia with opioids [31]. The

rate of opioid metabolism (CYP3A4 and

CYP2D6) can also vary widely, with important

impact on their effectiveness [32]. To reduce

opioid-induced constipation, they may be

combined with oral administration of the

competitive opioid receptor antagonist nalox-

one, which blocks opioid receptors in the

intestine but is subject to extensive hepatic first-

pass metabolism [33].

Dual-acting opioid analgesics are weak l-opi-

oid receptor agonists that also increase central

synaptic monoamine neurotransmitter levels

[34]. Tramadol is a weak l-opioid receptor ago-

nist that also inhibits serotonin and nore-

pinephrine reuptake [35]. Its activity on opioid

receptors is attributed to the major active

metabolite desmethyltramadol. Tapentadol is

another opioid analgesic with a dual mode of

action, working both as an opioid receptor

agonist and as a norepinephrine reuptake inhi-

bitor [36], with little effect on serotonin reup-

take [37]. Its activity on opioid receptors is

attributed to the parent molecule, therefore

metabolism is not required (i.e., it is not a pro-

drug). Both drugs have a rapid onset of activity.

Drugs Acting on the Inhibitory

Descending Pathways

Antidepressants (tricyclic antidepressants and

serotonin noradrenaline reuptake inhibitors)

are often used to treat chronic pain [38, 39].

Amitriptyline is a tricyclic serotonin and nora-

drenalin reuptake inhibitor that potentiates the

descending inhibitory pathway and blocks

sodium channels, making it effective for neu-

ropathic pain. It has a rapid effect on pain,

especially when an immediate release formula-

tion is used. Dosages below the standard 25 mg

can be effective for pain. Several partially

selective serotonin and norepinephrine reup-

take inhibitors (e.g., duloxetine, venlafaxine,

desvenlafaxine) are also used for neuropathic

pain [40]. When administered at low doses,
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these agents are somewhat selective for sero-

tonin, whereas at high doses they inhibit also

norepinephrine reuptake.

Acetyl-l-carnitine—Metabotropic glutamate

receptors 2 (mGluR2) are expressed on the

presynaptic membrane of the afferent nocicep-

tive fibers in the spinal cord. They are activated

by glutamate released from the same fiber on

which they are expressed (autoreceptors) and

block voltage-gated calcium channel, thus

reducing further glutamate release through

negative feedback. They may be considered a

physiological ‘‘brake’’ to control spinal synapse

activity [41]. Acetyl-L-carnitine increases

mGluR2 expression through an epigenetic

effect on mGluR2 gene transcription [42]. The

epigenetic effect has a slow onset; therefore, to

enhance the effect, acetyl-L-carnitine is initially

administered via intramuscular injections for

10 days to bypass hepatic de-acetylation [43];

this is followed by oral maintenance therapy.

The effect is long lasting, even after

administration is stopped [44]. It is generally

administered in combination with other agents.

In addition to its analgesic effect, it has neu-

rotrophic and neuroprotective effects.

Drugs Acting on Muscle Contraction

Skeletal muscles are widely innervated by noci-

ceptive fibers that are specialized in sensing low

pH (i.e., acidosis). Protons that accumulate

during muscular activity can directly stimulate

acid-sensing ion channels (ASICs) causing pain

[45]. In muscle contracture, sustained contrac-

tion provokes ischemia, which causes low tissue

pH and provokes pain, even in the absence of

inflammation.

Skeletal Muscle Relaxants

Myofascial trigger points—a limited area of

contracted ischemic muscle that is painful to

Fig. 2 Analgesics and pathogenetic mechanisms
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touch or press and provokes both local and

referred pain. This area of ischemia has low pH

that maintains the contraction in a vicious

cycle. Anti-inflammatory drugs have no effect

on this phenomenon. Often mistaken for other

conditions, trigger points may respond to

strong mechanical manipulation or dry need-

ling [46].

For extensive muscle contracture, muscle

relaxation should always be carried out to

relieve the ischemia. Contraction is provoked

by discharge of both alpha and gamma motor

neurons. In a recent review, muscle relaxants

have proven clinically significant pain relief

compared with placebo for acute low back pain

[47]. In addition, the ACP guidelines recom-

mend them as the first pharmacological line

together with NSAIDs [48]. There is no level I

evidence supporting the efficacy of benzodi-

azepines in people with low back pain [47], but

they can be effective for some severe muscle

spasms, for which they must be administered

intramuscularly.

Tizanidine, an imidazoline derivative, is a

central-acting noradrenergic alpha-2 receptor

agonist that blocks the release of excitatory

amino acids like glutamate and aspartate from

spinal interneurons and increases presynaptic

inhibition of motor neurons with the greatest

effect on spinal polysynaptic pathways [49]. The

overall effect of these actions is thought to

reduce the facilitation of spinal motor neurons.

Eperisone relaxes skeletal muscles by reducing

muscle spindle sensitivity via c-motor neurons;

furthermore, it antagonizes calcium channels on

vascular smooth muscle cells, increasing blood

flow in the contracted muscles and improving

oxygenation, and has muscular sympatholytic

actions. Eperisone also blocks voltage-dependent

sodium channels on the nerve fibers, providing

an antinociceptive effect. It is associated with a

lower incidence of sedation than tizanidine [50].

Thiocolchicoside is another widely used mus-

cle relaxant. Its mechanism of action is highly

controversial. Molecular studies have shown

that it antagonizes GABAa and glycine

Fig. 3 Pain type and multimodal therapy: criteria for choosing and list of appropriate drug therapies
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receptors, giving it a pharmacodynamic profile

that is exactly the opposite of what is expected

for a muscle relaxant [51]. One pharmacological

hypothesis to explain the muscle relaxant effect

is that thiocolchicoside may act at the

supraspinal level, through an unknown mech-

anism. It must be administered with caution,

because it is neurotoxic and teratogenic [52]. Its

use is restricted to low-dose therapy of short

duration for painful muscle contractures [53].

Combination Therapy

Polypharmacy is justified by the complex nature

of pain. For example, the therapeutic targets in

neuropathic pain include suppressing external

mechanical, inflammatory, and/or ischemic

stimuli, blocking sodium channels, normalizing

calcium channel numbers, and potentiating the

descending inhibitory pathway. When admin-

istering more than one therapy, drugs with

different mechanisms of action should be used.

The use of combinations allows lower drug

doses, which may reduce the incidence of dose-

dependent side effects. Consider the benefits

and risks of each drug. Titrate their dosages to

achieve pain relief while minimizing side

effects. Monitor efficacy and side effects and

allow appropriate time for response to develop,

especially for neuropathic pain.

APPLICATIONS

Choose the analgesic strategy based on the pain

type and severity, combined with a thorough

assessment of comorbidities and other medica-

tions that the patient is receiving. Assess whe-

ther sensitization is present. Peripheral

sensitization is present when normally painless

contact (primary allodynia) within the painful

area causes discomfort or pain; spinal sensiti-

zation (secondary allodynia) is present when

gentle brush strokes in and adjacent to the

painful area provoke discomfort or pain [7]. See

Fig. 2 for a summary of pain mechanisms and

corresponding treatment strategies. Figure 3

provides a list of appropriate treatments

according to pain type. The choice of drug and

dosage must be based on the severity and type

of pain.

Figure 4 outlines treatment courses accord-

ing to pain type. In principle, the treatments are

organized stepwise from non-opioid analgesics

through weak opioids and finally strong opi-

oids; however, the starting point depends on

careful assessment of pain severity. Pain associ-

ated with some conditions may respond differ-

ently to treatment. A recent Cochrane review

indicated with moderate quality evidence that

tramadol, alone or in combination with parac-

etamol or NSAIDs, does not have an important

effect on pain or physical function in moderate-

to-severe osteoarthritis of the knee or hip [54].

Thus, in this setting, an appropriate level 1

treatment might start with an anti-inflamma-

tory plus a more potent analgesic combination

(Fig. 4).

CONCLUSIONS

Recent developments in pain pathophysiology

are changing the pharmacological approach to

pain management. The possibility of identify-

ing the pain generators and the pathogenetic

mechanisms of pain can inform the rational

choice of appropriate drugs. A properly con-

ducted clinical examination can distinguish

between nociceptive, neuropathic, and mixed

pain. The Italian Society of General Medicine

and Primary Care (SIMG) has developed an

algorithm for identifying the pathogenetic

mechanisms of pain [7]. The multimodal ther-

apy approach described in this article aims to

control each of the pain mechanisms identified.

This is achieved through the appropriate use,

when indicated, of drugs that act peripherally

on nociceptors (NSAIDs and corticosteroids), at

the level of nerve fibers (sodium channel inhi-

bitors) or at the synaptic level (paracetamol,

opiates, a-2d ligands, antidepressants, acetyl-L-

carnitine).
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