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Abstract

Postsurgical dental pain is mainly driven by inflammation, particularly through the generation of prostaglandins via the cyclooxygenase
system. Thus, it is no surprise that numerous randomized placebo-controlled trials studying acute pain following the surgical extraction of
impacted third molars have demonstrated the remarkable efficacy of nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen,
naproxen sodium, etodolac, diclofenac, and ketorolac in this prototypic condition of acute inflammatory pain. Combining an optimal
dose of an NSAID with an appropriate dose of acetaminophen appears to further enhance analgesic efficacy and potentially reduce
the need for opioids. In addition to being on average inferior to NSAIDs as analgesics in postsurgical dental pain, opioids produce a
higher incidence of side effects in dental outpatients, including dizziness, drowsiness, psychomotor impairment, nausea/vomiting, and
constipation. Unused opioids are also subject to misuse and diversion, and they may cause addiction. Despite these risks, some dental
surgical outpatients may benefit from a |- or 2-d course of opioids added to their NSAID regimen. NSAID use may carry significant risks
in certain patient populations, in which a short course of an acetaminophen/opioid combination may provide a more favorable benefit

versus risk ratio than an NSAID regimen.
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Introduction—We Have a Problem

The prescription opioid misuse and abuse crisis put a bullseye
on organized dentistry, with dentists previously having the
dubious rank of #2 of all health care professionals prescribing
these potentially addicting drugs (Denisco et al. 2011). More
recently, our rank has fallen to the fifth most frequent prescrib-
ing group, which, while an improvement, remains a significant
concern for the profession (Hersh et al. 2018).

A young adult’s first exposure to immediate-release opioid
combinations containing acetaminophen plus codeine (i.e.,
Tylenol #3), hydrocodone (i.e., Vicodin), or oxycodone (i.e.,
Percocet) often occurs following the surgical removal of their
impacted third molar teeth (Schroeder et al. 2019).
Approximately 60-70% of these prescriptions are written by
oral and maxillofacial surgeons (Gupta et al. 2018), while
patients are still numb, and usually prescribed for the worst-
case scenario (Moore et al. 2016), even when concomitant
nonsteroidal anti-inflammatory drugs (NSAIDs) are the pri-
mary analgesic prescribed (Maughan et al. 2016). A significant
number of these immediate-release opioid pills remain unused,
setting the stage for diversion and misuse (Denisco et al. 2011;
Maughan et al. 2016). One recent study reported a significantly
higher rate of opioid abuse diagnosis 3 to 12 mo after dental
surgical patients were given prescriptions for immediate-
release opioid formulations (5.8%) compared to those that
were not (0.4%) (Schroeder et al. 2019). Shockingly, a survey

of nearly 50,000 high school students revealed that between
2001 and 2005, 10% to 11% of 12th graders admitted to exper-
imenting with Vicodin (Friedman 2006).

This article will review the distinct mechanisms of action of
NSAIDs and opioids, the evidence-based data clearly
indicating that NSAIDs should be “the first-line analgesics”
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Figure |. Peripheral and central pain and pain control neuronal pathways. Pain-sensitizing (prostaglandins) and pain-provoking (histamine, bradykinin,
and adenosine triphosphate [ATP]) molecules generated or released from damaged tissue from the impacted third molar surgical site induce
depolarization and action potentials of A delta and C fiber free nerve endings (damaged tissue panel). These action potentials travel through these nerve
fibers (shown in orange) toward the central nervous system (CNS) through the trigeminal ganglion (TG) entering the CNS at the level of the pons.

The fibers then descend on the ipsilateral side to the medulla where they make their first synapse with the second-order neuron (shown in blue). The
influx of calcium at the central terminal of the first-order neuron causes the release of peptides, including substance P, calcitonin gene-related peptide
(CGRP), and the amino acid glutamate (caudal medulla panel), which depolarizes the second-order neuron, which crosses to the contralateral side of the
medulla. These nerve fibers ascend to higher levels of the CNS, including the thalamus, where they synapse with third-order neurons. These third-order
neurons then send projections to the cerebral cortex, where the pain suffering is perceived, and to other regions of the CNS such as the hippocampus
(not shown in diagram). Pain-reducing neuronal pathways (shown in purple) originate in midbrain and descend and synapse, releasing norepinephrine
(NE) or serotonin (5-HT) with enkephalinergic interneurons. The enkephalinergic interneurons subsequently synapse on the central terminal of the
primary afferent neuron and the dendrites of the second-order neuron with the neuropeptides met and leu enkephalin being released. It is thought that
enkephalins induce a reduction of calcium influx in the first-order neuron and an enhancement of potassium efflux at the second-order site, resulting in a
reduction of substance P, CGRP, and glutamate release in the former and hyperpolarization of the latter. lllustration by Brittany C. Bennett, MA.

for acute postprocedural dental pain, strategies to reduce the
use of potentially addicting opioid analgesics, and emerging
research that may help predict an individual’s analgesic
response to NSAIDs before the surgical procedure.

Mechanisms of Postsurgical Dental Pain
and Its Relationship to Analgesic Efficacy

Dental postsurgical pain is mainly driven by inflammation,
with cyclooxygenase-derived prostaglandins being key sensi-
tizers of free nerve ending to other mediators of pain such as
histamine, bradykinin, adenosine triphosphate (ATP), and low
pH (Chen et al. 2013; Ji et al. 2016; Fig. 1). These free nerve
endings also express other receptors such as transient receptor
potential vallinoid (TRPV) ion channels, voltage-gated sodium
(Na,) and calcium (VGCC) channels, and acid-sensing ion
channels (ASICs) besides those specific for sensitizing or pain-
provoking mediators. Activation of these receptors generates
action potentials that travel along thinly myelinated A delta or

unmyelinated C fibers, which make synaptic connections to
second-order neurons in the dorsal horn of the spinal cord (Fig.
1). Chemicals released from the central terminals of free nerve
endings include substance P and the excitatory amino acid glu-
tamate, which cause the second-order neurons to depolarize
and generate their own action potentials (Chen et al. 2013;
Grosser et al. 2017; Raffa et al. 2017). Eventually, synaptic
connections with supraspinal third-order and fourth-order neu-
rons that reside in the thalamus, hippocampus, and cerebral
cortex result in the physiologic aspects and emotional compo-
nents of the pain response.

While the surgical trauma of third molar removal involves
both soft tissue and bone, the wound surface is relatively small
compared to other medical surgical procedures. However, a
marked increase in prostaglandins can be measured both locally
(Roszkowski et al. 1997; Gordon, Brahim, Rowan, et al. 2002)
and systemically (Theken et al. 2019). The generation of pros-
taglandins and other pain-sensitizing or pain-provoking mediators
in the central nervous system (CNS) also augments pain trans-
mission (Chen et al. 2013; Ji et al. 2016; Grosser et al. 2017;
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Fig. 1). Since traditional NSAIDs block both cyclooxygenase
isoforms (COX-1 and COX-2) and the ultimate generation of
prostaglandins (Vane and Botting 1995), the remarkable effi-
cacy and safety of currently marketed NSAIDs from a mecha-
nistic standpoint in treating postsurgical dental pain should not
be surprising.

While it is now appreciated as overly simplistic to classify
COX-1 as solely the constitutive COX isoform responsible for
producing prostaglandin products involved in many homeo-
static processes such as gastrointestinal (GI) cytoprotection
(i.e., PGE,) and platelet aggregation (i.e., thromboxane A,),
and COX-2 as solely the upregulated isoform producing pros-
taglandin products involved in pain and inflammation (i.e.,
PGE, and prostacyclin), it is still a good way to “pigeonhole”
NSAIDs with regard to physiological activity and potential
adverse effects (Hersh et al. 2005; Fig. 2). For example, ketor-
olac, being approximately 300-fold more selective at blocking
COX-1 versus COX-2, is the most ulcerogenic of all marketed
NSAIDs, and this explains why it is only employed for acute
pain of no more than a 5-d duration. By contrast, celecoxib is
approximately 8-fold selective for blocking the COX-2 iso-
form and has often been employed for chronic inflammatory
conditions such as osteoarthritis because of its lower risk of GI
ulcerations and bleeds compared to traditional NSAIDs such as
naproxen. However, celecoxib with chronic use carries a
higher risk of precipitating myocardial infarctions and strokes,
particularly in patients with preexisting cardiovascular mor-
bidities. Its relatively unopposed COX-2 blockade dampens
the vasodilatory and antiplatelet effects of prostacyclin while
allowing the COX-1 product thromboxane A, to exert its pro-
aggregatory and vasoconstrictive effects (Fig. 2). More detailed
descriptions of NSAID mechanisms and COX isoforms can be
found in other publications (Chen et al. 2013; Ji et al. 2016;
Grosser et al. 2017).

Acetaminophen is a relatively weak inhibitor of both cyclo-
oxygenase enzymes that, unlike ibuprofen, naproxen, or diclof-
enac, does not block the substrate binding channel of the
enzymes but disrupts electron transfer within the catalytic cen-
ter (Aronoff et al. 2006). This feature may allow acetamino-
phen to work more downstream than traditional NSAIDs in the
arachidonic acid/cyclooxygenase cascade. It is this mechanis-
tic difference in biochemical inhibition of the cyclooxygenase
enzyme that provides the rationale for combining ibuprofen
with acetaminophen to produce a synergistic effect (Mehlisch
et al. 2010; Daniels et al. 2011). There may also be additional
central mechanisms contributing to the actions of this drug,
including the activation of cannabinoid or descending seroto-
nergic systems (Moore and Hersh 2013).

The actions of opioid analgesic medications resemble those
of endogenous opioid peptides—namely, endorphins, enkeph-
alins, dynorphins, and endomorphins (Raffa et al. 2017)—and
these peptides show some preferential binding to specific opi-
oid receptors: p, B-endorphin; 8, enkephalins; and «, dynor-
phin (Benarroch 2012; Stein 2016). They are located throughout
the CNS, on peripheral nociceptors, and in intestinal smooth
muscle (Benarroch 2012). A fourth receptor has recently been
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Figure 2. Some physiologic roles of cyclooxygenase (COX) isoforms
and their products. Note the opposing cardiovascular effects of COX-1
and COX-2 products. Ketorolac, being 300-fold more selective for
blocking COX-1, has a higher potential than other nonsteroidal anti-
inflammatory drugs (NSAIDs) of inducing gastrointestinal (Gl) bleeding
and ulceration. Celecoxib, by being 8-fold selective for blocking COX-2,
produces less Gl toxicity but greater cardiovascular risk than other
NSAIDs. With permission from Hersh et al. (2005).

described and termed the ORL-1 or “opioid receptor-like”
orphanin receptor (Dietis et al. 2011), where its upregulation
may play an important role in the recently described phenom-
ena of opioid-induced hyperalgesia, when patients legiti-
mately or abusively on chronic opioids exhibit lower
thresholds to pain stimuli (Colvin et al. 2019). Major mecha-
nisms of action of both endogenous and exogenous opioids
include an inhibition of substance P and excitatory amino acid
release from the primary afferent neuron in the dorsal horn of
the spinal cord and the medulla, hyperpolarization of central
postsynaptic neurons via enhanced potassium efflux, and acti-
vation of descending analgesic pathways that release endoge-
nous opiates, norepinephrine, and serotonin in various
locations in the CNS (Fig. 1). Peripheral opioid receptors are
also transiently upregulated in the presence of inflammation.
This process depends on both neuronal activity and the pro-
duction of proinflammatory cytokines, nerve growth factor,
and bradykinin (Benarroch 2012; Stein 2016). Thus, the free
nerve endings themselves may represent an additional site of
both endogenous and exogenous opioid analgesic action,
although their expression in the periphery is probably more
clinically relevant with chronic inflammatory pain and not
acute postsurgical dental pain.

A Look at the Data

The fact that NSAIDs should be highly effective in treating
pain after the surgical removal of impacted third molars
because of the inflammatory nature of the pain is supported by
the analysis of 460 randomized clinical trials involving about



780

Journal of Dental Research 99(7)

1.4 =

Acetaminophen 1000+
Oxycodone 10 mg (n = 45)

1.2 =

1.0 =

Acetaminophen 1000 +
Oxycodone 5 mg (n = 40)

0.8 =

Acetaminophen 500 +
Oxycodone 5 mg (n = 45)

0.6 =

Acetaminophen 500 (n = 37)

Pain Intensity Difference

0.4 =

Oxycodone 5mg (n = 42)

0.2 =

Placebo (n = 38)

0.0 T T T 1

0 1 2 3 4
Time (h)

Figure 3. Time-action curves of mean pain intensity difference scores following dental impaction
surgery. Pain intensity was scored as 0 = none, | = slight, 2 = moderate, and 3 = severe. Pain
intensity difference scores are calculated as baseline pain intensity minus the pain intensity at that
time point following study drug administration. Research patients were not allowed to ingest
study medication until their pain had reached a moderate (2) or severe intensity (3). Adapted with
permission from Cooper et al. (1980).
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Figure 4. Time-action curves of mean pain relief scores of various treatments following dental
impaction surgery. Research patients were not allowed to ingest study medication until their pain
had reached a moderate or severe intensity. Pain relief after study drug intake was scored as 0 =
none, | = alittle, 2 = some, 3 = a lot, and 4 = complete. Adapted with permission from Cooper
etal. (1982).

Giglio and Campbell 1986; Hersh et al.
1993, 2000, 2004; Dionne et al. 1994,
Kiersch et al. 1994). However, the trans-
lation of this information to clinical
practice has been exceedingly slow and
fraught with resistance to relinquishing
traditional practices (Moore and Hersh
2013). Unfortunately, it is often state
regulations, most recently the manda-
tory use of prescription drug monitoring
programs (PDMPs), that ultimately
drive dental professionals to more ratio-
nal pharmacotherapeutic decisions with
regard to acute pain control (Rasubala et
al. 2015) and not evidence-based data,
the majority of which has been in the
literature for decades.

Until recently, immediate-release
opioid combinations also containing
acetaminophen were “the reflexive
choice” by a majority of practitioners to
control pain after the removal of
impacted third molar teeth (Moore et al.
2006). The most commonly employed
opioids were oxycodone, hydrocodone,
codeine, and tramadol, with 85% of oral
surgeons responding that they “almost
always” prescribed opioids following
this procedure (Moore et al. 2006).
While recent research suggests that
these drugs may possess a peripheral
anti-inflammatory effect that is distinct
from COX inhibition (Benarroch 2012;
Stein 2016), as single entities (not com-
bined with acetaminophen or ibupro-
fen), they perform miserably in the
control of postsurgical dental impaction
pain (Cooper et al. 1980, 1982; Mehlisch
1998), with 5 mg oxycodone being
equianalgesic to an over-the-counter
(OTC) dose of acetaminophen 500 mg
(Cooper et al. 1980; Fig. 3) or no better
than placebo (Van Dyke et al. 2004),
60 mg of codeine being inferior to aspi-
rin 650 mg (Cooper et al. 1982; Fig. 4),
and tramadol 100 mg only marginally
more effective than placebo (Mehlisch
1998). In fact, even an orally adminis-
tered 60-mg dose of immediate-release
morphine (which is twice the typical
dose employed for break-through can-
cer pain in an opioid-naive patient) is

50,000 patients undergoing third molar extractions (Moore inferior to ibuprofen 400 mg in this acute pain model (Kleinert

et al. 2015b). Many of these studies can be considered land- et al. 2008).

mark investigations in the evaluation of analgesics for acute While it is beyond the scope of this article to speak about
inflammatory pain (Cooper et al. 1977, 1982, 1989; Dionne each individual study in detail, a few will be highlighted here.
and Cooper 1978; Forbes et al. 1983; Cooper 1984, 1988; Cooper et al. (1982) were first to demonstrate that ibuprofen
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Figure 5. Numbers needed to treat (NNT) to obtain benefit and harm of selected analgesics. Benefit is defined as a patient reaching at least 50% of
the maximum theoretic total pain relief (TOTPAR) score, which is 16 (50% max = 8) or 24 (50% max = 12) in a 4- or 6-h study, respectively. Harm
is defined as a reported or observed side effect. Adapted from data presented by Barden et al. (2004), Derry et al. (2011), and Moore et al. (2015a,

2015b).

400 mg was at least as efficacious as aspirin 650 mg plus
codeine 60 mg, which is a full therapeutic dose of this combi-
nation (Fig. 4). The term full therapeutic dose is an important
concept because clinicians often prescribe suboptimal doses of
these opioid combination drugs. For example, common pre-
scriptions read “take one or two Tylenol #3s (acetaminophen
300 mg plus codeine 30 mg) as needed for pain.” Clinical
research reveals that in postsurgical dental pain, 1 Tylenol #3 is
actually slightly inferior to an OTC dose of 600 mg acetamino-
phen (Cooper 1984). So, the clinician may be compounding
the problem by prescribing a dose of this opioid combination
that is potentially addicting but not sufficient to relieve the pain
in a majority of patients. Meta-analysis data of randomized,
placebo-controlled dental impaction postsurgical pain trials
reveal a number needed to treat to achieve benefit (NNTB) of
between 4 and 10 (95% confidence intervals) for acetamino-
phen 300 mg plus codeine 30 mg. This means between 4 and
10 patients would need to be treated with this drug to obtain 1
patient with at least a 50% maximum total pain relief
(TOTPAR) score. TOTPAR is simply the sum of the individual
time-weighted pain relief scores at each observation point
where 0 = no pain relief, 1 = a little pain relief, 2 = some pain
relief, 3 = a lot of pain relief, and 4 = complete pain relief. In a
4-h study, this theoretical maximum for an individual patient
would be a 16 assuming that he or she reported complete pain
relief at each observation point. Therefore, in a 4-h study, a
TOTPAR score of at least 8 would need to be obtained to
declare that the individual benefited from the treatment (Barden
et al. 2004; Fig. 5). Mean NNTB represents a treatment-
specific effect and can be calculated as

100%

NNTB= - - .
% benefiting active treatment —

% benefiting placebo treatment

The best theoretical NNTB would be a 1, which never occurs
because 100% of research subjects would have to obtain ben-
efit from the active treatment, with 0% showing benefit from
the placebo treatment. Probably a maximum theoretical NNTB
of 1.25 is more realistic in dental postsurgical pain trials
because roughly 20% of placebo patients do obtain this benefit
(Hersh et al. 2004). Still, the lower the NNTB in these meta-
analyses, the more efficacious the analgesic. A number need to
treat to do harm (NNTH) is calculated by substituting the per-
centage being harmed (experiencing a side effect) by the active
treatment or placebo or

100%
% harmed from active treatment —

NNTH =

% harmed from placebo treatment

Moore et al. 2018). Figure 5 clearly shows that full therapeutic
doses of NSAIDs (ibuprofen 400 mg, naproxen sodium 550
mg, diclofenac 50 mg) are more efficacious than acetamino-
phen/codeine combinations, and combining ibuprofen with
acetaminophen appears to provide additional benefit beyond
the NSAID alone (Barden et al. 2004; Moore et al. 2015b). In
addition, Figure 5B demonstrates that the drugs with signifi-
cantly lower NNTHs than placebo are all immediate-release
opioid preparations (Moore et al. 2015a; Moore et al. 2018).
With these opioid preparations, the NNTB and NNTH are very
close to one other, meaning that for every patient experiencing
substantial pain relief, there is also likely to be one that also
experiences an adverse effect, certainly not indicative of a
favorable benefit to risk ratio.

When treating postsurgical dental pain, opioids only differ in
potency and not efficacy, where oxycodone 5 mg = hydroco-
done 10 mg = codeine 60 mg or tramadol 75 mg (Hersh et al.
2007), and none of these opioids, when used as the
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sole analgesic, demonstrate substantial efficacy in treating pain
following impacted wisdom teeth surgery (Cooper et al. 1980,
1982; Mehlisch 1998), again indicative of the inflammatory
nature of postsurgical dental pain. Only when these opioids are
combined with aspirin, acetaminophen, or ibuprofen and other
NSAIDs is substantial efficacy demonstrated and only when a
full therapeutic dose of acetaminophen or the NSAID is
employed (Cooper et al. 1980, 1982; Moore et al. 1998; Van
Dyke et al. 2004). Rapid dispersible or solubilized formulations
of NSAIDs provide greater blood levels and a more rapid time
to peak blood levels than equivalent doses of tablet formula-
tions (Hersh et al. 2000, 2004; Brain et al. 2015), which may
translate into enhanced efficacy (Fig. 5). However, the mar-
keted formulations of these entities have not been compared to
opioid combination drugs, one reason being that 2 of the widely
selling faster-acting ibuprofen formulations described above
(liquid gels and sodium film tabs) are solely distributed for
OTC use. OTC drug manufacturers are prohibited from making
marketing claims against prescription analgesics, so the appro-
priate studies comparing these rapid-release formulations of
NSAIDs to acetaminophen/opioid combination drugs are never
initiated or funded by the drug manufacturers.

Patterns of Use, Drug Interactions,
and Side Effects

Dental impaction surgery patients are almost always young
healthy adults, and analgesics are only needed for a maximum
of 3 to 5 d (Hersh et al. 1993). In fact, the clinical research
studies on the effectiveness and tolerability of analgesic agents
typically exclude patients with a variety of medical conditions
and drug intake (with the exception of contraceptive agents
and sometimes prophylactic antibiotics). However, young
healthy adults are not the only patient population taking
NSAIDs for postsurgical dental pain. These drugs should be
avoided in patients with aspirin- or NSAID-sensitive asthma
because the blockade of COX can shift the arachidonic acid
pathway toward the production of bronchoconstrictive and
proinflammatory lipoxygenase products (leukotrienes) in these
individuals, patients with true allergies to these drugs, patients
with a history of gastrointestinal ulcers, patients on oral antico-
agulants including warfarin and the non—vitamin K—dependent
novel anticoagulant drugs because of the additive antiplatelet
effects of NSAIDs, and patients taking lithium because
NSAIDs inhibit the active secretion of this widely employed
bipolar depression drug (Hersh et al. 2007; Hersh and Moore
2015). While working by completely different mechanisms, a
commonality between oral anticoagulants and lithium is their
low therapeutic index (Hersh et al. 2007; Hersh and Moore
2015). So NSAIDs that can increase free blood levels of these
drugs (i.e., warfarin and lithium) or have additive effects on
their pharmacodynamic action (i.e., anticoagulants) pose a
danger of inducing a serious adverse drug-drug interaction.
Thus, for some patients, acetaminophen/opioid combination
drugs are better choices than NSAIDs from a benefit versus
risk ratio.

While meta-analysis data reveal that short-term use of
NSAIDs (10 d or less), especially in the OTC dosage range, is
usually very well tolerated with patient-reported side effect
profiles no different from placebo (Kellstein et al. 1999; Bansal
et al. 2001), the same cannot be said for drugs containing opi-
oids. Drowsiness, dizziness, psychomotor impairment, nausea,
and vomiting are prominent with short-term use of these drugs
(Cooper et al. 1980; Zuniga et al. 2019). One recent study
reported a 21% incidence of vomiting with a 24-h course of
acetaminophen 325 mg plus hydrocodone 7.5 mg (Zuniga et al.
2019). Stimulation of the chemoreceptor trigger zone is respon-
sible for the emetic activity of opioids while most other adverse
effects can be explained by their generalized CNS depressant
effects. The well-described constipating effects of opioids are
mediated via stimulation of mu opioid receptors in the intesti-
nal tract, resulting in decreased peristalsis.

There are additional pharmacogenetic issues with codeine
and tramadol. Codeine is fully a prodrug or an inactive parent
molecule, while tramadol is partly one with regard to its phar-
macologic activity, and their demethylation (codeine to mor-
phine and tramadol to desmethyltramadol) via CYP2D6 is
important for their therapeutic and adverse event profile (Hersh
et al. 2007). So-called poor metabolizers of these drugs could
exhibit a reduced therapeutic effect while extensive metaboliz-
ers may exhibit an increased incidence of adverse events,
including respiratory depression reported in children, which
has resulted in the strongest US Food and Drug Administration
(FDA) warnings to avoid codeine and tramadol in patients
younger than 12 y and 18 y, respectively (US Food and Drug
Administration 2017).

A Few Words about Opioid Abuse
and Addiction

As stated early in this article, the first experience many patients
have with prescription opioids is following dental impaction
surgery, and they are often prescribed many excess pills, which
increases the risk of misuse, abuse, and addiction (Denisco
et al. 2011; Moore et al. 2016; Maughan et al. 2016). It has
been estimated that 85% to 90% of opioid-naive individuals
find the intake of these drugs to be unpleasant (Hersh et al.
2018) because of their side effects (Cooper et al. 1980; Zuniga
et al. 2019). However, up to 15% are at risk for misuse, abuse,
and addiction because of the euphoria they create. While the
major cause of death from opioid overdose is respiratory
depression, those recreationally consuming excessive amounts
of immediate-release acetaminophen/opioid combinations are
also at risk for permanent liver damage from the acetamino-
phen component—one reason why prescription opioid abusers
will transition to heroin (Hersh et al. 2018). One study showed
that those individuals who abuse prescription opioids are
40-fold more likely than the general public to be using inject-
able heroin the following year (Compton et al. 2016). Injectable
and inhaled heroin, while lacking the potential hepatoxic acet-
aminophen component, possesses an even greater risk than
oral opioids of unconsciousness, respiratory depression, and
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death because of the higher peak blood levels of opioid they
typically produce. Heroin also is frequently laced with more
potent synthetic opioids of the fentanyl class, which increases
the risk of severe adverse effects and death incalculably.

Opioid tolerance refers to the need of increasing quantities
of drug over time to get the same pharmacological effects,
whether they be therapeutic (analgesia) or toxic (respiratory
depression). In the case of opioids, tolerance is thought to be
pharmacodynamic in nature, involving a downregulation of
various opioid receptor subtypes. Interestingly, 2 physiologic
events produced by opioids where tolerance does not occur are
ability of these drugs to cause pupillary constriction (miosis)
and constipation (Raffa et al. 2017). Physical dependence
implies that upon abrupt discontinuation of the drug or expo-
sure to an antagonist of that drug (in this case naloxone or nal-
trexone), an abstinence or withdrawal syndrome will occur.
Withdrawal syndromes are always in the opposite direction of
the drug’s effect. Since opioids are CNS depressants, analge-
sic, and constipating and produce miosis, withdrawal is often
manifested by anxiety, elevated blood pressure, joint and mus-
cle pain, diarrhea, and pupillary dilation (mydriasis). The term
opioid addiction or psychological dependence has been
replaced by opioid misuse disorder by many in the field.
Individuals will knowingly behave in a way that is averse to
themselves or others to obtain the drug (i.e., criminal behavior
to obtain money to purchase the drug) or knowingly put them-
selves and others at risk after self-administrating the drug (i.e.,
sharing needles to inject heroin with the well-known risks of
contracting hepatitis B, hepatitis C, and human immunodefi-
ciency virus or, in our area of expertise, practicing dentistry
while impaired by alcohol, benzodiazepines, or opioids)
(Denisco et al. 2011). While it is well known that many drugs
of abuse induce euphoria via enhanced dopaminergic transmis-
sion in the brain (Raffa et al. 2017), the exact mechanisms
resulting in the tragic behavior patterns of opioid misuse
remain elusive, and a thorough discussion of this topic is
beyond the scope of the current article.

Beyond NSAIDs as Needed for Pain:
Additional Opioid-Sparing Strategies

Pivotal FDA phase 2 or phase 3 analgesic clinical trials typi-
cally explore the action of drugs during the worst-case
scenario—that is, waiting for the local anesthetic to dissipate
and then dose patients only when their pain intensity reaches a
moderate to severe level. “Chasing pain” is not the best way to
employ NSAIDs for more invasive surgical procedures (Moore
and Hersh 2013). Well-designed studies published more than
30 y ago have demonstrated that presurgical ibuprofen 400 mg
and flurbiprofen 100 mg significantly delayed the onset of
postoperative pain compared to placebo and acetaminophen
650 mg plus oxycodone 10 mg (2 Percocet), respectively
(Dionne and Cooper 1978; Dionne 1986). The rationale behind
this approach is to reach therapeutic blood levels of the NSAID
before the surgical trauma generates various prostaglandins.
NSAIDs inhibit prostaglandin synthesis but do not attenuate
the response to prostaglandins once they have been formed.

Their preemptive use either an hour before surgery or immedi-
ately after surgery when local anesthesia has yet to dissipate,
then prescribing around-the-clock for up to 3 d, represents an
optimal strategy to employ these drugs (Dionne and Cooper
1978; Moore and Hersh 2013). Combining ibuprofen 200 mg
and 400 mg with acetaminophen 500 mg or 1,000 mg, respec-
tively, enhances analgesic effectiveness compared to either
drug alone (Mehlisch et al. 2010; Daniels et al. 2011) and could
attenuate the need for an additional short course of an opioid
combination drug (Moore and Hersh 2013). However, we sug-
gest that the combination of ibuprofen 400 mg plus acetamino-
phen 1,000 mg be used with caution. While average pain relief
curves produced by this combination are in fact exceptional
(Mehlisch et al. 2010; Daniels et al. 2011), with durations of
effect in the 6- to 8-h range, individual patients within these
mean pain relief curves require rescue analgesic intake within
4 h. With multidosing typical after impacted third molar sur-
gery (Hersh et al. 1993), it is likely that supratherapeutic dos-
ing of acetaminophen would occur in some patients. Therefore,
it has been recommended that a maximum acetaminophen dose
of 500 mg be employed to limit potential hepatotoxicity when
combined with 400 mg to 600 mg ibuprofen (Moore and Hersh
2013).

The use of injectable 0.5% bupivacaine plus 1:200,000 epi-
nephrine at the completion of third molar surgery appears to
have a prolonged analgesic effect well beyond its duration of
action, possibly by reducing central sensitization caused by
afferent barrages of pain fibers (Gordon, Brahim, Dubner, et al.
2002). In this scenario, the clinician could commence analge-
sic dosing while the actions of this long-acting local anesthetic
are still in effect. A liposomal formulation of bupivacaine
(Exparel) is now clinically available and is indicated solely for
infiltration use around the surgical wound site. The FDA con-
siders a third molar extraction site to fall within this realm.
Well-designed and controlled dental impaction studies are
needed to justify the expense (30-fold higher on a volume basis
than an equivalent amount of 0.5% bupivacaine plus 1:200,000
epinephrine) of this new strategy (Lieblich and Danesi 2017).

Personalized Medicine: Predicting an Individual’s
Analgesic Response before Surgery

The preceding comments have mainly considered average pain
relief or average pain intensity difference scores generated in
pivotal randomized placebo-controlled analgesic trials.
However, it has already been emphasized that individual
patient variation should be considered when dosing with the
combination of NSAIDs plus acetaminophen. Knowledge of
variation in individual patient responses in clinical practice has
stimulated research in the expanding field of personalized
medicine (Theken et al. 2019). Even with the very best analge-
sic therapies, there are always nonresponders or partial
responders (Theken 2018; Theken et al. 2019). Identifying bio-
markers such as pain coping skills, previous experience with
analgesics, cytochrome P450 isomers important in NSAID
metabolism, the oral and GI microbiome that may affect the
metabolic disposition of the drug and inflammation itself,
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inherent COX activity, and genomics prior to surgery may help
us identify those 80% to 85% of individuals who will have
their postsurgical pain adequately managed by just an NSAID
or an NSAID/acetaminophen combination and those 15% to
20% of individuals who legitimately require an opioid combi-
nation drug in addition to their NSAID regimen. For example,
it has recently been reported that in patients with moderate to
severe pain following dental impaction surgery, those individ-
uals exhibiting the greatest levels of urinary prostaglandin
metabolites postsurgery were also the very same patients who
were classified as complete analgesic responders to ibuprofen
sodium film tabs 400 mg, defined as their lack of need for
immediate-release acetaminophen plus hydrocodone within
4 h of ibuprofen dosing (Theken et al. 2019). This enhanced
efficacy of ibuprofen in patients with greater prostaglandin
levels is consistent with an enhanced role of COX-mediated
inflammation in this subgroup of patients. While these urinary
prostaglandin metabolites represent a postsurgical biomarker of
future NSAID analgesic response, research in the presurgical
expression of biomarkers, whether they be behavioral, func-
tional (functional magnetic resonance imaging), microbial, or
genetic, remains a continuing focus of orofacial pain research.

Conclusion

Dental postsurgical pain is primarily driven by inflammation,
with the generation of prostaglandins in the periphery and CNS
being key components in initiating and propagating the pain
experience. NSAIDs including ibuprofen, naproxen sodium,
and diclofenac, when prescribed at full therapeutic doses, are
more effective analgesics than single-entity immediate-release
opioid formulations of codeine, oxycodone, or morphine for
treating pain after the surgical removal of impacted third molar
teeth. In addition, meta-analysis data demonstrate that in oral
surgery pain, ibuprofen 400 mg is more effective than acet-
aminophen 600 mg plus codeine 60 mg and at least as effective
as acetaminophen 650 mg plus oxycodone 10 mg. Drugs con-
taining opioids induce a much higher incidence of acute side
effects related to the CNS and gastrointestinal motility than do
NSAIDs. There is no doubt that the overuse of prescription
drugs containing opioids has been a major contributor to the
opioid abuse crisis, and more often than not, a potentially vul-
nerable young patient’s first exposure to an opioid is a pre-
scription following the removal of impacted third molar teeth.
While strategies to further reduce opioid prescribing, such as
preemptive NSAIDs, the administration of the long-acting
local anesthetic solution 0.5% bupivacaine plus 1:200,000 epi-
nephrine, and combining an NSAID with acetaminophen 500
mg, appear to accomplish this goal, there are patients, because
of inadequate pain relief or with a contraindication to NSAIDs,
who will legitimately require a short course of an acetamino-
phen/opioid combination product. A potential holy grail that
needs to be further explored is the personalization of analgesic
therapy for each patient. The identification of key biomarkers
prior to surgery that will predict analgesic response in the indi-
vidual patient will not only improve a patient’s experience

postoperatively but can become another strategy of reducing
prescriptions for opioids.
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