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Pain has both physiological and 
psychological components, 
and an experience of poorly 

managed pain related to dentistry 
can cause patients to avoid or 
postpone treatment, as well as make 
them more difficult to treat and less 
likely to comply with prescribed 
regimens.1,2 Oral medications 
administered postoperatively 
that reduce pain improve clinical 
outcomes, making them an integral 
part of dental practice.3-9 Analgesic 
medications in dentistry are indi-
cated for the relief of acute pain, 
postoperative pain, and chronic 
pain and for controlling adjunctive 
intraoperative pain.5 In addition, 
these medications can be given pre-
operatively to mitigate both postop-
erative pain and postoperative pain 
medication requirements.10-12

The majority of postoperative 
dental pain is acute in nature and 
typically is accompanied by tissue 
injury or inflammation.13 While this 
pain can resolve spontaneously once 
the underlying cause (for example, 
inflamed pulp, a carious lesion, 
or abcessed gingiva) is definitively 

treated, a pharmacological approach 
to pain management may be con-
sidered the standard of care. The 
drugs of choice for postoperative 
dental pain are acetaminophen and 
NSAIDs, which act by inhibiting 
cyclo-oxygenase (COX) enzymes 
that are are responsible for the 
formation of prostaglandins that 
promote pain and inflammation.14 
Since opioid-based medications 
are not anti-inflammatory agents, 
medications such as morphine, 
hydromorphone, and oxycodone are 
not considered the drugs of choice 
for treating the majority of post-
operative dental pain. Rather, these 
medications should be reserved 
for the small percentage of dental 
patients with severe, uncontrolled 
orodental and postoperative pain, 
and even then they are best pre-
scribed as combination products 
that contain an NSAID as well as 
the narcotic moiety.

In 2005, the FDA began asking 
manufacturers of all marketed 
prescription NSAIDs, includ-
ing COX-2 selective NSAIDs 
(Celebrex, Pfizer Inc.), to include 

a boxed warning and a medication 
guide with the package inserts for 
their products. The boxed warning 
highlights the drugs’ potential to 
increase the risk of cardiovascular 
(CV) events and the well-described 
and potentially life-threatening 
gastrointestinal (GI) bleeding 
associated with their use. The 
medication guide accompanies 
every prescription NSAID at the 
time it is dispensed to better inform 
patients about the CV and GI risks. 
At the same time, the FDA asked 
manufacturers of non-prescription 
OTC NSAIDs to revise their 
labeling to include more specific 
information about the potential GI 
and CV risks and more information 
to assist consumers in the safe use 
of these drugs.15 

Acetaminophen is found as 
a single agent and in combina-
tion with other ingredients in 
OTC products; it commonly is 
combined with narcotic agents in 
prescription products. In 2005, 
U.S. consumers purchased more 
than 28 billion doses of products 
containing acetaminophen.16 In 
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general, acetaminophen is consid-
ered a safe medication, especially 
because it is not associated with 
the GI, renal, and bleeding adverse 
effects seen with the NSAIDs; 
however, hepatic injury resulting 
from acetaminophen use remains 
a serious health problem.17-20 As a 
result, the FDA convened a meeting 
of an advisory committee in June 
2009, and new labeling and dosing 
guidelines are being discussed for 
this common analgesic.16 

This article will focus specifically 
on basic postoperative dental anal-
gesic prescription writing to ensure 
that the correct drug is selected for 
all patients and scenarios. Patient 
safety in general and medication 
safety in particular will be empha-
sized to help update prescribers’ 
knowledge base and optimize the 
efficacy and safety of NSAIDs for 
postoperative dental pain.

The pathophysiology of acute 
postoperative dental pain
Tissue damage stimulates the release 
of inflammatory mediators (such as 
prostaglandins, kinins, leukotrienes, 
substance P, and histamine) at the 
site of injury.13 These mediators 
help to initiate and subsequently 
magnify pain impulses that are 
transmitted to the central nervous 
system (CNS) to create the percep-
tion of pain. Among these media-
tors, prostaglandins are especially 
important for sensitizing peripheral 
neurons. Prostaglandins are also 
synthesized in the spinal cord and 
higher brain centers in response to 
pain impulses and enhance pain 
sensitivity by recruiting additional 
secondary neurons that respond to 
the primary stimulus. 

Aspirin and related NSAIDs work 
at the site of tissue damage, along 
the spinal cord, and in the higher 
brain centers, preventing prosta-
glandin formation by inhibiting 

COX activity. COX enzymes medi-
ate the conversion of arachidonic 
acid to prostaglandins; inhibiting 
these enzymes essentially inhibits 
the inflammatory triad process 
of pain, inflammation, and fever. 
Unfortunately, arachidonic acid is 
converted to cytoprotective prosta-
glandins as well; as a result, aspirin 
and related NSAIDs have side 
effects that include delayed wound 
healing, gastroduodenopathies, 
an increased risk of cardiovascular 
events, and prolonged bleeding. 
With the exception of acetamino-
phen, which has only minimal 
anti-inflammatory effects in most 
settings, these drugs exert a combi-
nation of analgesic, antipyretic, and 
anti-inflammatory effects. 

There are two well-known sub-
types of tissue COX: COX-1 and 
COX-2. COX-1 is a constitutive 
form that promotes hemostasis (in 
which synthesis of the prostaglan-
din analogue thromboxane A2 
increases platelet degranulation 
and adhesion), stomach mucosal 
integrity (where synthesis of 
prostaglandins protects against 
acid damage), and kidney func-
tion (where prostaglandins help to 
regulate normal renal blood flow). 
COX-2 is a largely inducible form 
that promotes the formation of 
pro-inflammatory prostaglandins 
and plays a major role in mediating 
inflammation, pain, and fever. 

Acetaminophen is unique
While the dual COX model 
resolved many of the issues concern-
ing differences between nonselec-
tive NSAIDs and highly selective 
COX-2 inhibitors, it still could not 
fully explain the pharmacologic 
actions of acetaminophen. Many of 
acetaminophen’s actions resemble 
those of COX-2 selective inhibitors, 
in that both display analgesic effects, 
antipyretic effects, and a relative 

lack of GI toxicity.21,22 However, 
acetaminophen has a very weak 
anti-inflammatory action—an 
important characteristic of both 
nonselective NSAIDs and the 
COX-2 selective drugs—and has no 
appreciable anti-aggregation or pro-
aggregation effects on platelets.21-25 

There is increasing evidence that 
one or more additional subtypes 
of COX may exist. A new COX-3 
(produced by the same gene that 
encodes COX-1) has been described 
in the literature.26-29 This COX-3 is 
found in the brain and is inhibited 
by clinically achievable concentra-
tions of acetaminophen. While sci-
ence may be closer to determining 
the actual mechanism of action for 
acetaminophen, debate still exists 
about its primary site of action. 
This action could be the inhibition 
of prostaglandin synthesis via this 
COX-3 pathway, or it could occur 
through an active metabolite that 
influences cannabinoid receptors, 
through reversal of N-methyl-
D-aspartate (NMDA), through 
substance P-induced hyperalgesia, 
or via the inhibition of nitric oxide 
pathways.27,30,31

The correct drugs in the 
correct dose
Ideally, selecting an analgesic for the 
management of acute dental pain 
is based on the patient’s medical 
history, the drug’s pharmacologic 
profile, the pain’s actual or expected 
intensity, the medication’s cost, and 
the ease with which the medication 
can be obtained.

For the average adult, analgesia 
by acetaminophen becomes readily 
measurable at a dose of 300 mg and 
plateaus at 1,000 mg.13 Acetamino-
phen in the body follows first-order 
pharmacokinetics, in that metabo-
lism and elimination are constant, 
regardless of the size of the dose. 
With a half-life of approximately 
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three hours, this medication 
typically is administered every six 
hours in order to achieve steady-
state blood levels.32 The maximum 
effective daily dose is two 500 mg 
tablets administered every six hours, 
for a total of 4,000 mg per day.

Ibuprofen was the first NSAID 
to demonstrate analgesic superior-
ity to aspirin.33 A 400 mg dose of 
ibuprofen has been shown to have 
a greater peak analgesic effect and 
a longer duration than 600–1,000 
mg of aspirin or acetaminophen or 
60 mg of codeine and comparable 
efficacy to traditional opioid anal-
gesic combinations (Chart 1).23,34 
One meta-analysis has suggested 
there is a dose-dependent increase 
in analgesia with ibuprofen (up to 
800 mg).35 However, the published 
source from which the statistically 
analyzed data were obtained for this 
declaration actually revealed little 
analgesic improvement in doses 
greater than 400 mg.36 Doses of 
ibuprofen greater than 400 mg may 
prolong the duration of maximum 
analgesia, even though this has not 
been a consistent finding in the 
literature. At least one study found 
that achieving maximum anti-
inflammatory action via NSAIDs 
may require a higher dose than 
that needed to achieve analgesic 
action (for example, 200–600 mg 
of ibuprofen four times per day 
or 800 mg three times per day for 
an analgesic effect, compared to 
2,400–3,200 mg per day for an 
anti-inflammatory effect).8,37 

With a half-life of approximately 
three hours, ibuprofen is typically 
administered every six hours to 
achieve steady-state blood levels.38 
As a result, the maximal effective 
daily dose would be 600 mg admin-
istered every six hours, for a total of 
2,400 mg per day.

In rare cases, choosing the most 
appropriate analgesic drug may be 

complicated by individual patient 
factors such as allergy or sensitiv-
ity, co-morbid conditions, or past 
abuse. In situations where aspirin, 
NSAIDs, acetaminophen, and 
opioids are contraindicated for the 
treatment of acute dental pain, the 
drug tramadol (Ultram, Ortho-
McNeil Pharmaceuticals, Inc.) 
may be an option. For patients that 
cannot take aspirin, NSAIDs, or 
opioids, a combination of tramadol 
and acetaminophen (Ultracet, 
Ortho-McNeil Pharmaceuticals, 
Inc.) may be utilized. 

Ultram is a centrally acting anal-
gesic that is thought to be a weak 
agonist of the mu opioid receptor 
and an inhibitor of serotonin and 
norepinephrine reuptake.39 It is not 
classified as a controlled substance, 
meaning that it carries a low risk 
of abuse or dependence. Despite 
less potential to cause respira-
tory depression at equianalgesic 
doses of opioids, Ultram does not 
affect prostaglandins, the primary 

mediator of acute dental pain.40 
Tramadol is dispensed as either a 50 
mg tablet or as a tablet containing 
tramadol and acetaminophen (37.5 
mg and 325 mg respectively), to 
be taken every eight hours. Ultram 
should not be used by patients 
taking monoaminoxidase (MAO) 
inhibitors or by patients with seizure 
disorders; judicious dosing is recom-
mended for patients who have a 
documented opioid dependence.39

In dental pain studies, both 
tramadol (100 mg) and the com-
bination of tramadol (75 mg) and 
acetaminophen (650 mg) showed 
lower efficacy than ibuprofen (400 
mg). In addition, both tramadol 
preparations caused a higher 
number of side effects (that is, 
nausea, vomiting, and dizziness) 
than either acetaminophen or ibu-
profen.41,42 Two recent articles rank 
the efficacy of analgesic preparations 
as follows: ibuprofen; tramadol/
acetaminophen; acetaminophen; 
tramadol; placebo.41-43

Chart 1. Pain relief after removal of impacted third molars.  
From: Cooper SA, Engel J, Ladov M, Precheur H, Rosenheck A, 

Rauch D. Analgesic efficacy of an ibuprofen-codeine combination. 
Pharmacotherapy 1982;2(3):162-167. Reprinted with permission. 
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At the right dose: Considering 
efficacy
In a 1999 study, Breivik et al 
described combining acetamino-
phen with an NSAID.43 The 
authors evaluated the combination 
of 100 mg diclofenac (Voltaren, 
Novartis Pharmaceuticals) and 
1,000 mg acetaminophen and each 
individual agent used alone against 
postoperative pain following oral 
surgery. The pain was defined as 
moderate to severe, based on the 
use of a visual analog scale (VAS). 
The combination resulted in greater 
analgesia than either drug used 
alone, as measured by pain intensity 
scores and total pain relief over 
eight hours. This combination also 
offered superior analgesia compared 
to a combination of 1,000 mg acet-
aminophen and 600 mg codeine. 
In addition, the patients’ global 
evaluation of the effectiveness of the 
treatments was significantly better 
for the NSAID and acetaminophen 
combination in comparison to acet-
aminophen and codeine.43 Based on 
these results, the investigators sug-
gested that the additive effects of an 
NSAID and acetaminophen against 
oral surgery postoperative pain 
result in an analgesic effect superior 
to that of either drug alone.43

Dionne has suggested that 
acetaminophen and ibuprofen 
in combination can be a useful 
analgesic regimen for acute dental 
pain.44 Since no marketed drug 
combination contains both an 
NSAID and acetaminophen, 
the author proposed taking the 
usual analgesic dose of ibuprofen 
(400–600 mg) every four to six 
hours, not to exceed 2,400 mg over 
a 24-hour period, and taking acet-
aminophen (650–1,000 mg) every 
four hours, not to exceed 4,000 mg 
(4 g) in 24 hours.44 This combina-
tion of ibuprofen (600 mg) plus 
acetaminophen (1,000 mg) could 

be administered every six hours 
without exceeding the maximum 
24-hour dose of either drug.

At the right dose: Considering 
safety
The combination of acetaminophen 
and ibuprofen has been ideal in 
treating postoperative dental pain; 
the literature contains evidence 
of the efficacy of this combina-
tion.8-10,12,14,36,44,45 The FDA has 
recognized that patients with rheu-
matoid arthritis, osteoarthritis, and 
other chronic diseases may require 
ibuprofen in doses as large as 3,200 
mg per day; however, based on 
existing safety data and the FDA’s 
2005 initiative, the most effective 
dose for the shortest period of time 
should be used for acute dental 
pain: 600 mg orally every six hours, 
or 2,400 mg per day.36,45 

At usual doses (that is, ≤4 g per 
24 hours) in healthy people, aceta-
minophen has virtually no adverse 
effects. Hepatic injury from acet-
aminophen results primarily from 
a single toxic metabolite, N-acetyl-
p-benzoquinoneimine (NAPQI), 
which is formed by oxidation of 
the drug. With therapeutic doses 
in healthy subjects, oxidation 
is a minor metabolic pathway, 
and glutathione conjugates and 
inactivates the toxic metabolite.46 
The minimum toxic single dose in 
healthy adults is between 7.5 g and 
10 g and >150 mg/kg in children. 
Single doses of 10–15 g can cause 
hepatic necrosis, but sometimes 
even much larger doses do not cause 
serious liver injury, possibly due to 
individual variations in terms of glu-
tathione stores or drug metabolism. 

Chronic heavy alcohol consump-
tion may lower the threshold for 
acetaminophen-induced liver 
damage because it induces the 
enzymes that oxidize the drug; 
in addition, alcoholics may have 

pre-existing hepatic dysfunction 
and depleted stores of glutathione.47 
Severe liver injury has been reported 
in alcoholics who claimed to have 
taken less than 4 g of acetaminophen 
per day. Fatal hepatic injury has 
been reported in patients who took 
4–10 g of acetaminophen per day 
and claimed to drink only moder-
ate amounts of alcohol; however, 
the accuracy of alcohol histories 
and drug histories from alcoholics 
is notoriously unreliable.47-50 The 
weight of the evidence indicates that 
recommended doses of acetamino-
phen do not cause hepatotoxicity, 
even in chronic alcoholics.48-50

Despite this evidence, the FDA’s 
Center for Drug Evaluation and 
Research convened a Special 
Advisory Committee in 2009. The 
committee recommended a maxi-
mum single dose of acetaminophen 
of 650 mg (rather than 1,000 mg) 
and a maximum daily adult dose 
of 3,250 mg (instead of 4,000 mg). 
The recommendation would require 
the reformulation of currently avail-
able products to maximum doses of 
325 mg per tablet or liquid dosage. 
Alternatively, 500 mg dosages could 
be made a prescription product, 
while the 325 mg dose remained an 
OTC product. 

While the FDA has argued that 
decreasing the maximum individual 
dose from 1,000 mg to 650 mg will 
decrease the daily exposure of acet-
aminophen with little loss of effi-
cacy, this suggested decrease would 
not apply to all indications. In fact, 
a recent meta-analysis found that 
1,000 mg of acetaminophen (two 
extra-strength 500 mg tablets) 
was somewhat more effective than 
600–650 mg for treating moderate 
to severe postoperative pain after 
oral, gynecologic, or orthopedic 
surgery.51 Based on safety data to 
date and the FDA’s 2009 initiative, 
the most effective and safest dose 
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for the shortest period of time 
(1,000 mg orally every six hours or 
4,000 mg per day) should still be 
used at all times.

Prescribers must remember that 
acetaminophen is used in more 
combination products than any 
other drug—for a number of differ-
ent indications—and that many of 
these products are available with a 
prescription. While the amount of 
acetaminophen in these doses are 
appropriate for any single product, 
taking more than one of these 
products or taking plain acetamino-
phen in addition to these products 
can lead to an accidental overdose 
(see the table). Patients need to be 
reminded of the maximum recom-
mended daily doses of these medica-
tions, especially for acetaminophen.

When to take medications
Since the majority of postopera-
tive dental pain is acute in nature 
and typically is accompanied by 
tissue injury or inflammation, 
the NSAID/acetaminophen 

combination prescription described 
above may be considered the most 
appropriate analgesic regimen for 
these patients.13 Since the natural 
inflammatory process peaks quickly 
and is sustained until healing 
occurs, routine scheduled doses 
of these medications are required 
during the initial 24-hour postop-
erative period to maintain steady 
blood levels. 

To alleviate continuous pain, 
medications are most effective when 
given regularly. If a patient can 
comply with these four doses of two 
different medications, the majority 
of cases will not require any further 
analgesic medication after the first 
24 hours.52 Depending on physician 
and patient preference, these doses 
can either be administered together 
or in a staggered fashion every 
six hours (for example, an initial 
1,000 mg dose of acetaminophen, 
followed three hours later by 600 
mg of ibuprofen, and so on). The 
staggered approach is sometimes 
valuable for patients who are 

“clock-watchers” or for those who 
might find frequent administration 
of medications to be more psycho-
logically beneficial following oral 
surgery. Compliance is truly the key 
to the success of this analgesic regi-
men, which may require patients to 
set alarms so that they do not miss 
the required doses during the initial 
24-hour postoperative period.

After the initial 24-hour postop-
erative period, patients can reduce 
their regimen to an “as needed” 
basis of either drug alone or the 
two in combination. However, 
if compliant patients still require 
routine pain medication more than 
48 hours after the dental procedure, 
the dentist should consider re-
examining the patient. 

When significant postoperative 
pain is anticipated, adjunctive pre-
operative analgesics may be utilized 
to decrease postoperative pain and 
postoperative pain medication 
requirements.10-12 NSAIDs have 
been shown to have opioid-sparing 
effects and can reduce postoperative 

Table. The amount of acetaminophen in some commercially available compound products.53

Medication (manufacturer) Active ingredient(s) Amount of acetaminophen per dose (in mg)

Tylenol Regular Strength (McNeil Pharmaceuticals) Acetaminophen 325

Tylenol Extra Strength (McNeil Pharmaceuticals) Acetaminophen 500

Darvocet N 50 mg (Eli Lilly and Company) Propoxyphene and acetaminophen 325

Darvocet N 100 mg (Eli Lilly and Company) Propoxyphene and acetaminophen 650

Lortab 2.5, 5, 7.5, and 10 (UCB Pharma) Hydrocodone and acetaminophen 500

Lorcet (Forest Laboratories) 10 mg hydrocodone and acetaminophen 650

Norco 7.5 and 10 (Watson Pharmaceuticals) Hydrocodone and acetaminophen 325

Percocet 2.5, 5, 7.5, and 10 (Endo Pharmaceuticals) Oxycodone and acetaminophen 500

Tylox (Ortho-McNeil Pharmaceuticals Inc.) 5 mg oxycodone and acetaminophen 325

Tylenol #3 (McNeil Pharmaceuticals) 30 mg codeine and acetaminophen 300

Tylenol #4 (McNeil Pharmaceuticals) 60 mg codeine and acetaminophen 300

Vicodin (Abbott Laboratories) 5 mg hydrocodone and acetaminophen 500

Vicodin ES (Abbott Laboratories) 7.5 mg hydrocodone and acetaminophen 750

Vicodin HP (Abbott Laboratories) 10 mg hydrocodone and acetaminophen 660

Zydone 5, 7.5, and 10 (Endo Pharmaceuticals) Hydrocodone and acetaminophen 400
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nausea and vomiting by 30%.53-57 
This preoperative dosing approach 
would be an ideal role for the 
COX-2 selective NSAID (Celebrex), 
as it will preemptively ameliorate 
the inflammatory response without 
causing increased bleeding or 
delayed wound healing compared 
to the traditional non-selective 
NSAIDs. In this case, 400 mg 
administered orally 30–60 minutes 
prior to the procedure would 
maximize this medication’s effective-
ness. For patients currently taking 
a blood thinner such as warfarin 
(Coumadin, Bristol-Myers Squibb), 
400 mg of Celebrex taken every 12 
hours for the initial 24-hour post-
operative period could replace the 
postoperative ibuprofen prescription 
described above.58,59

Summary
Acetaminophen is an effective 
analgesic with virtually no adverse 
effects, except for those related 
to overdosing. Mild to moderate 
pain often responds to 650 mg of 
acetominophen, although 1,000 
mg doses may be more effective 
for treating postoperative dental 
pain. Recommended doses of 
acetaminophen are not likely to 
cause hepatotoxicity in people who 
drink moderate amounts of alcohol, 
but they can be dangerous when 
patients take both acetaminophen 
and one or more combination prod-
ucts that contain acetaminophen. 
The efficacy and safety of these 
analgesic medications for postopera-
tive dental pain can be optimized 
when taken in combination with an 
NSAID, such as ibuprofen. 

This article provides a regimen for 
the combination of acetaminophen 
and ibuprofen to help practitioners 
manage acute postoperative dental 
pain more effectively. Dentists must 
also be aware of maximum cumula-
tive doses of prescribed and OTC 

analgesic medications, especially for 
preparations that contain acetamin-
ophen and at least one other active 
ingredient. Prescribers should always 
seek the most effective analgesic 
regimen balanced against potential 
adverse events for the anticipated 
length of drug therapy. Postopera-
tive dental pain typically is caused 
by tissue injury and inflammation 
and usually has a short duration; as 
a result, NSAIDs in combination 
with acetaminophen should be 
considered the first-line analgesic 
regimen for most patients. 
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