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Our Program:
This one-day lecture is designed to illustrate how uniting the medical, dental, and pharmaceutical
fields ultimately leads to “Better Medicine, Better Dentistry.”
The focus of this day will be the latest in pain control and anxiety management. Topics to be covered
include: Clinically Useful Pharmacology; Drug Interactions and Dentistry; Herbal "Medications" and
Dentistry; The Best in Pain Control: Local Anesthetics and Analgesics; Xerostomia; and much more!
Providing dental care to anxious and fearful patients continues to be a major challenge facing dentists.
State dental boards change and develop new regulations outlining the training and equipment needed
for in-office sedation. Dr. Donaldson will cover both the science and art of pain control and anxiety
management in an interactive and engaging multimedia presentation, delivering strategies dentists
and their team members can implement in the office on Monday morning.

Lecture Topics:
Clinically Useful Pharmacology
Drug Interactions and Dentistry
Herbal "Medications" and Dentistry
Xerostomia
The Best in Pain Control
Educational Objectives:







Discuss the principles of pharmacokinetics and pharmacodynamics
Understand the clinical significance of bioavailability and half-life
Learn how to match the right drug at the right dose to the right patient and the right procedure
Describe the characteristics and treatment for xerostomia
Achieve optimal patient care through appropriate analgesic prescribing
Describe the most effective recipe for post-operative pain control
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Clinically-Useful Pharmacology
Pharmacology is a broad term encompassing the overall study of drugs. The answer to the question, “What
Happens When Drugs Enter the Body?” is explained by two branches of pharmacology:
1.

Pharmacokinetics deals specifically with the absorption of drugs from the outside environment, the
distribution to their site of action within the body, their metabolism within the body, and finally their
excretion.
2. Pharmacodynamics studies the interaction of the drug with the receptors at the site of action.
Once we gain an understanding of the pharmacodynamics and pharmacokinetics, we will concern ourselves
with selecting those drugs which are most appropriate for our desired clinical results. Pharmacotherapeutics
involves the study of choosing drugs for their desired actions in selective situations.

Patient response to medications can be
represented by a bell-shape population
curve where about 70% or one standard
deviation will demonstrate the intended
effect at a particular dose. As we
extrapolate this curve out to two and even
three standard deviations, we begin to
recognize the “outliers”, also referred to as
hyper- and hypo-responders: those
individuals requiring either much less or
much more of the same medication in
order to elicit the desired effect. Protocols
are very useful to capture the majority of
the general population; however, the outliers require a slightly higher level of expertise and experience to
determine the most appropriate dosing scheme. This section looks at how to recognize and treat these
“outliers”, and more importantly, how to ensure you always practice within the safest possible dosing
ranges. Remember our oath, “First, do no harm.”
Malamed SF, Robbins K. Medical Emergencies in the
Dental Office. 5th ed. Philadelphia: Mosby;2000:346-348.

Remember: the HYPER Responder is fairly
easy to recognize preoperatively based on:

– Past Medical History
– Underlying Medical Condition(s)
– Current Medications
– Genetics
In the case of a sedation appointment, a preoperative protocol can account for this since a small amount
of medication may be administered prior to the appointment. In general, always stick with the mantra:
“Go Low, Go Slow!”
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Conversely, a significant percentage of patients are hypo-responders after normal or average doses of
medications. These patients may require larger than normal doses of medications to achieve a desired
effect. Many factors can contribute to a patient’s hypo-response to medication. Again in some sedation
cases a combination of factors may culminate to antagonize the clinical effects of sedative drugs leaving
the patient needing more medication to tolerate dental treatment.
The HYPO Responder is more difficult to recognize preoperatively, but can be inferred if the patient
has evidence of the following clues:

– High Anxiety
– Liver Enzyme Inducers
– High Degree of Body Fat
– Use of Stimulants (caffeine, nicotine, others)
– Past History of Drug Abuse
– Psychiatric Conditions
– Not Following the Preoperative Protocol
– Genetics
What is Pharmacogenomics? = Pharmacology + Genetics
Since mapping the human genome this new branch of science truly represents the future of medicine since we
have the opportunity to prescribe the right drug at the right dose, the first time without needlessly exposing
patients to the side effects of medications through inappropriate initial dosing. We will be able to
individualized pharmacotherapy based on every individual’s genetic make up, thus revolutionizing medicine.
Every individual does have a unique genetic predisposition to drug effects and by marrying a patient’s genetic
information with a drug’s pharmacological information we can improve outcomes in our patients.

Roche Molecular Diagnostics developed the world's first pharmacogenomic microarray designed for clinical
applications. It provides comprehensive coverage of gene variations and is intended to be an aid for
physicians in individualizing treatment doses for patients on therapeutics metabolized through these genes.
This tool has now been cleared for in vitro diagnostic use in both the United States and the European Union.
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Genetics and Dentistry?
Binkley CJ, Beacham A, Neace W, Gregg RG, Liem EB, Sessler DI. Genetic variations associated with red
hair color and fear of dental pain, anxiety regarding dental care and avoidance of dental care. J Am Dent
Assoc. 2009 Jul;140(7):896-905.
Randall CL, McNeil DW, Shaffer JR, Crout RJ, Weyant RJ, Marazita ML. Fear of Pain Mediates the
Association between MC1R Genotype and Dental Fear. J Dent Res. 2016 Sep;95(10):1132-7.
The clinical implications of this type of testing and screening are tremendous. A laboratory capable of genetic
analysis can complete the test in 8 hours using a standard blood sample and the cost of the test to the
laboratory is about $500. The question that still remains, however, is whether it will be covered by insurance
carriers. Oncotype DX is a test that examines a breast cancer patient’s tumor tissue at a molecular level, and
gives information about her individual disease. This information can help tailor treatment for her breast
cancer. Oncotype DX is the first and only gene expression test that has been accepted as demonstrating the
ability to predict a patient’s benefit from chemotherapy as well as her risk of recurrence
(http://www.genomichealth.com).
Absorption of oral medications occurs in the
gastrointestinal tract, specifically the small
intestine where most drugs cross the
phospholipid bilayer via passive diffusion.
Others may be only partially removed from the
circulation. The following drugs show poor
bioavailability when given orally due to
extensive first-pass hepatic elimination:
A small portion of medications and their
metabolites may also undergo a cycle of biliary
secretion from the liver through the bile duct
and back into the small intestine. Here the
molecules are either excreted via passage onto the large intestine, or they may be reabsorbed by the small
intestine traveling back to the liver via the portal vein again. This cycle is known as enterohepatic circulation.
Pharmacokinetics vs.
Pharmacodynamics
Kinetics refers to what the body does to
a drug; Dynamics refers to what the drug
does to the body. More specifically,
Pharmacokinetics is the sequence of
events which influence a drug’s ability to
reach the receptor in sufficient quantity
and for sufficient duration of time.
Pharmacokinetics consists of:
Absorption, Distribution, Metabolism,
Elimination
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Absorption
The route of administration is the principle factor which governs rate by which a drug reaches its receptors in
sufficient quantity.








Intravenous (IV) is the fastest route with onset usually within 1 minute.
Inhalation is almost as fast as IV, administered as a vapor or gas through the pulmonary alveoli in the
lungs.
Subcutaneous and Intramuscular (IM)
are similar and require approximately
30 minutes to reach the blood stream.
Absorption is largely governed by how
much blood flow is present to allow
drug to be carried away. Large volumes
cannot be given.
Enteric routes (oral and rectal) are the
slowest way of introducing drugs into
the blood stream. Oral ingestion of
drug usually requires about 1 hour
before effects are discerned.
Sublingual (SL) has rapid onset, no
first-pass effect, but not all drugs can
be absorbed this way.

Bioavailability
Bioavailability is the physiological availability of a given amount of a drug. Regardless of the route of
administration, usually only a fraction of unchanged drug reaches the systemic circulation:
Route of Administration
Intravenous
Intramuscular
Subcutaneous
Oral
Sublingual
Rectal
Inhalation
Transdermal

Bioavailability
100% by definition
75 to < 100%
75 to < 100%
5 to < 100%
more than oral
30 to < 100%
75 to < 100%
80 to < 100%

The extent of absorption is affected by such
factors as: the lipophilicity of the drug; pHdependent active transport; gut metabolism
by bacteria; p-glycoprotein pump and the
dissolution of some tablets.
Most drugs are given orally and are
absorbed via passive diffusion through cell
membranes of the GI tract. These
membranes are composed of a lipid bilayer,
so the drug’s lipid solubility is crucial for
absorption and distribution. Only
uncharged drug is lipid soluble.
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But do you really care about “pH-dependent active transport”?

This may explain in part why it is more difficult to get a patient numb when they have an abscess and the
microenvironment in that area has a lower pH than normal.
Should I Buffer Local Anesthetic? How? The easy answer to should I – YES! How is a bit more difficult...
 OnPharma (elegant but expensive)
 By-Hand (super cheap but tedious)
 Anutra Local Anesthetic Delivery System (brand new, not enough information)
1.

Less sting or pinch on injection
a. Buffered pH (closer to 7.4)
b. CO2 at tip of the needle
2. Improves lipid solubility (uncharged form dominates)
a. Faster onset
b. More profound anesthesia
c. More forgiving for mandibular blocks
3. May work better in infected areas
a. Low pH situations
Can We Buffer Local Anesthetics By Hand?
(9:1 anesthetic to sodium bicarbonate ratio)



50mL vial of 8.4% Sodium Bicarbonate
(approx. $9)
½ cc 28G x ½” needle (Box of 100 @
$29.99)

Buffering Conclusions



Differences in Bicarbonate?
Mean pH
50mL vial Sodium
Bicarbonate

8.12

0.13

Onpharma Sodium
Bicarbonate

8.11

0.11

Easy to do and may decrease onset,
decrease injection pain, and improve
efficacy (Lidocaine only?)
Can be done by hand or via Onpharma
mixing device.

+

+
pH testing of sodium bicarbonate used to buffer local anesthetic solutions:
50mL vial of 8.4% Sodium bicarbonate inj., USP (Hospira Inc, Lot# 41-143EV) and Onpharma Sodium Bicarbonate inj., 8.4%, USP, Neutralizing
Additive Solution (Irvine, Ca, Lot# W0007328 and W0007361)

Goodchild JH, Donaldson M. Compendium 2015

Other Notes or Questions to Ask:

Saturday, June 3, 2017

Copyright, Dr. Mark Donaldson

Page 5 of 56

Chairside Buffering of Local Anesthetics
Study
Solution

No
Hand
Buffering Buffered

Onset

% Difference
(Buffered/Onset)

2% Lido
1:100 epi

4.27

6.96

7.10

63/66.3

4% Septo
1:100 epi

3.62

6.87

6.97

90/92.5

4% Prilo

6.31

6.86

7.05

8.7/11.7

3% Mepi

6.37

7.02

7.01

10.2/10

All solutions mixed to 9:1 anesthetic to sodium
bicarbonate ratio

Goodchild JH, Donaldson M. Comparing the
pH change of local anesthetic solutions using
two chairside buffering techniques. Compend
Contin Educ Dent 2016;37(5):e6-e12.

“Increasing the pH of lidocaine reduced pain
and improved patient comfort and satisfaction.
No adverse events were reported. Therefore,
increasing the pH of commercial lidocaine
solutions with bicarbonate immediately prior to
their use should be considered.”

Goodchild JH, Donaldson M. Compendium 2015.

Absorption Effected By:
 Presence of food in the stomach – inhibits absorption
 Mucosal surface area – less surface area will inhibit absorption
 Gastric emptying time – slower emptying time will inhibit absorption
 pH of the tissues – antacids inhibit absorption
 Dosage form of the drug – lipophilic or lipophobic
 Drug inactivation – p450 enzyme complex
 Bioavailability of the drug – plasma protein binding
Drug distribution is often thought of in terms of compartments too, where highly lipophilic drugs cross readily
from the plasma compartment to tissue compartments such as the brain. The Blood-Brain Barrier for
example, is not a true “barrier”, but more like a selective gatekeeper for highly lipophilic medications whose
site of action is the central nervous system.
Distribution Effected By:
 Number of drug binding sites on the protein
 Protein concentration
 Weak acids are bound more extensively than weak bases
 Competing molecules
 Disease
After
Aftertriazolam
triazolam
enters
entersthe
theblood
blood
stream,
metabolism
stream, metabolism
occurs
occursin
inthe
theliver
liver

Metabolism:
Drugs are chemically transformed by the body to make
them more water soluble, and thus more easily
excretable. The primary organ of metabolism for the
oral sedative medications is the liver (although some
similar enzymes exist in the cells of the gastrointestinal
mucosa). The enzyme complexes in the liver chemically
transform the medication molecules into either active or
inactive metabolites. These enzymes are known as the
Cytochrome P450 (CYP450) family of enzymes.

Triazolam
Triazolamisis
introduced
introduced
enterally
enterally

Hydrophilic
Hydrophilic
drug
drugisis
excreted
excreted
via
viathe
the
kidney
kidney
g
urug le
DDr ailialabble ral l
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aav geenne itoionn
g at
toto cuulal avvee
r
i
c
ccir otohha ct t
t efec
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Triazolam
Triazolam
IsIs
dissolved
dissolved
ininthe
the
stomach
stomach
and
small
and small
intestine
intestine

Adapted
Adaptedfrom:
from: Byrne
ByrneEB.
EB. Endodontic
Endodontic
Topics
Topics2003;4:9-21.
2003;4:9-21.
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After triazolam
enters the blood
stream, metabolism
occurs in the liver

After triazolam
enters the blood
stream, metabolism
occurs in the liver

Induction:
Induction
Induction::
Liver
Liver
metabolism
metabolism
Is
Is faster
faster

Triazolam is
introduced
enterally

Hydrophilic
drug is
excreted
via the
kidney

Inhibition:
Liver
metabolism
is slower
Hydrophilic
drug is
excreted
via the
kidney

Triazolam
Is
dissolved
in the
stomach
and small
intestine
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g
t
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ug
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Triazolam
Is
dissolved
in the
stomach
and small
intestine

Triazolam is
introduced
enterally

Adapted from: Byrne EB. Endodontic
Topics 2003;4:9-21.

Adapted from: Byrne EB. Endodontic
Topics 2003;4:9-21.

Drugs can act as either substrates for these enzymes, inducers or inhibitors, and these differences are the
basis for drug interactions and the interpatient variability of responses to medication.
Drugs that enter the body parenterally can also be metabolized in the liver, but not until a certain proportion
of the drug has had the opportunity to act at the site of action, in the case of sedative agents this would be the
central nervous system (CNS). This accounts for the faster onset of action of parenterally administered drugs
since the “first-pass effect” is essentially bypassed. This is also true for medications administered via the
inhalation, rectal, topical and submucosal routes.
Metabolism Effected By:
Individual differences in metabolic rate (genetic polymorphism); Age of the patient (consider the very young
and the very old); Liver disease (impairment of enzyme activity or defective formation of enzymes); Cardiac
disease (by limiting blood flow to the liver may impair rate of metabolism); Pulmonary disease (especially in
the case of inhaled medications); Endocrine dysfunction (hypothyroid patients have a slowed metabolism
versus hyperthyroid patients who have a revved up metabolism); Drug interactions (inhibition or induction);
Cigarette smokers metabolize some drugs more rapidly than nonsmokers because of enzyme induction.

Metabolism
determines blood
levels of active drug
and therefore,
predictability of
response.
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Elimination:
Renal clearance is the major pathway of elimination for most drugs and their metabolites. In fact, the role
of the liver in metabolism is to generally convert lipophilic (fat-soluble) molecules into more hydrophilic
(water-soluble) molecules for easier excretion via the kidneys. Elimination can also occur via the bile and
feces. Sometimes an active metabolite is formed from metabolism and can target the kidney as it is
eliminated. Such is the case with Ciprofloxacin, which is used to treat urinary tract infections.
Factors affecting elimination include:

– Age
– Liver Function
– Kidney Disease

– Drug Half-Life
– Compartment Models

This becomes important when considering that different drugs are cleared from the body at different rates,
and are therefore dosed differently and with different frequency. In terms of pharmacokinetics, we can then
determine the half-life of a drug so that we may dose a patient appropriately. Half-life indicates the time it
takes to attain 50% of steady state blood level. After one half-life, one half of the drug in the system will have
been eliminated. After four half-lives, greater than 90% of drug in the system will have been eliminated:
100% divided by 2
50% divided by 2
25% divided by 2
12.5% divided by 2

= 50% (after one half life 50% of a drug has been cleared)
= 25% (after 2 half lives 75% of a drug has been cleared)
= 12.5% (after 3 half lives 87.5% of a drug has been cleared)
= 6.25% (after 4 half lives > 90% of a drug has been cleared)

Drug Half Lives (t1/2 )
I.V.

Oral

 Plasma level is a balance between dose per

100

distribution
(alpha phase)

75

Distribution from
blood to tissue

Half Lives, T1/2

50

Elimination via
liver and kidneys

Elimination
(beta phase)

25

0
0

2

4

8

10

0

2

4

Therapeutic Levels

8

unit time and factors which will decrease the
level of active drug (metabolism, excretion,
dilution). Plasma levels of drugs are always
changing.
 Steady state: If identical multiple doses of drug

are given every half-life, relatively constant
levels will be produced after 4 half-lives.
rate of elimination = rate of accumulation

10

Pharmacokinetics Pallasch, T.J. Anes. Progress 35:133-146 1988

The binding of drugs to receptors cannot be quantified, so clinically we describe a drugs’ therapeutic level
in terms of plasma levels. The therapeutic level for a drug is the plasma concentration at which we know a
majority of the population will have a desired clinical effect. Although, there is a wide interpatient variability
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in response to medications, referenced plasma levels of medications help us guide treatment and are recorded
as a balance between dose per unit time and factors which will decrease the level of active drug (metabolism,
excretion, dilution). Plasma levels of drugs are always changing.
A Steady-state can be achieved when the rate of drug accumulation in a body is equal to the rate of
elimination. This is also achievable if identical multiple doses of drug are given every half-life: relatively
constant levels will be produced after 4 half-lives.

Pharmacodynamics
Pharmacodynamics studies the interaction of a drug with a receptor at the site of action. Receptor
occupancy explains the response of drugs. Binding to receptors is usually reversible and falls into one of two
categories: agonists and antagonists. Agonists have an affinity for receptors and their binding to these
receptors leads to the effect and efficacy of the medication. An antagonist only has an affinity for binding to
the receptor, but this interaction does not illicit a response and it therefore it antagonizes or blocks an active
drug from combining to the receptor and causing an effect.
As we age we may have enhanced sensitivity to drugs due to: changes in receptor numbers; changes in
receptor affinity or; alterations in the processes after a drug binds a receptor. For example, the elderly are
more sensitive to benzodiazepines, more sensitive to the analgesic effects of narcotics and they have enhanced
response to anticoagulants such as warfarin and heparin. In general, elderly patients require a reduction in
sedative drug dosage.
Donaldson M Goodchild JH. Pharmacological reversal agents in dental practice: keys to patient safety.
Compend Contin Educ Dent 2016;37(10):1-8.

Agonists and Antagonists
Antagonists
5-HT 3 RAs Promethazine Atropine

Agonists
5-HT3

Histamine

Droperidol

Muscarinic Dopamine (D2)

NK-1 RA

Substance P

Examples
of some
NeuroReceptor
Sites

Pharmacodynamics
 As we age we may have enhanced
sensitivity to drugs due to:
Changes in receptor numbers
Changes in receptor affinity
Alterations in the processes after
a drug binds a receptor
 For example, the elderly are:
more sensitive to benzodiazepines
more sensitive to analgesic effects of narcotics
enhanced response to warfarin, heparin

Changes in receptor numbers or affinity can also lead to alterations in the processes after a drug binds a
receptor. Drug interactions further compound the unpredictability of pharmacodynamics as they too can be:
antagonistic (theophylline & propranolol) or synergistic (warfarin and aspirin, benzodiazepines and opiates).
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Will the odds be ever in your favor? Patient Assessment and Drug Interactions
The goal of oral conscious sedation is to create, by pharmacologic or other means, a comfortable environment such
that the patient can safely and effectively receive dental care.
There is an inverse relationship between the depth of sedation and the degree of safety associated with it. Clearly,
general anesthesia and deep sedation hold the greatest risk of serious morbidity and mortality as well as the highest
efficacy. On the other hand, nitrous oxide and oral conscious sedation have the lowest risk and a lower clinical
efficacy.

Effect of Drug Combinations on
Safety of Conscious Sedation

Multiple Agent Protocols
When benzodiazepines are administered alone, only mild changes occur in respiratory rate and oxygen saturation
levels. However, adding a barbiturate or a narcotic in a multiple drug regimen with a benzodiazepine creates a
statistically significant decrease in both respiratory parameters.
Why should drug interactions concern me? - because polypharmacy is the norm especially in those patients
over 65 years old. A Canadian Medical Association policy survey showed that more than 20% of acute care hospital
admissions for seniors may result directly from adverse drug reactions. Polypharmacy is used as: complementary
therapy; co-morbid conditions and; non-comorbid conditions.
Many of our patients are on multiple drug regimens. The potential for drug interactions increases
dramatically with the number of medications prescribed.
Chronic illness leads to polypharmacy so that there is a high probability of a drug interaction. But
how is this related to dentistry? Almost all of your patients will be on some kind of medication (prescription, OTC,
herbals, supplements, recreational). And just because dentists prescribe less than 10% of all available drugs, your
patients may be taking others from the 90% you’re not familiar with, and not all of your patients will tell you what
they are taking. So who is more “at risk” - you or your patient?
“67% of patients do not discuss complementary and alternative medicine (CAM) with their health care
providers because the clinicians did not ask.”
http://nccam.nih.gov/news/camstats/2010/introduction.htm. (Accessed Sept 7, 2015)
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Donaldson M and Touger-Decker R. Dietary
supplement interactions with medications used
commonly in dentistry. J Am Dent Assoc
2013;144(7):787-94.

Start with Intrinsically SAFE
Drugs (e.g., for sedation)

Donaldson M, Goodchild JH and Zeigler J. Dental
considerations for patients taking weight-loss
medications. J Am Dent Assoc 2014;145(1):70-4.

Most Common Less Common

Donaldson M, Touger-Decker R. Vitamin and
mineral supplements: Friend or foe when combined
with medications? J Am Dent Assoc
2014;145(11):1153-8.
Donaldson M. The Spiderman Principle. J Am Dent
Assoc 2011;142(11):1-4.

Least
Common

Nitrous Oxide

Opioids

Barbiturates

Benzodiazepines

Alcohols

Antidepressants

Antihistamines

Phenothiazines

Anticholinergics

To first understand drug interactions it is important to revisit metabolism. The primary organ of metabolism is
the liver (although some similar enzymes exist in the cells of the gastrointestinal mucosa). The enzyme complexes in
the liver chemically transform the medication molecules into either active or inactive metabolites. These enzymes
are known as the Cytochrome P450 (CYP450) Family of enzymes, and can be further stratified into the individual
isoenzymes, which comprise this family. In terms of dental pharmacology, the most prominent isoenzymes to
consider are: CYP3A4, CYP2D6, CYP2C9, CYP1A2 and CYP2C19.
Metabolism is also known as biotransformation as some drugs are “pro-drugs”. Drug metabolites are usually more
polar and less lipid soluble than the parent molecules (this enhances their excretion and distribution half –life).
Hepatic oxidation is the major drug metabolizing process. This process, or what the patient does to the drug
(pharmacokinetics), and its balance with what the drug does to the body (pharmacodynamics), determines the
effectiveness of the medication.
Drug interactions are common causes of treatment failure and adverse reactions. Most drug interactions remain
unrecognized because of a wide margin of safety (therapeutic index) compared to inter- and intra-patient variability
seen in practice. The effect of inappropriate drug combinations may lead to drug interactions or inaccurate
assessment of the clinical effect.

Drug
Drug Efficacy
Efficacy vs
vs Drug
Drug Toxicity
Toxicity

Response
Response

ED
ED5050

LD
LD5050

Margin
Margin
Margin Margin
of
of
of
of
Safety
Safety Safety
Safety

Response
Response

100
100

100
100

50
50

Drug
Drug Efficacy
Efficacy vs
vs Drug
Drug Toxicity
Toxicity

50
50

00

00

Dose
Dose

ED
ED5050

LD
LD5050

Shift
Shiftto
tothe
the
left
leftowing
owing
to
todrug
drug
LD
interaction
LD5050
interaction

Margin
Margin
of
of
Safety
Safety

Dose
Dose
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Inhibitor

Inducer

Relative Proportions of
Enzymes

Enzyme

CYP2C19

CYP1A2
CYP3C9

Substrate
(the drug metabolized)
It is possible for a drug to be both a substrate and
an inhibitor of an enzyme

CYP3A4
CYP2D6

The therapeutic index of a drug relate its effective dose fifty (ED50) to its lethal dose fifty (LD50) and is a
measurement of drug safety. The greater the therapeutic index, the greater the difference between the ED50 and the
LD50, the greater the margin of safety. Chloral Hydrate, an alcohol, has a much lower therapeutic index than the
benzodiazepine, diazepam. If, however, the two drugs were to be administered together, the LD50 representing the
combination would shift significantly to the left, resulting in a much lower degree of safety.
Some points are important to keep in mind:

The management of a condition with a drug depends on the predicted
effect of that drug

The predicted effect depends on the drug being present:
o
o

in the clinically active dose
for the appropriate duration

Anything that changes the dose or duration of effect makes drug
management unpredictable

Drug interactions give rise to a modified response from the expected or normal response; can cause increased drug
levels leading to an enhanced response or increased side effects (clinical relevance depends on the therapeutic
indication) or; can cause decreased drug levels leading to sub-clinical or lack of response. Finally, drug interactions
can be permanent because of polymorphism (i.e. patient does not have enzyme). The bottom line is that
variability in patient response may be the result of changed metabolism which can be caused by
drug interactions.
Classifying the enzymes responsible for drug metabolism




Drugs are usually metabolized to inactive metabolites for excretion
The main route of metabolism for exogenous substances is the liver by the cytochrome P450 mono-oxygenase
system
The P450 system is made up of many enzymes. However, the majority of drug metabolism is by five enzymes:
1A2, 2C9, 2C19, 2D6, and 3A4

There are significant interpatient and intrapatient variability with respect to effects of medications and current
research indicates that the genetic expression of these liver enzymes may play a prominent role in determining who
and why different patients react differently. In the case of isoenzyme CYP2D6, for example, this genetic
polymorphism in metabolism is common, and can lead to 10 times the difference in drug clearance, leading to
either therapeutic failures or increased adverse events and toxicities.
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CYP 1A2

CYP 2C9

Inducer

Substrate

Carbamazepine
Caffeine
Chlordiazepoxide Clarithromycin
Cigarette Smoke
Diazepam
Erythromycin
Estrogens
Insulin
Haloperidol
Lansoprazole
LAs
Omeprazole
Olanzapine
Phenobarbital
Propranolol
Phenytoin
Tamoxifen
Rifampin
TCAs
Ritonavir
Theophylline

Inhibitor

Substrate

Inducer

Inhibitor

BCPs
Cimetidine
Ciprofloxacin
Fluvoxamine
Isoniazid
Ticlopidine

ASA
Dapsone
Diazepam
Dicoumarol
Fluoxetine
Losartan
Most NSAIDs
Phenobarbital
Phenytoin
Sulfonamides
Temazepam
Tolbutamide
Zidovudine

Carbamazepine
Phenobarbital
Phenytoin
Rifampin

Amiodarone
Azole Antifungals
Cimetidine (weak)
Fluvoxamine
Omeprazole
Ritonavir
“Statins”
Tolbutamide

The ultrarapid metabolizer phenotype (where CYP2D6 activity is overactive) leads to a reduced effectiveness of drug
at standard doses. The prevalence of this polymorphism among different patient populations is Northern European
countries (2%-4%); Mediterranean area (7%–12%); Ethiopians, (29%) and; Saudi Arabian (21%). Conversely, 5%–
10% of the Caucasian population have a CYP2D6 deficiency which often leads to an increased potential for drug
interactions and side effects due to an accumulation of CYP2D6 metabolized drugs and higher serum drug
concentrations, despite administration of “standard doses”.

CYP 2C19
Inducer

Substrate
Barbiturates
Diazepam
Lansoprazole
Omeprazole
Phenytoin
Propranolol
TCAs
Temazepam
Valproic Acid
Zidovudine

Carbamazepine
Norethindrone
Phenobarbital
Phenytoin
Prednisone
Rifampin

CYP 3A4
Inhibitor

Azole Antifungals
Cimetidine (weak)
Fluoxetine
Flu voxamine
Lansoprazole
Omeprazole
Paroxetine
Ritonavir
Ticlopidine

Substrate
Alprazolam
Astemizole
Atorvastatin
Barbiturates
CCBs (not diltiazem)
Cisapride
Clarithromycin
Cyclosporine
Erythromycin
Fentanyl, Halothane
HIV Protease Inhibitors
Loratidine, Lovastatin
Midazolam, SSRIs
Simvastatin, T CAs
Terfenadine, T riazolam

Inducer
Barbiturates
Cyclophosphamide

Dexamethasone
Lansoprazole
Omeprazole
Phenytoin
Rifampin
Sex Steroids

Inhibitor
CCBs (esp. Diltiazem)
Clarithromycin
Corticosteroids
Cyclosporine
Erythromycin
Fluconazole
Fluoxetine
Fluvoxamine
Grapefruit Juice
Itraconazole
Ketoconazole
Lansoprazole
Midazolam
Nefazodone
Omeprazole
Tamoxifen
TCAs

Clinical Relevance of Drug Interactions
 Drug interactions can be caused by enzyme induction, inhibition, or competition
 If an enzyme is induced by a drug, metabolism occurs faster (e.g. Phenobarbital)
 If inhibition occurs the drug is not metabolized as fast (increased blood levels)
 Two or more drugs (competing for) the same enzyme will lead to variations in blood levels
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Case Study #1
A 45 year old woman has been using diazepam intermittingly. She has suffered from GERD for 5 years. Her reflux
symptoms are controlled by omeprazole but she has recently begun to feel drowsy. She asks if this can be caused by
the drugs that she is taking.
Omeprazole is metabolized by CYP 3A4 and by CYP 2C19 and has many interactions with the P450 enzyme system.
Omeprazole inhibits the metabolism of drugs (such as diazepam) which are metabolized by CYP 2C19, which can
result in increased plasma concentrations.
Not all drugs in the same class are metabolized by the same pathway. Thus when prescribing a second or
subsequent drug, potential drug interactions should be considered and drug choice made accordingly. Where a drug
interaction occurs, it is often possible to select another drug in the same drug class with a different metabolic
pathway. Note that there is also polymorphism with CYP 2C19. 2-6% of Asians do not have the enzyme and are
therefore poor metabolizers.
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Out of
of Cell
Cell Wall
Wall
Intestinal
Intestinal
Lumen
Lumen
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Cell Wall
Wall
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Grapefruit Juice is considered a Suicide Inhibitor because it completely destroys some of the CYP3A4 in the small
intestine. Normal enzyme levels of this isoenzyme are reestablished after body makes more, usually in 2 to 3 days
after the juice leaves body. Juice from the frozen concentrate is a more potent inhibitor than fresh juice or ½
grapefruit.
Besides the liver, metabolism also occurs in other parts of the body such as: the intestinal epithelium, biliary
canaliculi, renal proximal tubules, blood-brain barrier, and some tumor cells. The mechanism responsible for this is
the P-Glycoprotein efflux pump, which has gained particular notoriety in explaining the interaction between
grapefruit juice and some medications.
There are, of course, risk factors for drug interactions. The high risk situations are: administration to the very young
and elderly; administration to medically compromised patients; the use of chronic drug therapies involving drugs
that are excreted slowly and; the use of drugs with small margins of safety:
digoxin, warfarin, opioids, lithium, theophylline, thyroid medications
Other points to note: The majority of drug interactions occur with chronic therapy (antibiotics are the exception)
and; most drug interactions occur with cardiovascular, NSAIDs and CNS drugs.
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Summary
 Be careful: titrate to minimize the possibility of
severe reaction occurring (go low, go slow)
 Be aware: If patients come back and say, “I don’t
feel well on this medication”, drug interactions
should be one of your considerations
 The less that a drug is metabolized, the lower the
chance of a drug interaction
 If the drug is not producing the anticipated results,
altered metabolism is a possibility (whether
inhibition, or induction of the substrate or absence
of the enzyme)
 In polypharmacology, drugs with fewer potential
drug interactions should always be considered (e.g.,
Escitalopram, pantoprazole, other…)
Unique Characteristics of Dental Therapeutics
 Usually single dose or short-term therapy
(5-10 days)
 Most dental drugs have large margin of safety
 Use of IV drugs is limited
 Procedures are usually elective
 Drug armamentarium is limited

Consider Your Resources
Texts (Lexicomp’s Drug Information
Handbook for Dentists)
Lexicomp Dental Drug Database
Web-based Services (Drug Reax by
Micromedex)
www.naturaldatabase.com
Clinical Pharmacology by Gold Standard
Multimedia
order1@adecllc.info by Dr. Michael Glick
PDAs (Epocrates, Tarascon and others)

There are numerous potentially dangerous medication interactions and clinically significant factors to consider:
 Metronidazole and Alcohol
 Watch for duplications
 Tetracycline and certain cations
 Ask about ALL the drugs your patient takes
 Antibiotics and Birth Control Pills
 Consider theoretical vs. clinical significance
 NSAIDS & ASA and Warfarin
 Consider age, weight, renal and liver function
 Always consider a drug’s therapeutic index
Lexi-Comp’s Drug Information Handbook for Dentistry: Oral Medicine for MedicallyCompromised Patients and Specific Oral Conditions is one of the most compact text references
available. This resource contains abbreviated monographs on prescription medications and is well known for its
useful charts and comparison tables. It is easy to use and is organized in alphabetical order according to a drug’s
generic name. The handbook provides useful information when looking for a quick response to a simple drug
information request, such as indications, dosages, general adverse effects, and drug interactions. The Drug
Information Handbook provides an updated edition
annually to include new drugs and updates to current
medications.
Drug Information
Handbook for Dentistry:
Physicians’ Desk Reference (PDR): The PDR is a
Oral Medicine for
compilation of drug package inserts. It does not
Medically-Compromised
include all prescription medications because of space
Patients and Specific
limitations. A new PDR is published every year;
Oral Conditions
however, it is important to note that the information
By Wynn, Richard L.
may not be updated with each annual publication. It
PhD
is also important to note that only FDA-approved
indications and dosages can be found within the PDR.
2148 pages
ISBN:
978-1591952039
Lexi-Comp Online: In addition to the compact
handbook, Lexi-Comp also provides Web-based and
PDA resources with annual subscriptions. Lexi-Comp
Online offers a convenient way to search medications

Publisher: Lexi-Comp
$53.95
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quickly and easily. Once a medication is searched, the user can scroll through various parts of the drug
monograph using the simple drop-down menu. This allows the user to move from section to section with ease
and speed. Other features included are a drug-interaction reviewing tool, patient education leaflets, a drugidentification database, lists of drug recalls and shortages, and recent drug news.
Micromedex: Micromedex is a popular Web-based resource. Using one search box, a clinician is able to search
many different databases that include detailed and summarized drug information, toxicology, alternative
medicine, and reproductive risk evaluation. Micromedex’s detailed information highlights Drugdex, PDR, and
Martindale’s (for use in searching foreign medications). The toxicology information that is included with these
resources is trademarked as Poisindex and Identidex. Poisindex identifies ingredients for commercial, biological,
and pharmaceutical products and delivers summarized toxicology data. Identidex allows the clinician to identify
a medication using its embossed lettering or numbering and other descriptive characteristics, such as color and
shape. Other useful tools in this resource include a drug interaction reviewing tool, patient education leaflets for
both prescription drugs and dietary supplements, and clinical calculators to help determine body mass index,
ideal body weight, metric conversions, and others.
Clinical Pharmacology: Clinical Pharmacology is a Web-based application providing a vast array of
information that is both thorough and practical. It has multiple functions, allowing users to obtain product
information, view monographs, identify medications, and print patient education materials. The site also
contains drug class overviews, various interactions (including drug–drug, drug–herbal, drug–nutritional, and
drug–food interactions), and full-color product images.
ICE’s Medical Support System, a website providing resources on medical conditions as they relate to oral
health care. “This unique software will enhance oral health care professionals’ ability to help a patient
population that presents with medical conditions that impact the provision of dental care,” said Dr. Michael
Glick, author of the content on the site. Dr. Glick is professor of oral medicine and dean, School of Dental
Medicine, University at Buffalo, N.Y., and editor of The Journal of the American Dental Association. The site is
located at “www.icemedicalsupport.com”.
The Medical Support System provides up-to-date, point-of-care oral care information that is continually updated
in more than 50 languages. Using the information available on the site, dentists and other dental team members
can assess a patient’s potential for medical complications and the need for dental modifications. Additionally,
subscribers can amass up to three hours of continuing education credits through use of the site. A demo of the
site is available at www.icemedicalsupport.com/demo.
For more information about the Medical Support System, visit http://icemedicalsupport.com/ada or you can
call 1-866-292-9725 or email info@icehealthsystems.com.
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Herbal Interactions
All cultures on all continents have herbal healing traditions. Until the 20th century, most people everywhere had
close contact with foods and herbs where they were grown. Through the 1930s, MDs in US studied and relied on
plant drugs as primary medicines. Medical schools taught plant taxonomy and medicinal plant therapeutics
(pharmacognosy). In 1870, the US Pharmacopeia listed 636 herbal entries. The 1990 edition listed 58. Some
were found unsafe, most were replaced by pharmaceuticals.
Dietary Supplement Health and Education Act of 1994 (DSHEA)
allows 4 types of statements:
1. Role of nutrient in affecting “structure and function” in
humans.
2. Documented mechanism that supplement acts on to affect
“structure and function”.
3. Benefits due to dietary deficiency-must report the prevalence
of disease in USA.
4. Statements of general well-being from consumption of the
supplement.
Depression Example:

Treat depression
Elevate mood

Vitamin A is essential to proper eye function
Calcium is essential for bone health
Saw palmetto promotes prostate health

No
Yes
Yes
Yes
Yes

Herbal Practitioners Today
• In US today, herbal practice can include:
– Herbalists in family or cultural traditions
• Native American medicine men and women
• Latino Curanderos

–
–
–
–

American Herbalist Guild members
Self-taught lay herbalists
Naturopathic physicians
L.Acs with training in Chinese herbs
• Licensed Acupuncturists

– MDs, DOs, DCs with specific interest
in herbs
– Ayurvedic doctors
• The God of Ayurveda Dhanvantari

– Self-prescribers

But “disease” claims not permitted:
Saw palmetto cures or relieves BPH: Not OK
CardioHealth: OK, Hepaticure: Not OK
“Reduces the stiffness of arthritis” not permitted
“Promotes joint health” is permitted
Depending on state law, these kinds of distinctions may also apply to health care practitioners such as
chiropractors. Any structure/function claims must also include:
“This statement has not been evaluated by the Food and Drug Administration. This product is not
intended to diagnose, treat, cure, or prevent any disease”
Under the US Dietary Supplement Health and Education Act of 1994, the FDA can:
 Promulgate good manufacturing practices.
 Refer for criminal action the sale of toxic products.
 Obtain injunction against false claims.
 Seize products that pose unreasonable risk
 Sue company making claims of cure or treating disease.
The FDA cannot regulate supplements as drugs, requiring the same level of proof of efficacy in order for the
supplements to be marketed (this applies to vitamins, minerals, herbs,
nutriceuticals etc.). The FDA is therefore developing the National Center for
Complementary and Alternative Medicine (NCCAM) which can deal with issues of
safety, labeling, enforcement, science based research so that some selfregulation/standards exist.
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Up to 42% of Americans are using some sort of dietary supplement for both prevention and therapeutic
purposes, 6.4 billion dollar industry in 2008.
1.
2.
3.
4.
5.
6.
7.
8.

General Health
Colds
Arthritis
Energy Enhancement
Cholesterol Lowering
Cancer Prevention
Allergies
Weight Management

Differences Between
Herbs and Drugs
Drug
Herbals

Many conventional medications are derived
from herbs:
- 35% prescription drugs
- 60% OTC drugs

Efficacy proof

Proof of efficacy not
required

Monosubstance

Complex compound

FDA-approval
before marketing

No FDA pre-approval
post-marketing
Notification for
structure-function claims
Not patentable

Potency
standardized

Top 20 Selling Herbals for 2013Mass Market HerbalGram 2014;78:61-62
1.
2.
3.
4.
5.
6.
7.
8.
9.
1 0.
1 1.
1 2.
1 3.
1 4.
1 5.
1 6.
1 7.
1 8.
1 9.
2 0.

Usually some guidelines

Patentable

Over 50 population: average of 7 or more
supplements. Someone turns 50 every 10
seconds in the US.

Common Name
1. Garlic
2. Echina cea
3. Saw palmet to
4. Ginkgo
5. Cranberr y
6. Soy
7. Ginseng
8. Black cohosh
9. St. John's wor t
10. Milk thistle
11. Gr een tea
12. Evening primrose
13. Valerian
14. Horny goat weed
15. Gr ape seed extr act
16. Bilberry
17. Red clover
18. Yohimbine
19. Horse chestnut seed ext r.
20. Ginger

Dose established

Lat in Name
Allium sativum
Echinacea spp.
Serenoa r epens
Ginkgo biloba
Vaccinium macrocarpon
Glycine max
Panax ginseng
Actaea r acemosa
Hyper icum perfora tum
Silybum ma rianum
Camellia sinensis
Oenothera biennis
Valer iana officinalis
Epimedium spp.
Vitis vinifera
Vaccinium myrtillus
Trifolium pr atense
Pausynystalia johimbe
Aesculus hippocastanum
Zingiber officinalis

Potency varies

Top 20 Selling Herbals for 2013Mass Market HerbalGram 2014;78:61-62
1.Garlic
2.Echinacea
3.Saw palmetto
4.Ginkgo
5.Cranberry
6.Soy
7.Ginseng
8.Black cohosh
9.St. John's wort
10.Milk thistle

11. Green tea
12. Evening primrose
13. Valerian
14. Horny goat weed
15. Grape seed extract
16. Bilberry
17. Red clover
18. Yohimbine
19. Horse chestnut seed ext.
20. Ginger

Herbals and Dentistry: What are we really worried about?
1.
2.
3.
4.

Bleeding / Hemostasis (Patients on Anticoagulants)
Thromboembolism (Patients on Blood Thinners)
CNS Interactions (Patients who may receive Sedatives)
Blood Pressure Issues (Patients who may be receiving Antihypertensives)
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Top 20 Selling Herbals that may affect

Bleeding / Hemostasis (Patients on Anticoagulants)
1.Garlic
2.Echinacea
3.Saw palmetto
4.Ginkgo
5.Cranberry
6.Soy
7.Ginseng
8.Black cohosh
9.St. John's wort
10.Milk thistle

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Green tea
Evening primrose
Valerian
Horny goat weed
Grape seed extract
Bilberry
Red clover
Yohimbine
Horse chestnut seed ext.
Ginger

Honorable mentions: Alfalfa, Beer, Danshen, Dong Quai,
EDTA, Glucosamine, Licorice, Policansol, Vitamin K,
Willow Bark, Wintergreen.

Top 20 Selling Herbals that may affect
Blood Pressure (Patients on Antihypertensives)
Antihypertensives)

1.Garlic
2.Echinacea
3.Saw palmetto
4.Ginkgo
5.Cranberry
6.Soy
7.Ginseng
8.Black cohosh
9.St. John's wort
10.Milk thistle

11. Green tea
12. Evening primrose
13. Valerian
14. Horny goat weed
15. Grape seed extract
16. Bilberry
17. Red clover
18. Yohimbine
19. Horse chestnut seed ext.
20. Ginger

Honorable mentions: Dolomite, Hawthorn, Indian
Snakeroot, Oleander, Thuja, Yellow Dock

Top 20 Selling Herbals that may affect
Thromboembolism (Patients on Blood Thinners)

1.Garlic
2.Echinacea
3.Saw palmetto
4.Ginkgo
5.Cranberry
6.Soy
7.Ginseng
8.Black cohosh
9.St. John's wort
10.Milk thistle

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Green tea
Evening primrose
Valerian
Horny goat weed
Grape seed extract
Bilberry
Red clover
Yohimbine
Horse chestnut seed ext.
Ginger

Honorable mentions: Danshen, Dong Quai, Policansol,
Willow Bark

Top 20 Selling Herbals that may affect
Cognition (Patients on Sedatives)

1.Garlic
2.Echinacea
3.Saw palmetto
4.Ginkgo
5.Cranberry
6.Soy
7.Ginseng
8.Black cohosh
9.St. John's wort
10.Milk thistle

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Green tea
Evening primrose
Valerian
Horny goat weed
Grape seed extract
Bilberry
Red clover
Yohimbine
Horse chestnut seed ext.
Ginger

Honorable mentions: 5-HTP, Ergot, Hawaiian baby
woodrose, Kava Kava, L-tryptophan, Lithium, SAMe, Thuja

Top Selling Herbals that are Most Prone to Drug Interactions - Indications
Garlic – Atherosclerosis; Colorectal & Gastric Cancer; HT
Echinacea – Common Cold; Vaginal Candidiasis
Ginkgo – Memory; Dementia; Retinopathy; Glaucoma; PMS
Soy – Breast CA; Diabetes; Hyperlipidemia; Menopausal symptoms; Osteoporosis
Ginseng – Diabetes; Respiratory tract infections
St. John's wort - Depression
Evening primrose – Mastaglia; Osteoporosis
Horny goat weed - Osteoporosis
Yohimbine – Erectile Dysfunction (ED); sexual dysfunction
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Top Selling Herbals that are Most Prone to Drug Interactions - EBM
Garlic – Atherosclerosis; HT
Echinacea – No Evidence
Ginkgo – No Evidence
Soy – Possibly Effective
Ginseng – No Evidence
St. John's wort - Depression
Evening primrose – Possible Effective
Horny goat weed – No Evidence
Yohimbine – Possibly Effective

The H.E.R.B.A.L. Mnemonic
• H ear the Patient out with respect
• E ducate the patient
• R ecord and document
• B eware
• A gree to discuss
• L earn about new & popular supplements

Web Resources on Herbs
• American Herbalists Guild:
www.americanherbalistsguild.com
• Herb Research Foundation
www.herbs.org
• Natural Medicines Comprehensive Database
www.naturaldatabase.com
• National Center for Complementary and
Alternative Medicine
www.nccam.nih.gov
• Office of Dietary Supplements
www.ods.od.nih.gov

Which Drugs Do You REALLY Have to Worry About?
Warfarin, Cyclosporine, Digoxin, HIV protease inhibitors, Theophylline, Carbamazepine, Lithium, Thyroid
medications, Opioids
Steps for Detecting and Advising on Herbal/Drug Interactions





Is the patient taking any herbal supplements?
Does the herbal have efficacy for the intended use?
Is the product reliable? (i.e., what are they REALLY taking?)
Is the Rx drug one with a narrow therapeutic margin (warfarin, cyclosporine, digoxin, HIV protease
inhibitors, theophylline, carbamazepine, lithium, thyroid medications, opioids)?
General Guidelines on Use of Herbal Medicines







Take a good history of patient use of herbs and supplements.
Diagnosis needed before using herbs for symptomatic treatment.
Natural does not equal safe.
Generally avoid herbs during pregnancy and lactation.
In children, pay close attention to dosage according to weight.
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Xerostomia and Medications
The presence of saliva usually is taken for granted, and it is not required for any life-sustaining functions.
Nevertheless, its diminution or absence can cause significant morbidity and a reduction in a patient’s
perceptions of quality of life. The primary constituents of saliva are water, proteins and electrolytes. These
components enhance taste, speech and swallowing and facilitate irrigation, lubrication and protection of the
mucous membranes in the upper digestive tract. Additional physiological functions of saliva provide
antimicrobial and buffering activities that protect the teeth from dental caries.
Xerostomia is defined as a subjective complaint of dry mouth that may result from a decrease in the
production of saliva. Xerostomia is not a disease, but it may be a symptom of various medical conditions, a
side effect of a radiation to the head and neck, or a side effect of a wide variety of medications. It may or may
not be associated with decreased salivary gland function. Xerostomia is estimated to affect millions of people
in the United States and is a common complaint found often among older adults, affecting approximately 20
percent of the elderly. However, xerostomia does not appear to be related to age itself as much as to the
potential for elderly to be taking medications that cause xerostomia as a side effect. Studies have found the
condition in 17 to 29 percent of sampled populations based on self-reports or measurements of salivary flow
rates. Complaints of dry mouth generally are more prevalent in women.
Case Example 1
 67 y.o. male
 Complaint of “dry mouth” and ill-fitting dentures
 PMHx: Myocardial infarction, depression
Medications:
 Amitriptyline 50mg po qhs
 HCTZ 50mg po qd
 ASA 81mg po qd
 Ramipril 15mg po qd

Case Example 1

Case Example 2
 58 y.o. female
 PMHx: Allergic rhinitis, NKDA
 Medications: OTC Antihistamines
Two-month history of fatigue and general trouble
sleeping at night, stating that she wakes up often with
a dry mouth and throat. Also states her eyes have been dry, tired and red lately, but she attributes this to her
poor sleep patterns. Currently consuming up to seven pints a day of liquids (coffee, tea, water, juice, milk,
soda, etc.), and is very distressed by her severe dry mouth.
Questions to Ask:
 Do you need to moisten your mouth frequently or sip liquids often?
 Does your mouth feel dry at mealtime?
 Do you have less saliva than you used to?
 Do you have trouble swallowing?
 Is it difficult to eat dry foods such as crackers or toast?
 Do you suffer from any chronic illness, such as diabetes or hypertension?
 What prescription, OTC medications, dietary supplements are you currently taking?
 How often do you brush your teeth?
 Have you noticed any sores in your mouth or on your lips?
 How much water do you drink throughout the day?
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What Xerostomia is . . .

Definition of Xerostomia

Xerostomia is not a disease it is a symptom. It is
defined as dry mouth resulting from reduced or
absent saliva flow, but may or may not be
associated with decreased salivary gland
function. It is not related to age itself as much as
the potential for the elderly to be exposed to
medications that cause xerostomia as a side
effect. Studies have found the condition in 17 to
29 percent of sampled populations based on selfreports or measurements of salivary flow rates.

Xerostomia: Prevalence
 The reported
reported prevalence of
of dry
dry mouth varies

widely due to
to the
the methodological and
and
population differences in various studies.
studies.
 Prevalence has
has been estimated to range from
from
10% to 38%,
38%, with
with 20% the
the most commonly
reported figure.
 Xerostomia is
is becoming increasingly common
common
in developed countries
countries where adults
adults are living
longer and
‐pharmacy is very common
poly
and poly‐
poly‐pharmacy

““Xero”
Xero”
Stomia”
Xero” = Dry & ““Stomia”
Stomia” = Mouth
Xerostomia can be defined as the subjective
sensation of oral dryness that may or may
not be associated with a reduction in
salivary output. It can have profound
negative effects on the quality of life
•• Subjective complaint of
of patient.
•• Diagnosis based on patient complaint and history.
•• Salivary
Salivary flow can
can be
be measured but no
no normal
limits have
have been
been established.

What Xerostomia is not. . .
Xerostomia is not hyposalivation. Hyposalivation is a
decreased flow of saliva. It may be associated with
dehydration, radiation therapy of the salivary gland
regions, anxiety, the use of drugs such as atropine and
antihistamines, vitamin deficiency, various forms of
parotitis, and various syndromes (Sjögren's, Riley-Day,
Plummer-Vinson, and Heerfordt's disease). Xerostomia is
not a disease it is a symptom.
So what is it about saliva?

Gen Dent. 2007;55(4):288‐296.
Wed Dent J Suppl 116: 1‐70, 1996

Xerostomia: Prevalence

A Short Review of Saliva
Production of saliva is by saliva-secreting, oral
glandular tissue which begins development at 6
weeks gestation and is completed by about the
12th week of life. The glandular tissue continues
to enlarge until birth.
Salivary glands can be classified by major and
minor glands. The major salivary glands are the
Parotids, found behind the angle of the jaw,
below and in front of the ears and; the
Submandibular & Sublingual glands found deep
in the floor of the mouth.

Xerostomia
Xerostomia affects
affects 25%
25% of the
the population
population and is
is
becoming
‐growing oral health
becoming one of
of the
the fastest
fastest‐growing
problems in North America:
 Medications are the cause of
of more than 90% of
of
xerostomia cases.
 32 million Americans
Americans today take three
three or
or more
medications daily.
daily.
 Xerostomia was not a great problem in the past
because people did not take as many
medications as they do today.
Gen Dent. 2007;55(4):288‐296.
AGD Impact. 2008;June(Special Report):26‐30.
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Salivary Gland Classifications
The Major Glands



 Parotid
Parotid gland
gland

oo Largest of the 3 major glands
oo Produces 30% of total saliva output
 Parotid
’s duct
Parotid duct
duct is also known as Stenson
Stenson’s
duct
 Parotid/Stenson
Parotid/
Stenson’’s duct exits opposing
Parotid/Stenson’s
opposing the maxillary
maxillary
second molar
Parotid
Parotid gland
gland
oo Located anterior but

inferior to the external
auditory meatus
oo Innervated by sympathetic
and parasympathetic
divisions
oo Secretes serous type saliva

There are Hundreds (600-1000) of other minor
salivary glands. The minor salivary glands are found
on the lips, buccal mucosa, alveolar mucosa, tongue,
and the floor of the mouth. Together, they play a large
role
in salivary production.
The major glands secrete saliva intermittently while
the minor glands secrete saliva continuously.

Salivary Gland Classifications
The Major Glands

Submandibular
Submandibular gland
oo Second
Second largest
largest gland
‐ 70% of
oo Produces
Produces 65
65‐70%
of total
total
saliva
saliva output
output
 The
’s
The duct
duct is
is called Wharton
Wharton’s
duct
duct which
which exits
exits on
on the
the floor
floor
of
of the
the mouth
mouth opposing
opposing the
lingual
lingual surface of the
the tongue
tongue
oo Innervated
Innervated by
by parasympathetic
parasympathetic
Submandibular
Submandibular gland
nerve
nerve endings
endings and
and possesses NO
sympathetic
sympathetic receptors
oo The
The parasympathetic
parasympathetic fibers arrive
arrive through the
the facial and
and
glossopharyngeal
glossopharyngeal nerves
oo Mixed
Mixed secretion
secretion – mostly
mostly serous
serous

Salivary Gland Classifications
The Major Glands


Sublingual glands
o Smallest of the major
glands.
o Produce less than 5%
of total saliva output
 Saliva delivered via the

ducts of Bartholin

Sublingual gland

o Innervated by parasympathetic fibers
o Little or no sympathetic influence
o Mixed secretion – mostly mucous

Salivary Flow
 Unstimulated Flow (resting salivary flow
flow?
? no
no

external stimulus)
oo Typically 0.2 mL – 0.3 mL per minute
oo Less than 0.1 mL per minute means the person has

hyposalivation



Hyposalivation – not producing enough saliva

 Stimulated Flow
Flow (response
(response to a stimulus, usually
usually

taste, chewing, or medication [e.g., at mealtime])
oo Typically 1.5 mL – 2 mL per minute
oo Less than 0.7 mL per minute is considered

hyposalivation

In the UNSTIMULATED state the relative contribution
of the major salivary glands is:
1) Submandibular gland=69%
2) Parotid gland=26%
3) Sublingual gland=5%
In the STIMULATED state the relative contribution of
the major salivary glands is:
1) Parotid gland=69%
2) Submandibular gland=26%
3) Sublingual gland=5%
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Salivary Composition
90% of saliva is water.
 10% is composed of inorganic and
organic ions, and cellular components”
components”
o sodium, potassium, and calcium are
positive ions (cations
cations).
).
((cations).
o chloride, bicarbonate, and phosphates
are negative ions (anions).
 The cationic and anionic components
play an important role in the function of
saliva.


Although the sublingual glands and minor salivary
glands contribute only about 10% of all saliva, together
they produce the majority of mucous and are critical in
maintaining the mucin layer over the oral mucosa.
Ptyalism (drooling) may be secondary to salivary
hypersecretion caused by either excessive salivary flow,
or a salivary flow rate which surpasses the ability to
swallow the saliva. Possible surgical treatments for
Ptyalism are tympanic neurectomies (eliminating
parasympathetic innervation to the Parotid gland) or
Parotid duct rerouting. 80-90% of salivary gland stones
occur in the Submandibular gland, and of those, 85%
occur in Wharton’s duct.

As saliva passes through the salivary ducts, cations
(sodium and chloride) are reabsorbed into the adjacent
blood vessels. In exchange, bicarbonates and potassium
are transferred from the blood vessels into the salivary ducts. With stimulated salivary flow saliva passes
through the salivary duct very rapidly (a negative result of fast flow). It impedes the exchange of sodium and
chloride for potassium and bicarbonate. With unstimulated salivary flow, the saliva has a high content of
potassium and bicarbonate (a positive result of slow flow). The quality of unstimulated saliva will change
when flow increases because of a stimulus (chewing gum, thinking about lemons, looking at a food you crave).
Salivary glands can also be classified by their type of
secretion:




Serous: very thin and watery (parotid gland and
lingual glands of von Ebner).
Mucous: very thick and viscous (palatine glands
posterior lingual glands labial buccal glands).
Mixed secretions: mixture of the two (Sublingual
glands are mostly mucous with some serous
while submandibular glands are mostly serous
with some mucous and the anterior lingual
glands are a mixed secretion still).

The Innervation of Salivary Glands

Saliva
 The
The average volume of
of saliva
saliva secreted in a 24
24 hour
hour

period
period is
is 1‐1.5
1‐1.5 liters (approximately 11 mL/minute),
mL/minute),
most of
of which is
is secreted during
during meals.
 Basal salivary
salivary flow
flow rate == 0.001‐0.2
0.001‐0.2 mL/minute/gland.
 With stimulation,
stimulation, salivary flow rate
rate increases
increases to
0.18‐1.7 ml/min/gland.
ml/min/gland.
 Salivary flow rate from
from the minor
minor salivary
salivary glands
glands is
independent of
of stimulation,
stimulation, constituting 7‐8%
7‐8% of
of total
salivary output.
 Flow rates
rates can
can fluctuate by as
as much as 50
50 percent
percent with
diurnal rhythms.
rhythms.

Both the parasympathetic and sympathetic nervous systems innervate the salivary glands. Parasympathetic
stimulation induces more watery secretions, whereas the sympathetic system produces a sparser and more
viscous flow. Therefore, a sensation of dryness may occur, for example, during episodes of acute anxiety or
stress, which cause changes in salivary composition owing to predominant sympathetic stimulation during
such periods.
The parasympathetic nervous system is the primary instigator of salivary secretion. Interruption of
parasympathetic innervation to the salivary glands results in atrophy, while interruption of sympathetic
innervation results in no significant change in the glands. It was once thought that the sympathetic nervous
system antagonizes the parasympathetic nervous system with respect to salivary output, but this is now
known not to be true.
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The parasympathetic fibers leave the brain via 3 cranial nerves:
1. Facial (VII) - enter the sublingual and submandibular glands and the minor salivary glands of the
mucous membrane of the mouth, pharynx and nasopharynx.
2. Glossopharyngeal (IX) - converge into the parotid gland.
3. Vagus (X).
Parasympathetic cholinergic nerve fibers induce
the formation of large amounts of low-protein,
serous saliva and as stated above, parasympathetic
denervation of the major salivary glands leads to
an immediate reduction of salivary secretion.
Stimulation by the parasympathetic nervous
system results in an abundant, watery saliva with a
decrease in amylase concentration in the saliva.
Acetylcholine is the active neurotransmitter,
binding at muscarinic receptors in the salivary
glands. Stimulation by the sympathetic nervous
system results in a scant, viscous saliva rich in
organic and inorganic solutes with an increase in
amylase concentration in the saliva.
The Primary Functions of Saliva:
 Antimicrobial activity.
 Mechanical cleansing action.
 Control of pH.
 Removal of food debris from the oral cavity.
 Lubrication of the oral cavity.
 Remineralization.
 Maintaining the integrity of the oral
mucosa.

Normal Function of Saliva














Hydrating–
Hydrating
–moisturizing
Hydrating–moisturizing
Cleansing
Cleansing
Lubrication
Lubrication
Digestion
Remineralization of dentition
dentition
(pH maintenance,
maintenance, buffering)
buffering)
Maintenance of
of mucosal
mucosal integrity
integrity
Immunity
Immunity mediator
Antimicrobial (antifungal,
(antifungal, antibacterial)
antibacterial)
Stimulation
Stimulation of minor
minor salivary
salivary glands
glands
Cellular
Cellular maintenance
maintenance
Enables
Enables swallowing
swallowing
Enables
Enables tasting
tasting
Enables
Enables speech
speech articulation
articulation

How
Howdoes
does saliva
salivaflow
flowhelp
help preserved
preservedenamel?
 Saliva flow critical
critical to
tothe
the preservation
preservation of enamel
enamel
 Saliva effect is
is due
due to:
 pH
pHbuffering
bufferingand
and presence of calcium and
andphosphate
phosphatein
in saliva.
 Proteins
Proteins that attach
attach to and stabilize the
thesurface
surface‐‐ pellicle
pellicle

Salivary hypofunction causes:
 Candidiasis
 Lichen Planus
 Burning Mouth
 Aphthous ulcers
 Xerostomia

 Low saliva states: radiation treatment, medications,
medications,autoimmune
autoimmune

diseases
diseases of
of salivary
salivary glands

 Everyone
Everyone has low saliva flow when
when sleeping
sleeping



Patients should
carbs at bedtime &
should avoid
avoid eating sugar/
sugar/carbs
must
must brush before
before going
going to
to sleep
Acid Attack

The primary constituents of saliva are water,
proteins and electrolytes. These components
enhance taste, speech and swallowing and
facilitate irrigation, lubrication and protection of
the mucous membranes in the upper digestive
tract. Additional physiological functions of saliva
provide antimicrobial and buffering activities that
protect the teeth from dental caries.

pH

Normal saliva
flow

Demineralization
threshold (pH 5.5)

Dry
Mouth
Time (minutes)
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As stated above, saliva possesses many important functions including antimicrobial activity, mechanical
cleansing action, control of pH, removal of food debris from the oral cavity, lubrication of the oral cavity,
remineralization and maintaining the integrity of the oral mucosa.
Fluoride is also secreted in saliva but unlike the ions in saliva, the fluoride content (level) is not altered
whether the salivary flow is simulated or unstimulated.
So What Causes Xerostomia?
Xerostomia is a common and significant side effect of many commonly prescribed drugs. Establishing relative
incidence rates for xerostomia for a particular drug, however, is difficult.
As with other side effects, reported rates
depend on how the information is accessed
(direct vs. open-ended questions), the
severity of concomitant adverse reactions,
over-reporting for new drug entities, the
disorder being treated and the dose of the
medication. Nevertheless, the risk for
xerostomia increases with the number of
drugs being taken. Older people, therefore,
are more likely to be affected. In the geriatric
population, drug-induced xerostomia has
been reported to contribute to difficulty with
chewing and swallowing; this may result in
avoidance of certain foods. A case of a
patient’s inability to dissolve a sublingual
nitroglycerine tablet owing to lack of saliva
has been described in the literature. A variety
of drugs that have a wide range of
therapeutic activities have been reported to
cause xerostomia in 10 percent or more of
patients.

So what causes Xerostomia?


Can be
procedure
‐induced.
be procedure‐
procedure‐induced.
 Radiation Therapy
Therapy





Renal
Renal Dialysis
Dialysis

Can be
‐induced.
be disease
disease‐induced.

 Sj
ögren’ s Syndrome
Sjögren’s
Syndrome
 Connective Tissue Disease
Disease (Rheumatoid Arthritis, SLE,
SLE,







Systemic Sclerosis,
Sclerosis, Mixed
Mixed connective
connective tissue
tissue disease).
disease).

Graft
‐vs.‐Host Disease
Biliary
Graft‐vs.‐Host
Disease
Biliary Cirrhosis
HIV/AIDS
HIV/AIDS
Anxiety
Anxiety or
or Depression
Depression
Diabetes,Type
Diabetes,Type 1 or 2





Vasculitis
Vasculitis
Chronic Active Hepatitis
BMT
BMT

Can be
‐induced.
be drug
drug‐induced.

So what causes Xerostomia?
 Medication
Medication
 Autoimmune
Sjogren’ s syndrome,
Autoimmune disease
disease ((Sjogren’s
syndrome, lupus)
lupus)
 Systemic
sarcoidosis
Systemic diseases (diabetes, asthma,
asthma, kidney,
kidney, sarcoidosis,
sarcoidosis,, HIV)
HIV)
 Stress/anxiety/depression
Stress/anxiety/depression55
 Radiation
Radiation therapy to the
the head and
and neck
neck
 30
30 Gy = glandular fibrosis
fibrosis (gland
(gland can still produce some
some saliva)
 60‐
60
‐70 Gy
60‐70
Gy = glandular destruction (gland can no
no longer produce

saliva)
saliva)
 Gender
Gender (70
(70 % female,
female, usually postmenopausal)
postmenopausal)
 Sympathomimetic
Sympathomimetic medications (stimulate the sympathetic nervous

system)
system)
 Parasympatholytic
Parasympatholytic medications
medications (inhibit
(inhibit the parasympathetic

Drug-induced hyposalivation also can be an
extension of the drug’s intended action, as seen
with the parasympatholytic agents, such as
atropine, or as an anticholinergic side effect with
drugs such as tricyclic antidepressants.
When xerostomia is associated with
xerophthalmia, also known as “dry eyes,” it may
represent a chronic autoimmune condition that is
recognized as Sjögren’s syndrome, which affects
predominantly women after the fourth decade of
life.

nervous
nervous system)
system)
 Circadian
ring)
Circadian rhythms
rhythms (decreases
(decreases in the fall
fall and
and increases
increases in
in the
the sp
spring)
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Guggenheimer J, Moore PA. Xerostomia: etiology, recognition and treatment. JADA. 2003 Jan;134(1):61-
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Drug‐Induced Xerostomia
 27 yo male
male
 6
’ 2” 170
6’2”
170 lbs
lbs
 BP 124/68, P 67
 Addiction
Addiction to

OxyContin® for 4 yrs
 Meds:
Meds: Methadone
 Smokes 2 PPD
PPD

Xerogenic drugs can be found in 42 drug
categories and 56 subcategories. More than 400
commonly used drugs can cause xerostomia. The
main culprits are antihistamines, antidepressants,
anticholinergics, anorexiants, antihypertensives,
antipsychotics, anti-Parkinson agents, diuretics
and sedatives. Other drug classes that commonly
cause xerostomia include antiemetics, antianxiety
agents, decongestants, analgesics, antidiarrheals,
bronchodilators and skeletal muscle relaxants.
These effects are generally not permanent.

In primary Sjögren’s syndrome, the disease is
limited to the eyes and salivary glands. With
Dry mouth
mouth is listed a possible
possible adverse
adverse reaction
reaction for
for
secondary Sjögren’s syndrome, patients also have
OxyContin
OxyContin®®!!
an autoimmune or connective tissue disease. It is
estimated that 15 percent of patients with
rheumatoid arthritis, 25 percent of those with systemic sclerosis and 30 percent of those with systemic lupus
erythematosus may develop Sjögren’s syndrome. Symptoms comparable with those of Sjögren’s syndrome
also have been reported to occur with fibromyalgia, chronic fatigue syndrome, Raynaud’s phenomenon and
other conditions that demonstrate the
presence of autoantibodies.

Primary Sjogrens’ Syndrome

The xerostomia that is associated with
primary and secondary Sjögren’s
syndrome has been
attributed to the progressive lymphocytic
infiltration that gradually destroys the
secretory acini of the major and minor
salivary glands. Another explanation for
the loss of glandular function may be
related to an inhibition of nerve stimuli of
the glands. It has been suggested that the
reduction in secretions first may affect the
minor salivary glands, which can initiate
the symptoms of xerostomia.

Signs and Symptoms of Xerostomia







Problems with eating, speaking/swallowing and wearing dentures.
Dry, crumbly foods, such as cereals and crackers, may be particularly difficult to chew and swallow.
Denture wearers may have problems with denture retention, denture sores and the tongue sticking to
the palate.
Taste disorders (dysgeusia).
Painful tongue (glossodynia).
An increased need to drink water, especially at night.

Other Notes or Questions to Ask:

Saturday, June 3, 2017

Copyright, Dr. Mark Donaldson

Page 28 of 56

Consequences of Xerostomia









Xerostomia can lead to markedly increased dental caries.
Parotid gland enlargement.
Inflammation and fissuring of the lips (cheilitis).
Inflammation or ulcers of the tongue and buccal mucosa.
Oral candidiasis.
Salivary gland infection (sialadenitis).
Halitosis.
Cracking and fissuring of the oral mucosa.
Management of Xerostomia

Symptomatic Treatment:
 Increasing existing saliva flow.
 Replacing lost secretions.
 Control of dental caries.
 Specific measures such as treatment of infections.
Self-care:
 Be vigilant in minimizing the risks to dental health.
 Conduct a daily mouth exam, checking for red, white or dark patches, ulcers or tooth decay.
 Reported anything unusual to physician or dentist.
 Products containing sodium lauryl sulfate should be avoided (aphthous ulcers or canker sores).
 Sodium fluoride rinses should be held in the mouth for at least one minute before expectorating.
 Fluoride gels can be left in place for 2-3 minutes before expectorating.
 Chlorhexidine rinses can reduce Lactobacillus.
 Dentures should not be worn during sleep and should be kept clean by overnight.
 Acrylic appliances should be soaked in a sodium hypochlorite solution, and metal dentures should be
soaked in chlorhexidine.
 Avoid sugary or acidic foods or beverages.
 Avoid irritating foods that are dry, spicy, astringent or excessively hot or cold.
 Tobacco and alcohol intake should be eliminated to control dental caries.
 A cold air humidifier may aid mouth breathers who typically have their worst symptoms at night.

JADA 2009;138(September–Suppl):15S-20S.
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JADA 2009;138(September–Suppl):15S-20S.
Over-The-Counter Products




Saliva Substitutes

Saliva substitutes.
Saliva stimulants.
Dentrifrices.

Lubricants such as Orajel® or Vaseline® and glycerin
swabs on the lips and under dentures may relieve
drying, cracking, soreness and mucosal trauma.
Saliva stimulants (sialagogues), such as sugarless
candies and chewing gum, may be used to stimulate
saliva flow when functional salivary glands remain.
Patients should be advised to take frequent sips of
water throughout the day and to suck on ice chips.
Eating foods such as carrots or celery may also help
patients with residual salivary gland function.
Saliva Substitutes






Replacement therapy rather than a cure.
Artificial saliva or saliva substitutes replace moisture and lubricate the mouth.
Formulated to mimic natural saliva, but they do not stimulate salivary gland production.
Available commercially (solutions, sprays, gels and lozenges), but they can be compounded.
In general, they contain an agent to increase viscosity, such as carboxymethylcellulose or
hydroxyethylcellulose, minerals such as calcium and phosphate ions and fluoride, preservatives and
flavor.
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Saliva Stimulants







Not appropriate for patients whose salivary
gland function has been lost (i.e., radiation
treatment) as its effect is to stimulate functional
salivary glands.
Natrol Dry Mouth Relief® utilizes anhydrous
crystalline maltose (ACM) to stimulate saliva
production.
ACM shown to increase secretions and
significantly improve patient's subjective
assessment of symptoms in Sjögren's
Syndrome.
Formulated as lozenges which are to be dissolve
in the mouth three times daily.

Saliva Stimulants

U.K.
U.K.
only
only at
this
this
time

Dentrifrices

Dentrifrices










Used with a toothbrush for cleaning and polishing teeth.
Typically contains a mild abrasive, detergent, flavoring
agent, fluoride, and binder (i.e., toothpaste).
Biotene® and Oral Balance® products are antixerostomia
dentifrices that contain three salivary enzymes,
lactoperoxidase, glucose oxidase and lysozyme, specifically
formulated to activate intra-oral bacterial systems.
Biotene® Dry Mouth Toothpaste
Biotene® Gentle Mouthwash
Biotene® Dry Mouth Gum
Oralbalance® Long-lasting Moisturizing Gel
Biotene®Dry Mouth Kit

Prescription Products






Pilocarpine
Cevimeline
Anethole trithione
Yohimbine
Human interferon alfa (IFN-a)

Pilocarpine (Salagen®)
A cholinergic parasympathomimetic agent with predominantly muscarinic M3 action that causes stimulation
of residual functioning exocrine glands. The tablets are indicated for the treatment of symptoms of dry mouth
from salivary gland hypofunction caused by Sjögren's syndrome or by radiotherapy for cancer of the head and
neck. The time to reach peak concentrations following oral administration is approximately 1.25 hours. The
duration of sialogogic effect is about two to three hours.
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In clinical studies, pilocarpine at dosages of 5-30 mg, divided into one to four
oral daily doses, was shown to significantly decrease dryness of the mouth and
eyes compared to artificial saliva or placebo in patients with Sjögren's
syndrome and those who developed xerostomia following radiation therapy.
Pilocarpine is contraindicate-ed in patients with uncontrolled asthma,
narrow-angle glaucoma or iritis. It has a pregnancy risk category C and side
effects include increased sweating and GI intolerance, hypotension, rhinitis,
diarrhea and visual disturbances. 6-12 weeks of uninterrupted therapy may be
necessary before improvement in symptoms is seen. The average wholesale
price (AWP) for 30 days of treatment with Salagen® 5 mg QID is $152.64.
Pilocarpine Eye Drops – Orally??
Pilocarpine eye drops have been used in patients with Sjögren's syndrome in
an effort to reduce the cost of treatment. The eye drops were also used before
the availability of the tablets. The gastrointestinal absorption of the solution
appears to be similar to that of the tablets, although there have been no
specific studies to show this. It is not surprising that the eye drops would work
when given orally, since systemic effects have occurred after intraocular administration of pilocarpine
solution. The ophthalmic solution has been shown to be as effective as the tablets, and has been equally
acceptable. Importantly, the cost can be significantly less.
One study used four drops of 2% pilocarpine solution, swish and swallow, three times daily. In this study,
pilocarpine stimulated saliva production in more than 75% of patients. The volume of each dose depends on
the concentration of the solution used. Since the usual dose is 5 mg four times per day, the amount of solution
used should reflect this same dose. For example, there is 5 mg in each mL of a 0.5% solution. If using a 0.5%
solution, a patient would use about eight bottles each month. At $9.00 per bottle, that's $56.00 per month.
The cost savings will be greater if more concentrated pilocarpine solutions are used. And although they are
not toxic in moderate doses, using a higher concentration also reduces exposure to preservatives in the eye
drops. For example, there is 20 mg in each mL of a 2% solution, so only 0.25 mL, or about five drops, is
required for each dose. In this case a patient would only use two bottles each month, with a monthly cost of
about $20.00 per month.
Remind patients to avoid substances that can exacerbate dry mouth, such as anticholinergic medications,
tobacco, and alcohol. Suggest patients use a syringe instead of counting drops to more accurately measure
each dose.
Cevimeline (Evoxac®)
Cevimeline is a cholinergic agonist with a high affinity for the muscarinic M3 receptors
located on lacrimal and salivary gland epithelium, leading to an increase in exocrine
gland secretions including saliva and Xerostomia information for dentists. It is indicated
for the treatment of symptoms of dry mouth in patient's with Sjögren's syndrome. It is
rapidly absorbed from the gastrointestinal tract, reaching peak concentrations in
approximately 90 minutes without food. Its duration of sialogogic effect is unclear.
Clinical trials have shown it to be more effective than placebo in relieving symptoms of
dry mouth. No clinical trials are available comparing it to pilocarpine.
It is contraindicated in patients with uncontrolled asthma, narrow-angle glaucoma, or
iritis. It is pregnancy category C. Excessive sweating and nausea are the most frequently
reported adverse effects with cevimeline. Rhinitis, diarrhea and visual disturbances,
especially at night, can also occur. The recommended oral dosage is 30 mg TID. The
average wholesale price for 30 days of treatment is $118.
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Anethole Trithione
Anethole trithione is a bile secretion stimulating drug, or
cholagogue. It is available over-the-counter (OTC) in
Canada & Germany. It stimulates the parasympathetic
nervous system and increases the secretion of acetylcholine,
resulting in the stimulation of salivation from serous acinic
cells. Anethole trithione has been used for many years in the
treatment of chronic xerostomia, but reports differ
regarding its efficacy. While some studies report
improvements in salivary flow rates in drug-induced
xerostomia, trials in patients with Sjögren's syndrome show
conflicting results. Side effects reported include abdominal
discomfort and flatulence. Dosages of 75 mg three times
daily may be effective in treating patients with mild-tomoderate symptoms of xerostomia, but further research is
needed to establish its safety and efficacy in this setting.
Yohimbine
Yohimbine is an alpha-2 adrenergic antagonist which indirectly
results in an increase of cholinergic activity peripherally.3,30 In
one small, randomized, double-blind, crossover study, the effect
of yohimbine was compared to that of anethole trithione in 10
patients treated with psychotropic medications. Patients given
yohimbine 6 mg three times daily for five days showed
significantly increased saliva flow (p<0.01) when compared with
anethole trithione 25 mg TID.

Human interferon alfa (IFN-a)
Human interferon alfa (IFN-a) is currently undergoing clinical trials
to determine the safety and efficacy of low-dose lozenges in the
treatment of salivary gland dysfunction and xerostomia in patients
with Sjögren's. In one study, IFN-a lozenges at dosages of 150 IU
given TID for 12 weeks resulted in a significant increase in stimulated
whole saliva (p=0.04) when compared with placebo.
Future Therapies
Development of saliva substitutes based on novel thickening agents in hopes of providing longer retention on
the mucosal surface is another area of current research. Substitutes based on linseed polysaccharide
(Salinum®, Miwana AB, Gallivare, Sweden) or xanthan gum polysaccharide (Xialine®, Lommerse Pharma BV,
Oss, the Netherlands ) have been shown to be effective in patients with Sjögren's syndrome. Another area of
research includes the production of antimicrobial peptides originally derived by histatins, antifungal proteins
naturally occurring in serous salivary glands. Prednisolone irrigation of parotid glands is being investigated as
a potential treatment of xerostomia in patients with Sjögren's syndrome.

Other Notes or Questions to Ask:

Saturday, June 3, 2017

Copyright, Dr. Mark Donaldson

Page 33 of 56

Slow-release delivery systems for pilocarpine are also being investigated. Vaccination with autoreactive T cells
or with T cell receptor peptides is another area of research, as is the possibility of inserting water transporting
proteins or aquaporins, in the cell membrane of the ductal cells.
Case Example (Conclusion)
The most common disease causing xerostomia is Sjögren's syndrome, a chronic inflammatory autoimmune
disease that occurs predominantly in postmenopausal women. As many as 3% of Americans suffer from
Sjögren's, with 90% being women with a mean age at diagnosis of 50 years. It is characterized by lymphocytic
infiltration of salivary and lacrimal glands, resulting in xerostomia & xerophthalmia (“sicca complex”).
Enlargement of major salivary glands occurs in about one-third of patients with Sjögren's.
There is no cure; the goal of therapy is to manage symptoms: Xerostomia, xerophthalmia, blurred vision,
recurrent eye and mouth infections, dysphagia or difficulty swallowing, oral soreness, smell and taste
alternations, fissures on the tongue and lips, fatigue, dry nasal passages and throat, constipation and vaginal
dryness.
For her allergic rhinitis, a non-sedating antihistamine and avoidance of products containing decongestants.
Review self-care measures (with emphasis on minimizing caffeine consumption and smoking). Encourage her
to quit smoking. Give advice about good oral hygiene. Encourage adequate fluid intake, avoiding caffeine and
sugar-containing products and alcohol. Consider the use of an artificial saliva and/or OTC saliva stimulant.
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Better Medicine, Better Dentistry: Appropriate Analgesic Prescribing
Classification of Pain: Most Americans experience three or four types of pain per year. There are over 50
million Americans partially or totally disable by pain with an annual cost to the system of $336 billion
(American Academy of Pain Medicine 2015). The goals of therapy for pain are to decrease the intensity,
increase physical activity, appropriate use of medications, regulation of sleep patterns and moods, as well as
reestablishing work habits.
Acute pain has a treatment goal of a cure. Most of the symptoms associated with chronic pain are not
present. Chronic pain often results in dependence and tolerance, psychological component is a major
problem, a significant environmental change and family involvement and insomnia. The treatment goal for
chronic pain is rehabilitation, not a cure.
Treatment may involve one or more of the following pain management options: Physical, Psychological or
Pharmacological. Physical management involves exercise, cutaneous stimulation, repositioning and
counterstimulation (acupuncture). Psychological management involves relaxation techniques, patient
education support groups and meditation. Pharmacological management involves non-opioid analgesics,
opioid analgesics and co-analgesic medications.
Dentists write approximately 20 million prescriptions for analgesics annually in U.S.. The major indication in
dentistry is to manage postoperative pain, requiring a prescription of only a few days duration. Most often the
challenge is to give high enough doses over a few short days to cover the inflammatory period, without putting
the patient at risk of adverse sequelae. Although the cornerstone of these prescriptions focus on the nonopioid analgesics and opioid analgesics, it is important to remember that most pain of dental origin is due to
the inflammatory process, which is why non-steroidal antiinflammatory drugs (NSAIDs) make the most sense
for treatment. Opioid-based medications act centrally and do not have antiinflammatory properties.
The Drug Armamentarium: We will discuss pharmacological pain management by dividing the
discussion into Peripheral Analgesics (non-opioid analgesics), Central Analgesics (opioid analgesics), CoAnalgesics and Local Anesthetics.
Analgesics used for Postoperative Dental Pain
Acetaminophen - Tylenol
Aspirin - Aspirin (various)
Ibuprofen - Advil, Motrin, Nuprin
Flurbiprofen - Ansaid
Diflunisal - Dolobid
Naproxen - Naprosyn, Aleve
Ketorolac - Toradol
Ketoprofen - Orudis
Etodolac – Lodine
Codeine - Codeine (in various)
Oxycodone - Percocet, Percodan
Meperidine - Demerol
Pentazocine - Talwin
Hydrocodone - Lortab, Vicodin
Dihydrocodeine - Synalgos-DC
Propoxyphene - Darvon
* Propoxyphene-containing products such as
Darvon were removed from the US market in
2010 .
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Peripheral Analgesics: non-Opioid Analgesics
Acetaminophen may be the most ubiquitous
medication in this category. It is comparable to
ASA and NSAIDs in analgesic and antipyretic
activity, but only has a weak anti-inflammatory
activity. In patients who are maintained on blood
thinners or have a history of bleeding
complications, acetaminophen dose offer one
major advantage over ASA and NSAIDs as it has a
minimal antiplatelet effect and does not injure the
gastric mucosa. Adult dosages range from 325mg
to 1000mg administered three to four times per
day, with a maximum daily dose of no more than
4.0 grams (4000mg) to avoid hepatotoxicity. In
those patients at risk for liver problems (e.g., Chronic alcoholics, hepatitis patients), the maximum
recommended dose should not exceed 2.0 grams (2000mg). The pediatric dose of acetaminophen is 10-15
mg/kg/dose orally every 4-6 hrs (maximum 5 doses/day).
Prostaglandins generated
during tissue damage direct
some actions of inflammation:
fever, pain and vasodilation.
Inhibiting prostaglandin
synthesis leads to a decrease in
this response, which led to the
advent of NSAIDs as an
alternative to acetaminophen.
The mechanism of action of
NSAIDs is to block the
conversion of arachidonic acid
to prostaglandins. Arachidonic
acid is a by-product of the
breakdown of injured cell
membrane phospholipids by
the enzyme phospholipase. Non-selective COX inhibitors not only block the inflammatory prostanoids
which produce pain, tenderness, vasodilation and fever, but they also inhibit the cytoprotective prostanoids
that maintain a normal gastric mucosa and normal platelet aggregation. COX-2 inhibitors only block the
inflammatory prostanoids and do not effect the protective gastric mucosa and hemostasis.
There are a plethora of NSAIDs on the market and rather than reviewing each one individually, some key
points should be stressed. Be familiar with at least three agents and their usual dosing regimens and
maximum daily dosages. Some examples are:




Ibuprofen (Motrin) 400-600 mg four times a day (max daily dose is 2400mg)
Diclofenac (Voltaren) 25-50mg two or three times a day (max daily dose is 200mg)
Naproxen (Naprosyn) 250-500mg two or three times a day (max daily dose is 1500mg)
Aminoshariae A, Kulild JC, Donaldson M, Hersh EV. Evidence-based recommendations for analgesic
efficacy to treat pain of endodontic origin: A systematic review of randomized controlled
trials. J Am Dent Assoc. 2016;147(10):826-39
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NSAID Mortality: Fortunately or
unfortunately, many of these
medications are now available
without a prescription, which may
give prescribers the false sense that
they are completely “safe” (without
adverse sequelae). In fact, 16,500
people die in US each year due
to NSAID complications. The
mechanism of action of NSAID’s is
to inhibit both COX-1 and COX-2
(cyclooxygenase isoenzymes) which
are responsible for the production of
prostaglandins: the mediators of
inflammation. Some of these
prostaglandins are cytoprotective, however, as part of the body’s natural homeostatic process. By nonspecifically inhibiting both isoenzymes, NSAIDs have been associated with an increased rate of gastritis,
gastric erosion and even ulceration.
Wolfe MM, Lichtenstein DR, Singh G. Gastrointestinal toxicity of nonsteroidal
antiinflammatory drugs. N Engl J Med. 1999 Jun 17;340(24):1888-99.
Baseline Risk of Peptic Ulceration: Hospitalization risk due to peptic ulceration is about 0.2% per year
in non-NSAID users. The risk increase to 0.8% in patients currently taking NSAIDs and GI hemorrhage is the
most common presentation. The risk is higher in men than women. The range of risk is from 0.5% to 1.7%
depending on dose, drug and duration.
NSAID Prescribing: Not all NSAIDs are created equally. The risk of GI toxicity varies from: ibuprofen 
ASA  diclofenac  naproxen  indomethacin  piroxicam  ketoprofen ketorolac. When
you prescribe NSAIDs, do so only to patients who do not respond to acetaminophen. Select the NSAID with
the lowest toxicity and prescribe the lowest possible dose for the shortest duration of time. The use of NSAIDs
may be considered relatively safe when
prescribed at the most effective dose and for
the shortest duration of time, which was
defined as 10 days or fewer
Aminoshariae A, Kulild JC, Donaldson M.
Short-term use of nonsteroidal
anti-inflammatory drugs and adverse effects:
An updated systematic review.
J Am Dent Assoc. 2016;147(2):98-110
COX - 2 INHIBITORS:
COX-2 Inhibitors were developed to decrease GI effects of NSAIDS. Older NSAID’s inhibit both COX-1 and
COX-2 prostanoids. COX-1 is responsible for protecting the GI mucosa (cytoprotective). COX-2 is
responsible for inflammatory mediation. COX-2 selectivity increases from:
ketorolac  ketoprofen  indomethacin  ASA  ibuprofen piroxicam  diclofenac 
celecoxib meloxicam
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When rofecoxib (Vioxx) was available, it was the most selective of available NSAIDs (>50-fold potency for
COX-2 over COX-1) and was is twice as selective as celecoxib. Vioxx was unfortunately removed from the US
market in 2004. The COX-2 inhibitor seem to be equally effective as the NSAIDs. There seems to be no
difference in overall adverse effects. There seems to be no difference in real effects. In these 3 studies no
dyspeptic symptom differences were noted. However, there was an absolute difference in endoscopically
proven ulcer of 10 – 25% decrease. Also note that where COX-2 inhibitors were used, they had no effect on
platelets.
Differences between the COX-2s: If a patient has a sulfa allergy you should avoid the
Celecoxib/Valdecoxib medications. There still is a question if one should not prescribe COX-2s if an aspirin
allergy exists. Recognize that Celecoxib has a slightly slower onset of activity. Obviously, with the removal of
Vioxx & Bextra from the market, adverse effects can not be ruled out!
When to use a COX-2? Use a COX-2 inhibitor if other less expensive NSAIDs have been shown to be
ineffective or not tolerated. Use a COX-2 inhibitor if cost is not an issue. Use a COX-2 inhibitor if your
patient is controlled on a blood thinner like coumadin. Use a COX-2 inhibitor if you are planning to use
misoprostol with an NSAIDS.
These newer medications can be up to ten times more expense than the traditional NSAIDs, and should
generally be reserved for those patients who have failed prior treatment with NSAIDs, or if they are controlled
on a blood thinner like coumadin.




rofecoxib (Vioxx) 50mg QD
veldecoxib (Bextra) 10mg QD
celecoxib (Celebrex) 200mg BID

Donaldson M and Goodchild JH.
Appropriate analgesic prescribing for the
general dentist. Gen Dent 2010; 58(4):291-7.
Becker DE. Managing Acute and
Postoperative Dental Pain. Anesth Prog
2010; 57(10): 67-79.
Gordon J. Christensen: Clinicians Report.
Pain Meds: What Works? February 2015.
What about the use of Steroids?
Dexamethasone is a glucocorticoid (FDA
approved 1958). Supplied as Tablets (0.25 mg,
0.5 mg, 0.75 mg, 1 mg, 1.5 mg, 2 mg, 4 mg, 6
mg); Injection (4mg/mL, 10mg/mL,
20mg/mL); Elixir (0.5 mg/5 mL)
Plasma Half-Life: 3-5 hours
Duration of Action: 2.5-6 days to treat
pain, swelling and trismus.
Chen Q, Chen J, Hu B, Feng G, Song J.
Submucosal injection of dexamethasone
reduces postoperative discomfort after
third-molar extraction: A systematic review
and meta-analysis. J Am Dent Assoc. 2017 Feb;148(2):81-91.
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Opioid-Based Analgesics: Central Analgesics
When to use them: Opioids such as morphine, meperidine, hydromorphone, fentanyl and others should
not always be considered the drugs of choice for all postoperative analgesia cases. They act centrally, have no
effect on the inflammatory process, and are associated with adverse sequelae in many patients ranging from
constipation to more acute narcotizing effects.
How to use them: Having said this, they may still have a role in pain management, as interpatient response
to any type of drug therapy is highly variable. The same general prescribing guidelines described above hold
true for opioid-based analgesics: be familiar with at least three agents and their usual dosing regimens. Be
aware of drug interactions with other CNS depressant. Most drug interaction software available today does
not recognize the obvious interactions between opioid and benzodiazepines.
Pain Control: the site of action for the opioid narcotics is in the brain stem. Where as NSAIDs and COX-2
inhibitors work at the site of injury.
Maximum daily dosages do not readily apply to these agents and it may be more clinically useful to be aware
of the minimum effective dosages and potential equiefficacious dosing when switching between agents.
In trying to achieve the best of both worlds there are several combination products which incorporate either
acetaminophen or an NSAID with an opioid-based analgesic (eg. Percocet, Vicodin, and Vicoprofen). The
practitioner should still decide if an opioid-based analgesic is appropriate therapy for the particular case, and
they should also be aware of the maximum recommended daily doses of acetaminophen or the NSAID being
used in the combination product. This is especially important in those patients who are ordered both Tylenol
and Percocet, for example (since they both contain acetaminophen).

Drug

Route

Equianalgesic dose

Duration of
Action (hr)

Morphine

IM, SC
PO

10mg
30-60mg

4-6
4-6

Meperidine

IM, SC
PO

100mg
200mg

2-4
2-4

Hydromorphone

IM, SC
PO

2mg
6-8mg

4-5
4-5

PO

30mg

3-4

Codeine

IM
PO

60mg
120-180mg

4-6
4-6

Fentanyl

IM
Transderm

0.1-0.2mg
25g/hr

Very short
72

Oxycodone/
Hydrocodone

Equianalgesic dosing tables are available for opioid-based analgesic medications, which aid in prescribing
or changing a patient’s regimen to a different agent, but it must be stressed that these are only guidelines and
are usually based on single-dose studies in healthy individuals. Some examples of these guidelines are shown
below:
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1 x Tylenol #3
2 x Tylenol #3
1 x Vicodin
2 x Vicodin

=
=
=
=

300mg Acetaminophen + 30mg Codeine
10mg oral Morphine
500mg Acetaminophen + 5mg Hydrocodone
10mg oral Morphine

1 x Tylenol #3

=

1 x Vicodin tablet

Morphine: Morphine is still the gold standard in pain control because of the wide rage of dosage forms and
low cost. There are even sustained release preparations that allow a dose once every 12 hours. These
sustained release medications are MS Contin, M-Eslon, Kadian. In the elderly M=Eslon offers some
advantages because the capsule can be pulled apart and contents mixed as long as the granules are not
crushed.
Hydromorphone (Dilaudid): This drug is excellent for patients allergic to morphine. Dilaudid SR
(sustained release) comes in 3, 6 and 12mg capsules. The dosing is every 12 hours and the capsules can be
opened. This drug is also effective when morphine tolerance develops. You should switch from morphine to
hydromorphone when morphine doses needed by the patient are increasing rapidly. In the non-narcotic
naïve patient the ratio is about 5:1.
Meperidine (Demerol): There is no advantage with Demerol over morphine for chronic pain. This drug
has a shorter half-life, but its active metabolite (normeperidine) has an extended half-life of 8-12 hours.
Meperidine may accumulate with repeated administration leading to CNS stimulation that manifests itself as
agitation, irritability, nervousness, tremors, twitching and seizures. Since this drug is eliminated by the
kidneys, patients with decreased renal function are more susceptible to CNS stimulation from repeated
administration. A major contraindication is in patient receiving MAO inhibitors. This may cause severe
respiratory depression, coma and decrease in blood pressure.
Fentanyl (Duragesic): Fentanyl can be useful if enteral narcotics are not an option. The dose is limited to
25, 50 75 and 100mcg increments. One need to wait 24 hours to evaluate the effectiveness for pain control.
This drug is not for acute pain! It may take 6 days after increasing the dose before a new steady state level is
achieved. If the drug is administered in a patch, the serum concentration will take approximately 17 hours to
re-equilibrate.
Other Opioids: Codeine is a relatively weak analgesic. Oxycodone and Hydrocodone usually are in
combination products such as Percocet and Vicodin. Be aware that because of these combination products a
toxicity level may be reached if doses of acetaminophen exceed 4 grams per day.
Constipation: … the eleventh commandment? “the hand that writes the narcotic order shall write
the laxative order!”
Other medications for pain: TCA Antidepressants such as amitriptyline, nortriptyline and
imipramine are examples. SSRI (Selective Serotonin Reuptake Inhibitors) Antidepressants such as
fluoxetine (Prozac), sertraline (Zoloft), citalopram (Celexa) and escitalopram (Lexapro) are examples.
Anticonvulsants such as valproate (Epival), carbamazepine (Tegretol) and gabapentin (Neurontin) are
examples. Finally Glucocorticoids such as dexamethasone, prednisone, methylprednisolone and
hydrocortisone are examples.
Efficacy of Tramadol: Ibuprofen>Tramadol/Acetaminophen>acetaminophen>Tramadol>Placebo
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Mythbusters – Local Anesthesia Edition

Myth #1: “My Dentist Still Uses Novocain”
We all know this myth is totally BUSTED, but let’s briefly look back at the history of Novocain…
by the way there is no “e” in Novocain (the brand name for procaine)
Historical Perspective
o The first local anesthetic was Cocaine
o Carl Koller (September 1884) used cocaine as a local anesthetic during a surgical
procedure (for glaucoma)
o “The facts are that neither Freud nor I discovered that cocaine is a local
anesthetic. This was discovered by Dr. Albert Niemann, who extracted the potent
principle from coca leaves in 1860” ~ Dr. Koller (JAMA 1941;117(15)1284.)
o Dr. Koller was nominated for the Nobel Prize several times but never received it,
mostly because his discovery was made 17 years before the Nobel Prize was
created. (www.dentaleconomics.com/articles/print/volume-89/issue3/features/the-story-of-local-anesthesia.htm)
o William Halsted (November 1884) developed the principles of nerve block using
Cocaine
o Infraorbital and IA blocks were performed on him as a “guinea pig” it took him 3
years to overcome his resulting Cocaine addiction (Ann Surg 1997
May;225(5):445-58.)
o Due to the unfavorable therapeutic index of Cocaine the search was on for a less
toxic compound with LA properties:
1904 – Alfred Einhorn synthesized the ester Procaine (Novocain)
1943 – Nils Lofgren synthesized Lidocaine which possessed:
 Less allergenicity
 More potency
 More rapid onset of action
 First brand name = Xylocaine (Astra Pharmaceutical)
2000 – Articaine granted FDA approval in the US
2008 – OraVerse (phentolamine mesylate) approved
A little more info on Procaine…
 First synthetic injectable local anesthesia used in dentistry
 Produced the greatest amount of vasodilation of all currently used local anesthetics
 Ester type – capable of allergy - PABA
 pKa=9.1, slow onset (6-10 minutes) and at physiologic pH existed as 90% charged
(inactive) and 10% uncharged (active)
 Duration of action (epinephrine can be added to prolong action)
 Pulpal anesthesia (mx infiltration) lasts about 5 minutes.
 Soft tissue anesthesia lasts for approximately 30 minutes
 Blocks are not recommended (slow onset, ultra short duration)
 Systemic toxicity negligible because procaine is rapidly destroyed in the plasma
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1.7mL vs. 1.8mL on Local Anesthetic Cartridges
 Average cartridge volume in U.S. is 1.76mL (JADA 2007;138:1104–1112.)
 During the approval process for Articaine in the 1990’s the FDA asked the manufacturer,
“Can you guarantee that each and every cartridge contains at least 1.8mL of solution?”
the answer was “No.” (Malamed SF. Clinical Action of Specific Agents. In: Handbook of
Local Anesthesia. 6th Edition. 2014. p 56.)
 Therefore, manufacturers began printing a volume of 1.7mL on the cartridges
Lots of Brand Names for local anesthetic solutions…
o Retail costs for local anesthetics $30-50
o Exception is Bupivacaine ~$60
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Myth #2: “Doctor, I’m allergic to epinephrine!”
Again, we know this myth is BUSTED, but this is such a common patient report that is worth
looking into!
Pharmacokinetics of Epinephrine
 Naturally occurring
 It is on the World Health Organization's List of Essential Medicines, the most important
medications needed in a basic health system
 Onset of action: 1-2 minutes
 Duration of action: 1-2 minutes
 Acts directly on alpha and beta adrenergic receptors (50:50, alpha constricts and beta
dilates)
 Antagonizes the effects of histamine
 Stimulates the liver to produce and raise blood glucose levels
 Increases HR, cardiac contractility, and systemic vascular resistance
 Increases myocardial oxygen demand
Epinephrine – Historical Progression
 In 1986, the AHA emphasized safety by concluding, ‘‘Vasoconstrictor agents should be
used in local anesthesia solutions during dental practice only when it is clear that the
procedure will be shortened or the analgesia rendered more profound. When a
vasoconstrictor is indicated, extreme care should be taken to avoid intravascular
injection. The minimum possible amount of vasoconstrictor should be used.’’
 Malamed and Bennet, proposed 0.04mg as a maximum dose of epinephrine for patients
with severe cardiac disease

References:
Dent Clin North Am 2002;46(4):733-46.
Oral Surg Oral Med Oral Pathol 1992;74:67986.
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The “Reaction”
 But what about those patients who suffer from the following symptoms after local
anesthetic injection?
 Heart palpitations or racing heartbeat
 Pale, sweaty skin
 Dizziness
 Nervousness
 Headache
 Most likely to occur during IANB
 Rates of positive aspiration for IANB :
o 5.8% in approximately 6000 injections (Ann Anat 1999;181:105-6.)
o 8.1% in 731 injections (JADA 1999:130:496-9)
o Other authors have suggested a wider range (2.6-30%) with factors such as
needle size and anatomy playing a role (JADA 1992;123:69-73)
Technique

Needle Gauge

Needle Length

Palatal Approach (ASA)

30

Ultrashort

PSA Nerve Block

27

Short

Infiltration

27

Short

Buccal (Long) Nerve Block

27

Short

PDL Injection

27

Short

IA Nerve Block

25

Long

Gow-Gates Nerve Block

25

Long

Vazirani-Akinosi Nerve Block

25

Long

Source: Malamed SF. Handbook of Local Anesthesia. 2004, 5 th Ed. p 106.
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Take home message…
“The addition of a suitable vasoconstrictor in adequate concentration increases the efficiency of
local anaesthetic preparations and reduces the toxicity; their presence is therefore desirable.
There is far greater danger of untoward reactions from the use of preparations without a
vasoconstrictor than from the small amount of adrenaline normally present.”
(Aust Dent J 1968 Feb;13(1):65-9.)
Recommendations:
 The “Reaction” is most likely to occur during IANB in the mandible
 Use the right size needle (avoid 30ga for IANB in adults and kids) (Dent Clin North Am
2010;54:745–756.)
 Aspirate (twice)
 Slow injection technique – fast injection technique may cause back pressure within the
vessel and decrease chances of positive aspiration (Ann Anat 1999;181:105-106)
 Consider reduced/no epinephrine dose formulations:
 4% articaine with 1:200,000 (multiple brands)
 4% Citanest Forte with 1:200,000 epi (Prilocaine, Dentsply Sirona)
 3% mepivacaine (multiple brands)
 4% Citanest (Prilocaine, Dentsply Sirona)
 2% Xylocaine (Lidocaine, Dentsply Sirona), last available 2011 in the U.S. (Pediatr
Dent 2015 Sep-Oct;37(5):71-77)
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Myth #3: “First, I give a local anesthetic without epinephrine to my patients,
because it stings less.”
Background: Some dentists believe that by using a plain local anesthetic solution (ie, no epi)
that the patient won’t feel a pinch, sting, or burn at injection
Could be related to pH. It is well-known that solutions containing a vasconstrictor (eg, epi) have
a lower pH then plain solutions
Local Anesthetic Ph (Source: Compend Contin Educ Dent 2016 May;37(5):e6-e12.)
Average pH of solutions containing epinephrine: 3.82
Average pH of plain solutions:
6.34
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One more thing… who has heard of buffering local anesthetics?
 Local anesthetic buffering involves adding Sodium Bicarbonate to low pH solutions to
raise the pH closer to physiologic levels
 Possible benefits include:
 Faster onset
 Better efficacy
 Less injection pain
o The data on whether buffering decreases injection pain is equivocal (Gen Dent
2015;63(6):74-78.)
o All the studies look at buffered vs. non-buffered lidocaine or articaine
o We need to look at buffered vs. prilocaine!
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Myth #4: “I use small needles for my injections because they are less painful to the
patient compared to larger needles.”
Background: There is a long-standing belief in dentistry that using a smaller gauge needle will
cause less discomfort to the patient
This myth has long persisted despite some early evidence:
 “patients are unable to differentiate among 23-, 25-, 27-, and 30-gauge needles” (NY
State Dent J 1972;38:425-426.)
 “no significant differences in the perception of pain produced by 25-, 27-,and 30-gauge
needles during inferior alveolar nerve blocks in adults” (JADA 1979;99:822-824.)
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The Verdict…UNCLEA, therefore, the recommendations are:
 Use the right size needles!
 Why? Not for patient comfort but for reasons such as:
o Needle deflection
o Ability to aspirate (less pressure required)
o Decreased risk of breakage
 For IANB use 25- or 27-ga long needles
 For infiltrations use 27-ga (or 30-ga) short needles
 To help avoid needle breakage:
o Minimize bending of needles
o Minimize reorienting needles when in tissue
o Avoid hubbing the needle
Why Long Needles? No Hubbing!
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Myth #5: “My Obstetrician says I can get Local Anesthesia, just no Epi.”
Changes in 2014:
 On 12/13/2014, the FDA published the Pregnancy and Lactation Labeling Final Rule
(PLLR), which changed the labeling requirements for the pregnancy and lactation
sections for prescription drugs and biological agents
 The final rule removed the pregnancy letter categories, and created descriptive
subsections
 Labeling changes from this rule begin on June 30, 2015. Previously approved drugs
from June 30, 2001 will switch to the new labeling gradually.
 This rule does not apply to OTC medications

What is a TERATOGEN?
Any agent that can disturb the development of an embryo or fetus. Teratogens may cause
a birth defect in the child. Or a teratogen may halt the pregnancy outright. The classes of
teratogens include radiation, maternal infections, chemicals, and drugs.
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The Facts:
 Medication use during pregnancy is common; two out of every three women take
prescription medications during pregnancy. (American Journal of Obstetrics and
Gynecology 2004; 191:398-407.)
 Medication use during pregnancy still causes great anxiety and misunderstanding among
both the public and health care professionals.
 The majority of birth defects have an unknown cause, however one early publication
estimated that 2-3% of birth defects are thought to be caused by medications taken during
pregnancy. (Teratology 1973; 7:3-15.)

Source: JADA 2012:143(8):858-871.
The Concern:
The effects on the uterus, specifically:
 Uterine blood flow (alpha effects)
 Uterine muscle tone (beta effects)

A true contraindication to epinephrine in local anesthetics for pregnant dental patients is if the
pregnancy is complicated by hypertension.
References: Br J Anaesth 1991;67:678–682 and Br J Anaesth 1993;71(3):348–53.
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The Verdict…
This myth is BUSTED. Your safest choices if a local anesthetic is indicated for a pregnant
patient are:
Lidocaine with or without EPI
Prilocaine with or without EPI
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Myth #6: “I don’t use articaine for blocks because it causes paresthesia.”


A paresthesia as an abnormal sensation, such as of burning, pricking, tickling, or tingling



Paresthesias are one of the more general groupings of nerve disorders known as
neuropathies



Paresthesias may manifest as total loss of sensation (ie, anesthesia), burning or tingling
feelings (ie, dysesthesia), pain in response to a normally nonnoxious stimulus (ie,
allodynia), or increased pain in response to all stimuli (ie, hyperesthesia)

Articaine important dates: (Malamed SF. Articaine 30 years later. Oral Health. Feb 2016)
 1969: Developed in Germany
 Entered clinical use
o 1976: Germany
o 1983: Canada
o 1998: United Kingdom
o 2000: United States
o 2005: Australia
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A 2003 study showed a range in the number of
fascicles present within the lingual nerve, being
anywhere from 1 to 8. Of the 12 nerves studied, 4
(33%) had only 1 fascicle
The investigators speculated that a unifascicular
nerve may be injured more easily than a
multifascicular one
To date, this seems to be the most plausible
explanation for the finding of the predilection of
the lingual nerve for permanent paresthesia
References:
 JADA 2003;134(2):195–199.
 Team Work 2009;2(2):28-34.
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Let’s keep it real… PARESTHESIA IS A RARE EVENT!
The mechanism is UNCLEAR
Factors thought to be involved with Paresthesia:
o Direct needle trauma
o Intra-neural hematoma
o Extra-neural hematoma
o Edema (extra- and intra-neural)
o Chemical neurotoxicity of articaine

“Weber Effect”:
where a new product when introduced to
the marketplace is subject to a closer level of
scrutiny by users than more traditional,
well-known products
At some point you see… fewer reports of
adverse events despite increased use
Reference:
 Dent Update 2015; 42: 88–93.
 JADA 2010;141(7):836-844.
 www.OralHealthGroup.com
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Neurotoxicity?
 Articaine may be less neurotoxic then other local anesthetics
 4% versus 2%?

The Verdict… UNCLEAR
 Despite reports about paresthesias and articaine – the data linking the two is largely
anecdotal and of insufficient quality to make clinical guidelines - retrospective and
biased
 Controlled studies are needed!
 Clinical neurotoxicity of 2% vs. 4% solutions is unclear and unproven
 The risks ratios are all over the map!
 Change technique rather than local anesthetic?
So what should I do?
 Use articaine for IANB injections
 If not convinced, use lidocaine (buffered?)
 Or, use lidocaine for IANB, use articaine via buccal infiltration
 Or, use articaine only on the maxilla or not at all
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