
P
ain from tissue insult
involves a complicated
array of physiologic and
chemical changes that
lead to perception in
the brain.

Understanding the terminology
and physiology and managing
oral pain in our patients is the
focus of this series.

This month, the concepts of
nociception, peripheral sensiti-
zation and central sensitization
will be discussed as they relate to
patient management.

These mechanisms allow the
practitioner to make analgesic
choices for individual patients,
taking into account the type, du-
ration and severity of the pain.
Consistent, reliable results can be
obtained using pre-emptive and
multimodal analgesia

The second part of the series
will provide a detailed description
of regional nerve blocks for oral sur-
gery. The third will describe agents com-
monly used for analgesia. A discussion
of chronic- and cancer-pain manage-
ment and clinical use of constant-rate
infusions will conclude the series.

Nociception
Nociception involves the process-

ing of noxious stimuli, resulting in the
brain’s perception of pain (Figure 1).
Transduction, transmission and mod-
ulation are the components.

The conversion of a noxious stim-
ulus (mechanical, chemical or ther-
mal) into electrical energy by a peri-
pheral nociceptor or free afferent nerve
ending is termed transduction. The
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Figure 1: Transduction, transmission and modulation are components of nociception, the pro-
cessing of noxious stimuli, which results in the brain’s perception of pain.
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propagation of the impulse from the
site of oral injury through primarily
trigeminal afferents is referred to as
transmission. The nerve fibers respon-
sible for sharp pain are the fast A-delta
fibers. Dull, throbbing pain is caused
by stimulation of slow C fibers.

A-beta nerve fibers are tactile and
consequently have a much lower thresh-
old. Neurons from these fibers synapse
with nociceptive-specific and wide-dy-
namic-range neurons in the medulla’s
nucleus caudalis, resulting in modula-
tion. Nucleus caudalis tissue is very
similar to that of the spinal cord dor-
sal horn that modulates pain from areas
other than the oral cavity. Exitory neu-
ropeptides, like glutamate and sub-
stance P, are active in the synapse and
facilitate the pain signals by binding to
their receptors on these neurons. Con-
currently, endogenous (opioid, sero-
tonergic and noradrenergic), descend-

ing analgesic systems serve to decrease
the nociceptive response.

Peripheral sensitization
Following surgical manipulation of

the oral cavity we can expect a greatly
enhanced postoperative nociceptor re-
sponse to any additional stimulation.
The resulting enhanced response is
termed peripheral sensitization (hy-
peralgesia).

Primary hyperalgesia is the term for
peripheral hyperalgesia at the actual
site of the injury. The damaged tissue
releases a number of compounds, in-
cluding ATP, potassium ions, hydro-
gen ions, prostaglandins, bradykinin
and nerve growth-factors. Lympho-
cytes, monocytes, macrophages and
mast cells are attracted to the site. These
inflammatory cells then release cy-
tokines that amplify and potentiate in-
flammation. Histamine is among the
list of cytokines released that enhance
vasodilation, causing plasma extrava-
sation into surrounding tissues. As a
result this “sensitizing soup” of sub-
stances extends beyond the actual site
of tissue injury into the surrounding
normal tissue, producing secondary
hyperalgesia. Now even non-noxious
stimuli, such as touch, can produce
pain at and around the site of injury
(allodynia).

Central sensitization
Left untreated, peripheral sensitiza-

tion produces similar changes in the
wide dynamic range neurons of the
nucleus caudalis producing a state called
central sensitization or “windup.”

Numerous chemicals react to in-
crease the sensitivity of these neurons,
exaggerating the frequency and inten-
sity of nociception. Glutamate is partly
responsible, in that it acts to bind to
the NMDA receptor on the wide dy-
namic range neuron, making it a pri-
mary substance involved in central hy-
persensitization (Figure 2).

Drugs that bind preferentially to the
NMDA receptor in the nucleus cau-
dalis can help us manage central sen-
sitization associated with oral pain
states. Traditional pain medications

will not be effective for this compo-
nent of chronic pain. NMDA antago-
nists and other analgesic agents will be
covered in the third part of this series.

Pre-emptive analgesia 
Pre-emptive analgesia is the admin-

istration of analgesics prior to a painful
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FIgure 2: Binding to the NMDA receptor on the wide-dynamic-range neuuron, glu-
tamate becomes a primary substance  involved in central hypersensitization..

Figure 3: Preoperative pain management
is recommended in some instances. This
outlines the result of a preemptive anal-
gesic given to prevent central sensitization.

After oral surgery,
nociceptor response
is expected to be
greatly enhanced. 
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stimulus, to decrease the anticipated
post-stimulus pain. Administering anal-
gesics prior to inducing a painful stim-
ulus is more effective than giving the
same drug after the stimulus is induced.
Once established, especially when cen-

tral sensitization is involved, pain be-
comes very difficult to control, empha-
sizing the importance of providing pain
management preoperatively.

Some common conditions of chronic
severe oral pain, such as feline LPGS, re-
fractory stomatitis in dogs and oral can-
cer, all should receive special attention
in preoperative pain management. Fail-
ure to do so will make it likely that man-
agement will be very difficult post-op-
eratively, requiring additional hospital-
ization, additional administration of in-
jectable analgesics and feeding assis-
tance. Figure 3 (p. 4S) outlines the re-
sult of a preemptive analgesic given to
prevent central sensitization.

Multimodal analgesia
Multimodal pain management is

defined as usage of two or more anal-
gesics in combination to minimize or
eliminate patient pain.

Often this approach allows the prac-
titioner the luxury of decreasing the
dose for each analgesic, making the
combination safer than a higher dose
of a single agent. Using different anal-
gesics in this multi-modal manner al-
lows clinicians to block pain in differ-
ent portions of the pathway of noci-
ception. Table 1 demonstrates the ef-
fect of different drug classes on trans-
duction, transmission and modula-
tion. As you can see, the local
anesthetics block pain in all three no-
ciceptive pathways.

Environmental comfort
Manipulation of the environment

is important in providing maximal
comfort for painful patients postop-
eratively. Monitoring patient tempera-
ture is particularly essential in oral sur-
gery. All patients, but particularly small
ones, are subject to cooling from the
cool-water spray from ultrasonic and
high-speed devices.

Intravenous fluids should be prop-
erly warmed and safe external warm-
ing devices utilized to maximize pa-
tient comfort and minimize intraop-

erative hypothermia. During recovery,
warm towels and blankets should be
used continually for comfortable
padding. To decrease postoperative
stress, consideration should be given
to separating dogs and cats or even iso-
lating individual patients. Noise should
be minimized. Verbal and tactile inter-
action with patients can be comfort-
ing in some, whereas others recover
better with passive observation. Sooth-
ing music also may be beneficial. n
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Kilogram-based calculations

Patient wt. 5 kgs

IV bag size 125 ml

Fluid rate 2 ml/kg/hr

TABLE 1

IV fluid-bag-based CRI infusions

Drug dose Total Drug Drug/
rate drug volume ml fluids

Morphine 0.12 mg/kg/hr 7.50 mg 0.50 ml 0.060 mg/ml

Lidocaine 1.50 mg/kg/hr 93.75 mg 4.69 ml 0.750 mg/ml

Ketamine 0.60 mg/kg/hr 37.50 mg 0.38 ml 0.300 mg/ml

Drug CRI dose range

Morphine
0.12 to 0.36 mg/kg/hr (2 to 6 ug/kg/min).

Lidocaine
0.6 to 1.5 mg/kg/hr (10 to 25 ug/kg/minute).
Dogs can be given a max. dose of 3.0 mg/kg/hr (50 mcg/kg/min)
Cats should be limited to a max. dose of 1.5 mg/kg/hr (25 mcg/kg/min)

Ketamine
0.12 to 1.2 mg/kg/hr (2 to 20 ug/kg/minute).

Loading doses

Morphine
0.5 mg/kg IM (or very slowly IV)
At 0.5 mg/kg this patient needs a loading dose of: 0.17 ml

Lidocaine
0.5 to 1 mg/kg IV
At 0.25 mg/kg this patient needs a loading dose of: 0.06 ml
At 1.0 mg/kg this patient needs a loading dose of: 0.25 ml

Cats
Limit cats to 0.25 mg/kg loading dose

Dogs
1.0 mg/kg is the normal loading dose

Ketamine
0.25 to 0.50 mg/kg IV bolus
At 0.25 mg/kg this patient needs a loading dose of: 0.01 ml

Drug concentrations

Morphine 15 mg/ml

Lidocaine 20 mg/ml

Ketamine 100 mg/ml
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