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rocedure pain is a brief but 
frequent, problematic feature 
of clinical practice encoun-
tered by the dental surgeon 
treating children.1,2 How 

this pain is assessed and managed is 
inevitably guided by each clinician’s 
concept of good, clinical pediatric 
pain practice. Advancements in the 
understanding of the neurobiology 
of pain have led to pharmacological 
agents to obtund the nociceptive and 
central processing dimensions of pain 
experience.3-24 Local anesthetics have 
historically served as the primary 
staple of intraoperative pain control in 
dentistry. However, the articles in this 
issue will argue that any description of 
good, clinical pain practice must take 
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abstract  The objective of this review is to integrate current knowledge of pediatric 
procedure pain to develop a conceptual framework of good, clinical pediatric pain 
practice that can be used to improve the processes and outcomes of the clinical 
management of pediatric procedure pain in dentistry. This paper will present four 
characteristics of pain neurobiology that critically influence clinical decisions in pediatric 
procedure pain management.

Good, Clinical Pain  
Practice for Pediatric 
Procedure Pain: 
Neurobiologic 
Considerations
dennis paul nutter, dds

its derivation from both the neurobiol-
ogy of pain as well as those clinician 
factors that influence judgments of pain 
assessment and pain intervention.

This paper discusses the neuro-
biological characteristics of pediatric 
procedure pain that critically influ-
ence clinical decisions in pediatric 
procedure pain management. These 
are pain’s subjective nature that defies 
prediction; its “plastic” nature that 
facilitates central sensitization; its 
developmental nature that ensures that 
children, in the absence of sensitiza-
tion, will experience more pain for the 
same medical procedure than they will 
as adults; and its multidimensional 
nature that compels an accommodat-
ing multidimensional pain technique.
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feature of pain is facilitated by ascending 
sensory afferents that are heavily inter-
connected with limbic, emotional centers 
of the brain that retain information 
about a pain event’s time and place.41,42 
Affective pain behavior can be as subtle 
as an elevated heart rate, as overt as the 
refusal to sit in the dental chair, or as dra-
matic as combative hysteria (figures 1-3).

Individuals with trait or state 
anxiety have a pain affect that is posi-
tive; it orients their attention toward 
a pain stimulus resulting in a general 
hyperalgesia.40,43-45 Procedural anxiety’s 
relationship to increased pain perception 
is well known.46,39,47-50 Nakai and Milgrom 
et al. have concluded that unresolved 
preprocedural anxiety is the strongest 
predictor of poor pain control.1 Therefore 
to target pain, a clinician must target 
for treatment both anticipated noci-
ception and anticipated pain affect.

Central Sensitization
Generally, central sensitization 

refers to any plastic change in the 
central nervous system that results in 
an amplification of pain experience. The 
most recognizable clinical form is pain 
affect. This is the secondary emotional 
response (e.g., anxiety) resulting from 
the “cognitive appraisal” of a memory of 
prior pain.26 This clinical observation has 
led to a “conventional wisdom”; that if 
children do not consciously remember 
a painful experience, then there is no 
lasting harm to them. For many clini-

The Subjective Nature of Pain
Pediatric pain has a multidimen-

sional ontogeny with contributions from 
nociceptive, affective (psychological) 
and stimulus dimensions that occur in 
a developmental context.25-27,2 Through 
genotypic and phenotypic processes, 
procedure pain becomes differentiated in 
each of us so that the magnitude of our 
pain experience is only partially related to 
the amount of tissue trauma experienced. 
The subjective, emotional dimension of 
pain has been affirmed by the Interna-
tional Association for the Study of Pain, 
which has defined pain as “an unpleas-
ant sensory and emotional experience 
associated with actual or potential 
tissue damage or described in terms of 
such damage.”28 Studies have confirmed 
that a child’s sensitivity to pain var-
ies from individual to individual.29,30

In a study by Walco and Dampier, et 
al., experimental pain was applied to a 
group of children with a history of clini-
cal pain and a group of healthy controls 
without pain history.31 The authors found 
that there was no uniform pain experi-
ence for a given stimulus intensity. They 
also found that previous pain experience 
lowers pain threshold levels, a process 
known as “central sensitization” dis-
cussed below. This phenotypic influence 
on nociceptive pathway development 
magnifies and further confounds geno-
typic differences in pain perception.

Given this, it is not possible for a 
clinician to reliably predict the intensity 

of pain experienced by a child based 
on the clinician’s calculation of the 
extent of tissue damage or the clini-
cian’s previous experience with the 
reactions of other children in similar 
conditions. The clinical and neurobio-
logical evidence supports the idea that 
only the child can know how much 
pain they are experiencing.32,33 This is 
the first principle of good, clinical pain 
practice. It will be further supported by 
evidence, discussed in another article 
in this issue that clinicians tend to 
underestimate the magnitude of pain 
a child is experiencing as well as the 
clinical reality that there is no reliable, 
objective measure of pediatric pain.

The subjective expression of pain 
has two forms. In the case of proce-
dure pain, the immediate form is the 
emotional response to the nociceptive-
sensory perception of tissue trauma. 
It may manifest as an obvious, violent, 
evasive maneuver, or a barely discern-
able squinting of the eyes. The second-
ary form known as “pain affect” is the 
emotional response to its anticipated 
recurrence.26,34-36 Pain affect may ap-
pear as an anticipatory response to a 
consciously recognized external threat 
(fear), or as a vague but persistent ap-
prehension of danger (anxiety).26,1,37-39 It 
may also be comprised of feelings such 
as “annoyance, anger, despair, boredom, 
or depression” if these moods assist in 
orienting the patient’s attention toward 
a pain stimulus.26,34,40 This delayed 

f igur e 1 . f igure 2 . f ig ur e 3 .

f igur es 1-3 .  All of the above children are displaying a type of pain behavior despite the absence of noxious nociceptive stimulation. In the context of a procedural setting, anxiety 
1), anger 2), and what some may term “disobedience,” 3) are all examples of pain affect. The child in Figure 3 is not clowning around. He has been asked by both his father and the dental 
assistant to take his hands away from his face.
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cians this has served to anchor a chain of 
logic to rationalize permitting a greater 
intensity of pain during procedures 
performed on infants and preschool 
children while they are completely 
restrained. Certainly, most circumcision 
before 1997 falls into this category but 
arguably much of the current practice of 
complete immobilization of preschoolers 
for dental treatment also qualifies.51,52

The idea that young children, even in-
fants, do not remember painful events has 
been proven wrong by Clifford Woolf. In 
1983, Woolf discovered the mechanism for 
a type of central sensitization that oper-
ates below the level of conscious memory 
by virtue of its location in the spinal cord.52 
When pain signals travel from a site of 
tissue trauma to the dorsal horn of the 
spinal cord, it causes receptive fields to 
enlarge, reduce conduction thresholds, and 
amplify their responsiveness.53-57 As this 
“centrally located” altered sensory process-
ing represents a form of subconscious 
memory, it is termed implicit memory to 
differentiate it from memory that is acces-
sible to conscious thought, which is now 
being referenced as explicit memory.58-66 In 
fact, the processes associated with produc-
ing an implicit memory of pain experi-
ence appears to be mediated by the same 
chemical factors that promote learning, 
memory, and conditioning in the brain.67,68

Much of what is known about the 
clinical effects of central sensitization 
in children can be gleaned from a single 
study of infant surgery by Taddio, Katz, 
and Ilerisich in 1997.51 It is a definitive 
demonstration of the sustained neural 
sensitization induced by procedure pain 
that is consistent with other studies, 
both human and animal.63,69-71 The study 
focused on the behavior of circumcised 
and uncircumcised infants at their first 
inoculation. An independent observer 
who was trained in rating infant pain 

behavior, and who was blinded to the 
infant’s previous exposure to procedure 
pain, observed that circumcised infants 
consistently displayed greater distress 
than their noncircumcised peers.51

When better clinical pain practice 
was performed by placing an occlusive 
dressing of lidocaine-prilocaine cream 
(Emla) over the affected site for 60 to 80 
minutes, these infants still displayed a 
distress level greater than the noncircum-
cised infants yet, less than the infants 
who were not given any pain medication.

their pain justification scenarios to 
include the potential risk of a prolonged 
sensitization injury. The existence of 
implicit memory voids the idea that 
the absence of conscious memory for 
a painful event is proof that no latent 
harm is done. Procedure pain’s cumula-
tive effect is a repetitive stress injury 
to developing pain pathways. It leads 
to a sustained, magnification of pain 
perception that can debilitate a patient’s 
compliance with future necessary, medical 
procedures.60,63,74,75 Any attempt to justify 
permitting pediatric procedure pain is 
now more difficult due to this increased 
risk of sensitization injury. From this, it 
follows that it is better to prevent pain 
than to treat it after its occurrence.32,33

The Developmental Dimension
Younger children generally experience 

more pain for the same medical procedure 
than do older children.46,29,76-79 The mecha-
nisms accounting for this observation in 
children have not been entirely elaborated 
but the immaturity of both their pain 
modulating mechanisms and their cogni-
tions are contributors to the phenomenon.

Infants are not born with the en-
dogenous pain control mechanisms that 
benefit adults.80 This includes, but is not 
limited to, diffuse and descending pain 
inhibitory controls, voluntary control 
of attention, and arousal state.81-91 These 
pain-limiting mechanisms are absent in 
the neonate and only gradually develop 
from nascent, endogenous utility in the 
preschool child to, putatively, full comple-
ment in late adolescence.92-94,78 Clinical 
pain studies demonstrating that younger 
children experience more pain for the 
same medical procedure than do older 
children corroborates these basic science 
findings.29,76 In adults, anxiety alone may 
be sufficient to produce endogenous 
opioid analgesia.40 Yet, in children this 

This study revealed three character-
istics of the clinical sequela of procedure 
pain. First, it clearly demonstrated that 
a single episode of procedure pain in 
full-term infants can have a persistent 
disabling influence. Second, it showed 
that elevated sensitivity to tissue trauma 
is transferable to a site distant from the 
original injury, demonstrating that the 
sensitization in question is centrally me-
diated. Finally, it confirmed that pain in-
tervention efforts can mitigate the degree 
to which a child may become sensitized.

The Hippocratic moral prescription 
to alleviate suffering has for centuries 
remained the traditional rationale for 
preventing pain.72 However, evidence 
that children “remember” pain implic-
itly compels clinicians to recalibrate 

circumcised 
infants

 consistently  
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greater distress  
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presumed advantage is lost through the 
rudimentary functioning of their pain 
modulating mechanisms that only blos-
som over time. This makes them more 
vulnerable to a debilitating, long-term po-
tentiation of their nociceptive pathways 
as a result of exposure to procedure pain.

It would be important clinically to 
know the age at which a child’s pain modu-
lating mechanisms mature most rapidly. 
This would be an important milestone in 
a child’s presumptive tolerance to pain. 
Noteworthy in this respect is the Jay, Ozo-
lins, et al. study that found that children 
under the age of 7 exhibit five times more 
distress during bone marrow aspira-
tions than do older children.29 Evidently, 
6-year-olds have a rapid maturation of 
pain inhibitory controls. However, not 
all children will conform to this develop-
mental schedule. Before applying this rule 
to children clinically, it would be well to 
remember that brain imaging studies of 
children with attention deficit disorder 
have revealed that the areas of their brains 
that are responsible for control of atten-
tion are three years delayed in their devel-
opment.96 Voluntary control of attention 
is an endogenous pain control mechanism 
that will be delayed in these individuals.

The younger the child, the more pain 
they experience for the same invasive 
procedure and the greater is their need 
for pain intervention. This strengthens 
the credibility of the behavioral pain 
reports of young children and pro-
vides a rational to modify procedures 
to lower their noxious stimulation or, 
when practicable, delay procedures 
until the child has developed increased 
pain modulating mechanisms.

The Multidimensional Nature of Pain
Pain’s multidimensional nature is 

facilitated by a convergence of peripheral 
sensory receptors and a centrally medi-

Summary
Four characteristics of the neurobi-

ology of pain have been identified and 
discussed in terms of their influence 
on clinical decisions in pediatric pro-
cedure pain management. The subjec-
tive nature of pain prevents clinicians 
from reliably predicting a child’s pain 
intensity and supports the idea that 
the first principle of good, clinical 
pediatric pain practice is for clinicians 
to accept as credible the pain reports 
of children that issue from invasive 
procedures; that only the child knows 
how much pain they are experiencing.

From the neurobiologic phenom-
enon of central sensitization the second 
principle may be derived: It is better to 
prevent pain than to treat it after its 
occurrence. The developmental nature 
of a child’s pain inhibitory controls 
provides further support for the notion 
that the pain reports of young children 
should be believed. It also suggests a 
reason for limiting the invasive, noxious 
stimulation of children until they have 
developed increased pain modulat-
ing mechanisms. Together, the diverse 
neurobiologic factors that contribute 
to pain’s ontogeny compel clinician’s 
to a third principle of good, clinical 
pain practice: Use a multidimensional 
pain technique that attends to the 
nociceptive, affective, developmental, 
and stimulus dimensions of pain.

ated psychological dimension.56,83,97,98 
Children’s pain is differentiated from 
adult pain by its developmental dimen-
sion that is responsible for variations 
in an individual’s pain experience over 
time.93,99 Procedure pain, unlike chronic 
pain, has an easily recognizable and 
controlled stimulus dimension.

The stimulus dimension is com-
prised of those aspects of a procedure’s 
invasiveness that encompasses the full 
spectrum of sensory receptors. This 
definition therefore includes not only 
nociceptive input but also those sensory 
aspects (touch, smell, sight, hearing, 
and taste) of a procedure that can be 
perceived aversively by the patient. 
The need to include all sensory com-
ponents in this definition is compelled 
by the influence on pain affect that 
non-noxious procedural stimuli may 
exert. Cotton-roll isolation may not 
noxiously stimulate nociceptors but it 
is providing the child’s integrated pain 
neuromatrix with a convergent pattern 
of somatosensory information that 
the limbic system may interpret as a 
threat. The resulting anxiety will orient 
attentional vigilance onto nociceptive 
stimuli and elevate pain perception.36,43,46

Reducing procedural invasiveness 
of all sensory modalities (propriorecep-
tive, mechanoreceptive, chemorece-
tive, auditory, olfactory, visual, as well 
as nociceptive) is a reasonable clinical 
intervention that should be considered 
in order to counter the magnification 
of nociception that occurs with high 
pain-affect without resorting to a more 
risky, more expensive or more cumber-
some elevated pharmacological option 
(figure 4). The multiple dimensions of 
pain compel clinicians to use a multidi-
mensional pain technique that attends to 
the nociceptive, affective, developmental, 
and stimulus dimensions of pain.32, 33

fig ur e 4 .  Patients with severe pathology and high 
pain affect are not usually candidates for a treatment 
strategy involving lowered operative stimulation. Gen-
eral anesthesia is unavoidable in many of these cases.
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