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Introduction to Pain

Tara Renton

Learning Objectives

• To understand the complexity of pain presentation in general and to be familiar 
with the benefits of a holistic approach in managing patients both with acute and 
chronic pain.

• To be familiar with advances made in understanding the pain mechanisms which 
are not to be overlooked.

• To gain some up to date tips on optimal acute pain management.
• To be familar with common orofacial pain conditions that can mimicking dental 

pain and lead to misdiagnosis.

The International Association for the Study of Pain (IASP) has defined pain as an 
unpleasant sensory and emotional experience associated with, or resembling that 
associated with, actual or potential tissue damage [1]. However, this does not reflect 
the functional, psychological and social implications of chronic pain. It proposes 
that pain can potentially occur with no physical damage or at the prospect of 
impending pain, i.e. a forthcoming visit to the dentist.

Your brain is the “boss” of pain, as without a brain you won’t feel pain! Your 
little finger or big toe doesn’t feel the pain, it’s the brain’s somatosensory cortex that 
overlays the pain experienced on the digit in danger, to effect appropriate protective 
behaviour, including removing your digit from harm. The brain informs whatever 
part of your body is getting hurt to move away from the cause. When this system is 
disconnected, that is when healthy healed tissue continues to “feel” pain, it is due to 
the brain continuing to overlay it upon the said digit. This in part explains how 
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Faculty of Dentistry, Oral & Craniofacial Sciences, King’s College London, London, UK
e-mail: Tara.renton@kcl.ac.uk

1

The original version of the chapter has been revised. Spelling errors in Figure 1.1 were corrected. 
A correction to this chapter can be found at https://doi.org/10.1007/978-3-030-86634-1_13

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022, corrected publication 2023
T. Renton (ed.), Optimal Pain Management for the Dental Team, BDJ Clinician’s 
Guides, https://doi.org/10.1007/978-3-030-86634-1_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-86634-1_1&domain=pdf
mailto:Tara.renton@kcl.ac.uk
https://doi.org/10.1007/978-3-030-86634-1_1


2

chronic or pathological pain (also known as centralised or dysfunctional pain) arises 
in healthy tissues.

Although pain in response to tissue damage is a normal phenomenon, it may 
be associated with significant, unnecessary physical, psychological, and emo-
tional distress [2, 3]. If a patient is phenotypically or genetically predisposed, 
pathological pain may result, with a continued overlay of pain in the digit or 
tooth by the brain. This may be neuropathic pain caused by nerve lesions (physi-
cal damage or lesional damage by systemic disease) or now called nociplastic 
pain related to multiple pain conditions such as TMD arthromyalgia, fibromyal-
gia, migraines, irritable bowel syndrome, interstitial cystitis, vulvodynia and 
other persistent pain conditions. The pain experience is dependent upon age, 
gender, ethnicity, culture, historic pain experience, personality, stress, depression 
and anxiety. Various settings can affect your pain levels including stress, anx-
iousness, tiredness and whether a patient has trust in the attending clinician. It is 
known that soldiers in military zones have higher pain thresholds in combat than 
off duty, and rugby players continue to score tries even after having just sus-
tained a fracture during a tackle.

There have been significant developments in understanding the pain mechanisms 
and our response to them, the implications of which are spread over many different 
fields including neuroimaging, psychometrics, neuro-immunity, neurophysiology 
and pain genetics [4]. This in part may explain the difficulty in reaching and, or, 
maintaining a consensus for the taxonomy of pain itself. Woolf [4] eloquently high-
lights this by posing the question: “What is this thing we call pain?” Woolf classifies 
pain into three groups: nociceptive (detects noxious stimuli); inflammatory (adaptive 
and protective) which are now both combined into nociceptive pain; and pathological 
neuropathic with a lesion present or dysfunctional (now known as nociplastic pain) 
with no identifiable cause, shown in Fig. 1.1. In this paper it is emphasised that the 
processes driving these pain types are different and that treatments should be specific 
and preferably directed at the distinct mechanisms responsible [5]. Within the orofa-
cial region there has been significant progress in advancing the understanding of 
musculoskeletal pain and neuropathic pain related to the orofacial region [6–10].

Orofacial pain (OFP) has been defined as pain whose origin is below the orbito-
meatal line, above the neck and anterior to the ears, including pain within the mouth, 
and generally refers to non-odontogenic or acute pain [11]. The craniofacial region 
has a complexity of anatomic structures, and pain often radiates from one area to the 
other. As a result, the patient with orofacial pain may seek help from a number of 
specialists from different disciplines. Orofacial pain may present as a musculoskel-
etal disorder affecting muscles of mastication and cervical muscles, various neuro-
vascular disorders such as headaches and vascular pains, and mimic various other 
conditions with aetiology from a host of other anatomic structures. The issues spe-
cific to trigeminal pain include the problematic impact on daily function. By nature 
of the geography of the pain (affecting the face, eyes, scalp, nose and mouth), it may 
interfere with just about every social function we take for granted. The trigeminal 
nerve is the largest sensory nerve in the body, representing over 50% of the sensory 
cortex. It is no wonder that pain within the trigeminal system in the face is often 
inescapable. However, due to a perceived low incidence of chronic orofacial pain 

T. Renton
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Fig. 1.1 Types of pain (Woolf et al. 2010)
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conditions, many clinicians have a poor understanding of chronic pain, which can 
result in unnecessary surgery and occasionally harm to their patients.

Rather than a single nerve pathway, the term “trigeminal (three twins) system” 
refers to a complex arrangement of nerve transmission fibres, interneurons, and 
synaptic connections which process incoming information from the three divi-
sions of the trigeminal nerve. The trigeminal nerve is a mixed nerve containing 
both sensory and motor fibres. Sensory fibres innervate the anterior part of the 
face, teeth, mucous membranes of the oral and nasal cavities, conjunctiva, dura 
mater of the brain, and intracranial and extracranial blood vessels. Motor fibres 
supply the muscles of mastication. Sensory information from the face and mouth 
(except proprioception) is carried by primary afferent neurons through the tri-
geminal ganglion, which is within the central nervous system (CNS), unlike other 
spinal sensory nerves where, the equivalent primary order ganglion bodies, lie in 
the distal root ganglia outwith the central nervous system (CNS). These primary 
order neurons then synapse with second-order neurons in the trigeminal brain 
stem complex (Fig.  1.2), which includes three separate nuclei proceeding in a 
rostral (superior) to caudal (inferior) direction: subnucleus oralis, subnucleus 
interpolaris and subnucleus caudalis. The subnucleus caudalis, the most caudal, is 
located in the medulla, at times extending to the level of C2 or C3 and is the prin-
cipal brain relay site of nociceptive information arising from the orofacial region. 
While this complex receives afferent input primarily from the trigeminal nerve, it 
also receives afferent axons from the facial, glossopharyngeal, vagus and upper 
cervical (C2, C3) nerves. This connection between the upper cervical nerves and 
the trigeminal spinal tract nucleus may be a mechanism involved in facial pain 
and headaches [2].

Nerve fibres from different areas in the mouth may all synapse on another neuron 
(converge) in the spinal cord nuclei, thus sending a signal to the brain that may be 
poorly localised, explaining why early toothaches can often be difficult to pinpoint. 
Incoming pain signals to the subnucleus caudalis continue onto the thalamus where 
they can be modified (modulated) by descending nerve fibres from higher levels of 
the CNS or by drugs. The second-order nociceptive neurons in the subnucleus cau-
dalis can be classified into two main groups: nociceptive specific (NS) neurons and 
wide dynamic range (WDR) neurons. These neurons have axons that form an 
ascending tract conducting nociceptive signals to higher levels of the brain for fur-
ther processing. The next major synaptic connection in pain transmission is in the 
thalamus where axons traveling in the trigeminothalamic tract synapse with third- 
order neurons. Sensory information reaching the thalamus may also be relayed to 
several distinct nuclei in the thalamus. At the thalamic level, the action potential will 
be subjected to extensive processing through interactions among its various nuclei 
and by interconnections with the limbic, hypothalamic and cortical regions of the 
brain. It should be appreciated that until the nociceptive signal reaches the level of 
the thalamus, most of the reactions in the CNS have been reflex in nature. Only 
when the thalamus is involved, are the elements of consciousness and alertness 
introduced [2].

T. Renton



5

Insula

Putamen

Thalamus

Amygdala

Pain pathways/pain receptors
The nociceptiveor simple pain
neural connections involve the peripheral
A-Delta and C nerve fibres conduct the signal
to the spinal cord where the nerves synapse in
the dorsal root, again in the thalamus and finally
within the cerebral somotosensory cortex

Hippocampus

Feriaqueductal
Gray

Nociceptive drive

Aδ or C

Posterior Parietal

Primary
Somatosensory

Cortices

Primary Motor
Cortex

Prefrontal cortex

Anterior Cingulate cortex

Cerebellum

Rostral
Ventromedial
Medulua

Fig. 1.2 Pain pathways in brain for general spinal sensory nerve

1.1  Pain Modulation

The human nervous system has an inherent ability to alter the intensity of nocicep-
tive signals or reduce and increase the pain experience. This process is called modu-
lation. There are several pain modulatory mechanisms: (1) endogenous opioid; (2) 
autonomic (serotonergic, dopaminergic, and noradrenergic); (3) inhibitory amino 
acid (cholecystokinin [CCK], galinin, and gamma aminobutyric acid [GABA]); (4) 
placebo; (5) nontraditional; (6) exogenous opioid; (7) cannabinoid and (8) 
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electrical. The innate ability to downplay one’s pain is likely to be due to genetics, 
psychological and conditioning characteristics. These mechanisms will be the basis 
for future pain management [6].

1.2  Genetics in Pain

It is well known that redheads have a melanocortin 1 receptor deficiency and as a 
result, are more predisposed to fear of pain and increased pain during injections and 
surgery. The deficiency of the Mu opioid receptor as seen in redheads may be related 
to 20% decreased pain thresholds. It does appear that redheads have a significantly 
different pain threshold [7].

SCN9A gene polymorphism resulting in Nav 1.7 sodium channel deficiency, 
resulting in total lack of pain perception, was identified in six children from three 
related Pakistani families. Although capable of feeling other sensations like warm 
and cold, they have a lack of pain perception.

The COMT (catechol-o-methyl transferase) protein is a brain “janitor” 
enzyme that metabolises the brain chemicals dopamine and norepinephrine. 
Dopamine is often known as the brain’s “pleasure chemical”, because of its role 
in transmitting signals related to pleasurable experiences. Variation in the 
expression of the COMT gene determines differences in pain directions experi-
enced by patients [8].

A recent review of “neurogenetics” summarises some of the surprising aspects in 
highlighting the underlying susceptibility of certain individuals in developing 
chronic persistent pain [12].

1.3  Classification of Orofacial Pain

The recent international classification of orofacial pain provide 7 domains for oro-
facial pain [13]. The first domain is applied to acute “Healthy pain” is due to inflam-
mation related to infection/autoimmune/trauma and stimuli (thermal/mechanical/
chemical). Mechanisms and management of acute pain are covered in this series 
excluding local anaesthesia. The ICOP acute inflammatory pain domain is Orofacial 
pain attributed to disorders of dentoalveolar and anatomically related structures 
and includes:

• Intraoperative pain in the presence or absence of adjunctive sedation (for 
anxiolysis)

• Post-operative/post-surgical pain
• Pain as a symptom. The pain may be chronic (lasting under 3 months), usually a 

symptom of ongoing pathology.

T. Renton
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ICOP include 5 further domains including;  2. Myofascial orofacial pain;  3. 
Temporomandibular joint (TMJ) pain; both of which can be acute or chronic in 
presentation. Where as domains 4-6 apply to more chronic conditions; 4. Orofacial 
pain attributed to lesion or disease of the cranial nerves; 5. Orofacial pains resem-
bling presentations of primaryheadaches; 6. Idiopathic orofacial pain. Domain 7 is 
applied to the  psychological consequences of the chronic pain in the  orofacial 
region [13]. The Institute of Medicine (IOM) of the Health and Medicine Division 
of the National Academies of Sciences, Engineering and Medicine released a 
report and recommendations on chronic pain (www.nationalacademies.org/hmd on 
6/29/2011). According to this report chronic pain affects at least 116 million 
American adults—more than the total affected by heart disease, cancer, and diabe-
tes combined. Pain costs the nation up to $635 billion each year in medical treat-
ment and lost productivity, making “the prevention of pain” the second major 
priority proposed for the nation’s health improvement. An age-standardised analy-
sis of 18 national surveys involving approximately 42,000 adults found that 37% 
of respondents in developed countries, and 41% in developing countries, reported 
a chronic pain condition [13].

Chronic orofacial pain syndromes represent a diagnostic challenge for any prac-
titioner. Patients are frequently misdiagnosed or attribute their pain to a prior event 
such as a dental procedure, ear, nose and throat (ENT) problem or facial trauma. 
Psychiatric symptoms of depression and anxiety are prevalent in this population and 
compound the diagnostic conundrum. Treatment is less effective than in other pain 
syndromes, thus often requires a multidisciplinary approach to address the many 
facets of this pain syndrome [14].

Temporomandibular joint disorders (TMDs) are painful conditions of the tem-
poromandibular joint (TMJ) and related structures excluding fractures and neopla-
sia. These represent both acute and chronic pain conditions.

Referred dental pain may be due to headaches, TMDs, angina, cervicogenic pain 
and oropharyngeal cancer.

1.4  Why Does Acute Pain Become Chronic Pain?

There are several hypotheses of how healthy acute inflammatory pain may “evolve” 
into unhealthy chronic pain. Persistent acute stimuli, for example, multiple surgeries 
or recurrent infections, causing central sensitisation, may increase the likelihood of 
developing chronic pain. Increased sensitivity of the CNS to peripheral stimulus is 
another demonstrated result caused by persistent inflammatory pain. Neuroplasticity 
relating to the interaction between the peripheral nervous system (PNS) and CNS 
results in permanent changes in the system and “memory of pain” caused by prior 
pain experiences, resulting in changes in the somatosensory cortex changes. Then of 
course there is increasing evidence for a genetic predisposition [15].

1 Introduction to Pain
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Dental Pain: Dentine Sensitivity, 
Hypersensitivity and Cracked Tooth 
Syndrome

Nicholas Neil Longridge and Callum Cormack Youngson

Learning Objectives

• Explain the contribution of tubular fluid flow to dentinal sensitivity.
• Differentiate dentinal sensitivity from cracked tooth syndrome.
• Diagnosis and management strategy for the sensitive tooth.

It will be clear to all dental clinicians that dentine hypersensitivity is a very real 
issue affecting their patients, with one extensive study noting that the prevalence 
can be as high as 42% in young European adults [1]. It is also apparent that the 
sensitivity of any exposed dentine can vary considerably from patient to patient or 
even tooth by tooth within the same patient. The aim of this article is to explain why 
this may be the case, define hypersensitive dentine and consider a differential diag-
nosis for this condition, which should include a consideration of a cracked tooth. 
The article will also suggest strategies for dealing with hypersensitive dentine/teeth 
based on the underlying physiology of the tooth.

Even after many decades of investigation, there is still some debate as to the 
precise mechanism underlying dentinal sensitivity. A minority of authors consider 
that the extension of the odontoblast process throughout the dental tubule, coupled 
with “tight” and “gap” cellular connections between the odontoblast cell bodies, 
provides a mechanism for dentinal sensation. However, the hydrodynamic theory 
[2–4] has considerably the greatest support amongst the dental community and the 
likelihood of this theory being correct tends to be confirmed by the success of most 
topically applied desensitising agents [5].
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Irrespective of the actual mechanism of dental sensation, it is often difficult to 
define objectively when dentinal sensitivity becomes “hypersensitive”. In general 
terms, where the reaction to a normal stimulus is greater than expected, the subjec-
tive term “hypersensitive dentine” is used and there are a number of key reasons 
why this may be experienced. Hypersensitive dentine needs to be differentiated 
from the hypersensitive pulp caused by caries, so a thorough clinical and radio-
graphic examination is required. However, in the absence of de novo or recurrent 
caries, the history of the condition and its nature will often clarify the diagnosis.

Before considering the diagnostic features further it is worth revisiting the struc-
ture and function of the dentine–pulp complex in health as these impact upon the 
perception of dentinal sensitivity.

2.1  The Structure of the Dentine–Pulp Complex in Health

The tissues that form the dental pulp and dentine are reliant upon migration of neu-
ral crest cells into contact with the oral epithelium [6] at around 10 days of gestation 
[7], with neural crest interactions also resulting in elements of the cornea and 
cochlea. The various interactions between the tissue layers responsible for tooth 
formation initially result in the differentiation of odontoblasts. This, ectomesenchy-
mal derived tissue, then initiates ameloblast formation in the epithelial tissue lead-
ing to the formation of insensitive enamel. The ectomesenchyme in the dental 
papilla is therefore directly responsible for the development of both the dentine and 
the dental pulp. These sensitive tissues are thus, intrinsically, functionally and 
embryologically intimately related [8], even though their very different physical 
properties often make dentists think of them as distinct entities.

The dental pulp gains its sensitivity from the pulpal nerve supply and there are 
two main types of fibres responsible for pain sensation found in the pulp: myelin-
ated Aδ, which tend to be concentrated more peripherally around the pulp chamber 
and unmyelinated C fibres. The latter, although distributed throughout the pulpal 
space, tend to be more concentrated in the central portions of the pulp [9].

Each cellular system within the pulp serves a purpose and it is becoming increas-
ingly apparent that dental pulp mesenchymal cells, alongside fibroblasts within the 
pulp chamber, can differentiate into odontoblast-type cells to aid hard tissue repair 
and release a large number of factors affecting subsequent vascular and neural 
responses to inflammation.

The relationship of dental pulpal tissues to the dentine is represented diagram-
matically in Fig. 2.1.

The dental pulp is a unique tissue enclosed, as it is, by dentine. As the root canal 
system, including the pulp chamber, is clearly unable to accommodate any substan-
tial increase in the volume of the pulpal tissue, inflammatory responses of the pulp 
are restricted by the lack of ability for the tissues to swell. To compensate for this 
lack of compliance within the pulp chamber, arteriovenous shunts, which are par-
ticular to the dental pulp, can help to reduce the pulpal intracellular fluid pressure in 
the presence of inflammation [10].
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2.1.1  Dentinal Fluid Flows and Pulpal Sensitivity

There are several factors that are critical to the level of sensitivity of a tooth. In a 
completely intact tooth (a closed system) there will be minimal outward fluid flow 
from the dentine. However, when eating very hot or cold foods and drinks, convec-
tion currents within the tubular fluid will cause some shearing of the Aδ nerve fibres 
adjacent to the tubule pulpal orifices, thereby providing some discomfort. This is 
generally regarded as normal sensitivity of teeth.

Any factors which increase the rate of fluid flow will tend to result in greater 
sensitivity and several of these are explained by the Poiseuille equation [11].

The outward flow of dentinal fluid (green arrows),
Dentine (D), connecting odontoblast processes,
predentine (P), odontoblast bodies with tight junctions,
an A  nerve fibre (black) and a capillary passing through
the cell free zone, an arteriole and venule with an
arteriovenous shunt (AVS), fibroblasts (F), and a C
nerve fibre (brown)

F

AVS

P

D

Fig. 2.1 Dentino-pulpal 
structure
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where

Q = volume of fluid flow
ΔP = Pulpal pressure
r = radius of the tubule (increases towards the pulp)
η = viscosity of dentinal fluid (increases towards the pulp)
l = length of the tubule

In a case where we assume no change in tubular fluid viscosity or pulpal pres-
sure, a cavity that shortened a tubule to half its length would tend to increase the 
fluid flow by 32× compared to an intact tubule. Deepening that to one-quarter of its 
original length would result in an increased fluid flow by a factor of 1024×. This 
explains why deeper cavities in freshly cut dentine are much more sensitive (how-
ever, where reparative dentine has reduced or obliterated the pulpal aspect of the 
dentinal tubules, thereby markedly reducing fluid flow, carious dentine removal will 
usually be significantly less uncomfortable).

Even in an apparently intact tooth, there will be a fluid flow through dentine in 
the order of 18.1 pLs−1 mm−2 [12] as all dental tissues are slightly permeable (hence 
the effectiveness of tooth whitening agents). The overall tooth permeability can be 
increased by enamel defects (such as hypoplastic enamel) leading to increased sen-
sitivity [13] of these teeth. It has been calculated that the threshold for pain sensa-
tion in humans is 3.92 nLs−1 mm−2 for outward flow (some 215× the “normal” flow 
rate) and 5.75 nLs−1 mm−2 for inward flow [14].

2.2  In Clinical Practice Other Factors Also Come into Play

2.2.1  Aδ and C Dental Pulp Fibres

A simplification of dentinal sensitivity is that fluid outflow stimulates the generally, 
peripherally sited, Aδ fibres [15]. These small diameter (1–6 μm), but myelinated, 
nerve fibres conduct action potentials relatively rapidly and so the perception of the 
pain related to short-acting dentinal fluid movement has a rapid onset, but also tends 
to resolve quickly.

In a more inflamed pulp, the C fibres (0.1–2  μm) also start to become more 
involved [15]. These are smaller unmyelinated nerves that conduct more slowly, but 
are stimulated by mediators of inflammation. These, initially, will tend to produce a 
less intense pain but one of longer duration.

In the absence of apical inflammation, without proprioceptive fibres being pres-
ent within the pulp, the tooth concerned will be difficult for the patient to identify. 
At this point there will be stimulation of both Aδ and C fibres giving initial dentinal 
sensitivity, but with an associated longer dull ache.
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When the pulp becomes more, and irreversibly, inflamed the concentration of 
mediators of inflammation will lead to apparently spontaneous episodes of dull 
throbbing pain often aggravated by local changes in blood pressure. The role of the 
Aδ fibres tends to become less prominent as the pulp becomes progressively 
inflamed, with temperature reaction becoming more mediated by C fibres [16]. 
Extreme sensitivity to heat may eventually develop as an end stage of reversible 
pulpitis, but with time this disappears, as the coronal pulpal tissue becomes progres-
sively necrotic. More apically placed C fibres will now be responsible increasingly 
for pain conduction and, as inflammatory mediators diffuse from the pulp system 
into the apical tissues, the tooth becomes tender to apical pressure and the pain 
localisable due to stimulation of the many proprioceptive fibres that are present in 
the periodontium. Recent research continues to increase our understanding of the 
correlation between a clinical diagnosis of pulpitis and the histological status of the 
pulp. The identification that viable radicular pulp may often be present in cases of 
severe reversible and irreversible pulpitis has driven an interest in more conservative 
and biologically considered treatment modalities [17–20].

Paradoxically, the tooth may now appear non-vital, but it has been observed that 
C fibres (which do not respond readily to EPT [21]) can persist in tissues with low 
oxygen concentrations and conduct pain until complete pulpal necrosis occurs [22]. 
This explains the commonly encountered situation where, to all intents and pur-
poses, a tooth considered to be non-vital is exquisitely tender to root canal instru-
mentation. In these circumstances, it is more accurate to describe the pulp as 
non-viable rather than non-vital.

2.2.2  Pulpal Fluid Pressure

This is important in the hydrodynamic theory of dentine sensitivity as the rate of 
fluid flow is linked to dentinal pain, and fluid under higher pressure will tend to 
move more rapidly outwards under the stimulus. Conversely, if an inward direction 
of fluid flow is initiated the pulpal pressure will rise further.

With an understanding of the neural, vascular and cellular responses to inflam-
mation and the effect of pulpal blood pressure, a number of factors explaining den-
tinal sensitivity have direct clinical relevance.

Although most blood pressure effects occur in the circulation outside the pulp 
[10], the common finding that a toothache is worse when lying down, and often 
pulsatile, relates to the local increase of blood pressure in the tissues around the 
tooth, and slightly within the pulp. An increase in intrapulpal blood pressure will 
tend to increase fluid flows if (as is common) there are open dentinal tubules. This 
could be beneficial in preventing bacteria or their products from travelling down the 
tubules to cause further irritation, but the downside is that inflamed pulps are more 
sensitive than uninflamed.

Normal pulpal arteriole pressures are in the order of 40–45 mmHg [23], with 
lower pressures of 30–36 mmHg found in pulpal capillaries [4] and overall pulpal 
interstitial fluid pressures have been calculated as 14.1 cmH2O (10.4 mmHg) [24]. 
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However, in an inflamed pulp, the pressure may be as much as three times 
higher [25].

In the case of a normally intact but pulpally inflamed tooth (which therefore has 
a resultant increase in ΔP in the Poiseuille equation) being exposed to cold, there 
will be a marked outward movement of dentinal fluid and this will be experienced 
as pain [14] via Aδ fibre stimulation. In more irreversibly pulpitic teeth, however, it 
is often noted that cold can relieve discomfort. This may be explained by a transient 
reduction in the overall pulpal pressure due to dentinal fluid outward flow. 
Conversely, irreversible pulpitis is often aggravated by the application of heat. This 
is due to the net inflow of dentinal fluid into a pulp with an already elevated 
intrapulpal pressure, leading to increased C fibre discharge.

2.2.3  Alterations to Dentine

Dentine is a densely tubular structure with the number of tubules varying between 
facial, lingual and radicular surfaces but consistently higher more coronally [26]. 
For this reason, coupled with its proximity to hot and cold substances, most hyper-
sensitive dentine is found around the cervical aspect of the tooth, where there has 
been the gingival recession and/or tooth wear but the more coronal enamel is intact.

Dentinal tubules are initially covered by; enamel, gingivae and/or cementum. 
However, trauma and gingival conditions leading to recession will expose large 
numbers [27, 28]. Factors that affect the fluid flow will include site of the tooth 
where tubules are exposed [26], the presence or absence of a smear layer [29] and 
the functional versus anatomic diameter of the tubules [30].

Hypersensitive dentine can be limited to a group of teeth, one tooth or even one 
aspect of a tooth, and is related to the fluid flow that is affected by the local dentine 
structure. Common aggravating factors are those which expose dentinal tubules that 
would otherwise be covered, e.g. gingival recession, erosion (from dietary or gastric 
acids) or abrasion.

The effects of these may also be modified by other factors that may have caused 
pulpal irritation including tooth whitening agents [31, 32] or trauma from the occlu-
sion [33] as well as the response being affected by the environment (as both air and 
water are colder in winter).

It is worth noting that whilst attrition may also lead to the exposure of dentine, 
one response of this, usually a gradual process (which can also occur in slowly pro-
gressing dentinal caries) is the possible release of soluble growth factors that had 
been incorporated into the dentine matrix during its formation [34]. The subsequent 
diffusion of these (e.g. TGF-1, IGF-1, OP-1) down the tubules may stimulate the 
production of reparative dentine at the pulpal surface. Slowly progressive attrition is 
therefore seldom a cause of dentinal sensitivity. However, if this is coupled with 
erosion the rapid loss of tooth substance, greater than can be addressed by reparative 
processes, can have significant effects on sensitivity.
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2.3  Erosion

The role of erosion in contributing to dentinal sensitivity has been recognised for 
many years [29], and a causal relationship has been demonstrated by the examina-
tion of a large dataset of patients with severe erosive toothwear [35].

Acid erosion of a dentinal smear layer, or other obstruction of the opening of a 
dentinal tubule is not always instantaneous, often leading patients to miss a cause- 
and- effect relationship. Whilst many drinks and foodstuffs (Table 2.1) are, by their 
nature acidic, few patients will suffer from immediate sensitivity as a result of direct 
contact (the general exception being where a cold acidic drink is swilled around the 
teeth rather than swallowed directly). Some alcoholic drinks are also acidic 
(Table 2.1) although, except in professional wine-tasters, the consequences are usu-
ally indirect.

Alcohol functions as a gastric irritant and, where the patient undergoes nocturnal 
or silent reflux, dentinal sensitivity will often take place the day following alcohol, 
rather than directly at the time of consumption. This is also often the case where the 
patient tends to eat a large meal just before sleeping (e.g. due to shift-working). A 
patient suffering from dentine hypersensitivity should therefore be questioned 
regarding the timing and size of their last meal of the day, to determine whether they 
are likely to suffer regurgitation during the night. As well as the timing and quantity 
it is worth asking what type of food is eaten—spicy foods also act as a gastric irri-
tant leading to increased gastric acid secretion and an increased risk of reflux. A 
history of frequent antacid or proton-pump inhibitor use (e.g. Omeprazole) is there-
fore helpful to identify those at greater risk of dentine hypersensitivity.

Predictably, citrus drinks are particularly likely to aggravate the situation, due to 
the chelation of the citric acid to the hydroxyapatite. This can be aggravated by 
subsequent abrasion from toothbrushing where the toothpaste will be rendered more 
abrasive to the softened tooth surface. This is common where a “healthy breakfast” 
consists of a fruit salad followed by toothbrushing and so patients should be 

Table 2.1 Common foodstuffs and associate acids

Foodstuff Main acid constituent
Yoghurt Lactic
Vinegars (including pickles and salad 
dressings)

Acetic

Ketchup Acetic, phosphoric
Cola Phosphoric, carbonic
Sports/energy drinks Carbonic, citric
Wine—varies by grape variety Tartaric, malic, pyruvic, α-ketoglutaric, fumaric, 

galacturonic
Cider Malic
Coffee Chlorogenic, citric, formic acetic, malic, glycolic, 

lactic, pyroglutamic
Fruit—varies by species Citric, malic, quinic, tartaric, oxalic, α-ketoglutaric, 

lactic
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encouraged to brush their teeth before breakfast or delay brushing for 30 min to 
allow some remineralisation from saliva.

As well as dietary (extrinsic) sources of acid, intrinsic sources of erosion from 
gastric acid are closely linked to voluntary or involuntary disorders e.g. gastro- 
oesophageal reflux disorder (GORD), bulimia nervosa, hyperemesis gravidarum. 
Patients with xerostomia (possibly secondary to medication) are also at increased 
risk due to the lack of remineralisation from saliva. Any patient who presents with 
dentine hypersensitivity should therefore be risk assessed for the likely contributing 
factors. However, irrespective of the source of the acid, the dissolution of any pro-
tective dentinal smear layer will lead to increased numbers of exposed dentinal 
tubules with a greater functional radius [5] and the risk of greater fluid flows (due to 
an increase in the πr component of the Poiseuille equation).

2.4  Clinical Management of Dentine Hypersensitivity

The ideal situation is where the causative agent is recognised and can be reduced by 
simple methods such as dietary modification. With time the dentine will become 
less permeable due to normal repair mechanisms, and the tooth return to normal 
sensitivity. Often however it is necessary to try to reduce the dentinal permeability 
on a temporary or more permanent basis. Use of desensitising toothpaste that may 
contain strontium acetate, calcium sodium phosphosilicate (CSPS), stannous fluo-
ride or arginine calcium carbonate to occlude the openings of the dentinal tubules, 
can be effective [36]. Use of toothpaste containing potassium nitrate is also effec-
tive, possibly by diffusing down the dentinal tubules and blocking intra-dental nerve 
conduction [37]. Although a shortcoming of the occlusion of the tubules by tooth-
paste is their vulnerability to subsequent dissolution by acids or saliva, as well as 
being worn away by further toothbrushing or other abrasives, agents that precipitate 
intratubular crystals should be more effective for longer [38].

Professionally applied fluoride varnishes may also enhance hydroxyapatite for-
mation in the tubules. Alternatively, a variety of resins, based on dentine-bonding 
systems, have been developed for dentine hypersensitivity where those form a poly-
meric barrier that is more resistant to subsequent acid dissolution. In more severe 
cases, placement of adhesive restorations can be indicated and, in extremis, root 
canal treatment. However, this, alongside extraction should be considered as a treat-
ment of last resort.

In the absence of caries, alongside the diagnosis of dentine hypersensitivity, we 
should also consider whether the tooth is cracked.

2.5  Cracked Tooth Syndrome

The large number of literature reviews surrounding this subject is testimony to its 
enduring relevance to modern clinical practice, and the difficulty in diagnosing the 
condition [39–43].
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There are a number of reasons why teeth crack, with contributions from anatomi-
cal, “iatrogenic” and even culinary factors. Cracked vital teeth often pose a diagnos-
tic dilemma for the clinician as they can present in a patient who may also suffer 
from dentinal hypersensitivity but, even in the straightforward case, the apparently 
contradictory nature of the presenting symptoms complicates the definitive 
diagnosis.

Humans, uniquely, eat intentionally heated and chilled foodstuffs, often alternat-
ing between these during a meal. The thermal expansion and contraction of dental 
enamel lead to microcracks in this, naturally occurring ceramic-based material [44]. 
When coupled with low-frequency loading generated by chewing, there can be 
propagation of these enamel cracks. However, these are not usually problematic 
unless there is an additional underlying issue.

Intra-coronal dental restorations can contribute by weakening the tooth structure 
[45] and older cavity designs, employing sharp internal line angles, aggravate this 
even further by stress concentration. If a cusp is an excursive, functional or para-
functional contact, this makes a cracked tooth more likely to be symptomatic 
(Fig. 2.2).

Fig. 2.2 Sharp internal 
line angles in a tooth cavity 
predisposing to cusp 
fracture (arrowed)
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Whilst a careful examination of the functional occlusion is required, the diagnosis 
of a cracked tooth is often gained from the history, so a history of any trauma to the 
teeth or jaws should be elucidated at an early stage. Anatomically, upper first premo-
lars are particularly prone to cracks running from the mesial to distal marginal ridges. 
This is partly due to their bicuspid occlusal form, but also due to the reduced corona-
radicular bulk resulting from the presence of the mesial canine fossa, as well as a root 
furcation. Trauma from the opposing tooth (as a result of a blow to the lower jaw) or 
inadvertent biting on a hard material (e.g. as may occur with “granary” or stone-
ground bread) can therefore result in catastrophic fracture of this tooth (Fig. 2.3).

The pain history associated with a cracked tooth may appear confusing as it often 
contains elements that are strongly suggestive of dentine hypersensitivity but the 
patient will usually also complain of occasional tenderness on biting (but only with 
specific types of food), suggesting periapical periodontitis. However, the duration of 
the discomfort—which can remain severe and unchanged over many years—cou-
pled with an absence of swelling or radiographic changes, can suggest non- 
odontogenic pain diagnoses such as trigeminal neuralgia or persistent orofacial 
pain. Radiographic examination usually fails to visualise the crack as it will tend to 
lie in the same plane as the film (mesiodistally). However, very occasionally, a buc-
colingual crack may be seen on a radiograph, usually in a lower molar (Fig. 2.4).

A far more predictable special investigation for a cracked tooth is transillumina-
tion, and a simple composite curing light can prove very effective in this regard. When 
using this technique, it is worth distinguishing small surface-level cracks (enamel 
crazing) from a more substantial crack involving dentine. In the latter case, the transil-
luminated light will not cross the crack line across the cusps. To further improve the 
effectiveness of this technique it is recommended that it should take place without the 
operating light shining into the mouth, to maximise the contrast (Fig. 2.5).

Forces applied to upper
first premolar during
loading, predisposing
it to fracture (note the
reduced bulk of dentine
arising from the occlusal
form, the internal pulpal
anatomy and root
configuration)

Fig. 2.3 Factors 
predisposing upper first 
premolar to fracture
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Once a crack has been identified, the next stage is to assess whether this tooth is 
responsible for the patient’s pain. The patient can be asked to close firmly and 
slowly onto a resilient material (e.g. plastic saliva ejector or rubberised dental mir-
ror handle) and then asked to open quickly. If the tooth is the one responsible, the 
identification is usually immediate. The mechanism behind this is illustrated in 
Fig. 2.6.

More refined tools, such as a FracFinder® or ToothSlooth® can help identify 
 specific  cusps contributing to the pain. It is worth bearing in mind that, where a blow 
has been received to the mandible, multiple teeth may have cracks and require treat-
ment. However, the use of an orthodontic band can help to definitively assess 
whether a tooth is the cause of the patient’s pain, by splinting the crack and allowing 
the patient to function unhindered between appointments thus confirming the diag-
nosis definitively (Fig. 2.7).

Fig. 2.4 Vertical crack 
(arrowed) visible on the 
radiograph of the lower 
right second molar

Fig. 2.5 Transilluminated 
lower right second molar 
demonstrating (incomplete) 
oblique fracture of mesial 
lingual cusp (Class II)
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Having identified the tooth/teeth, a number of considerations have to be borne in 
mind to determine the prognosis. A simplified version of Talim and Gohil’s classifi-
cation of 1974 [46] can be applied to cracked tooth syndrome. Irrespective of 
whether the crack is incomplete, or complete, the prognosis tends to decline in the 
following sequence:

 1. Crack is confined to enamel (class I)
 2. Involving enamel and dentine but not involving the pulp (class II)

Dentinal fluid at equilibrium
– symptomless

Opening allows
tubular fluid to
fill crack – 
relatively
painless

Rapid closure
forces tubular
fluid through
tubules into 
pulp – painful

PASSIVE

LOADING UNLOADING

Fig. 2.6 Mechanism explaining why pain is felt during ‘unloading’ when checking for a 
cracked tooth

Fig. 2.7 Temporary 
placement of orthodontic 
band to relieve symptoms 
and confirm diagnosis 
(same case as Fig. 2.5)
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 3. Fracture of enamel and dentine involving the pulp (class III)
 4. A fracture involving the root (class IV)

When a crack terminates in a subgingival or subalveoar position rather than 
supragingival, it is more difficult to manage. Finally, the direction of travel (hori-
zontal, oblique or vertical) can be superimposed upon this such that: a horizontal 
fracture of enamel only has an excellent prognosis; an oblique fracture of the enamel 
and dentine has a moderate prognosis; a fracture involving the pulp has a poor prog-
nosis, but a vertical fracture involving the root has, effectively, a hopeless prognosis.

Unfortunately, there is still very little high-quality clinical research to be able to 
inform treatment decisions but, in general terms:

2.5.1  Single Cusp Fracture

 1. Identifiable fracture extending supragingival (very good prognosis—remove 
cusp and restore [see Fig. 2.2]).

 2. Crack extending obliquely subgingivally (moderate prognosis—reduce cusp 
height and overlay with adhesive restoration [47] to prevent further cusp flexure 
[see Fig. 2.5]).

2.5.2  Multiple Cusps

 1. Mesiodistal or buccolingual where the supragingival extent can be visualised 
(good prognosis—remove fractured cusps and place an extra coronal* restora-
tion [48]).

*It is recognised that extra coronal restorations are destructive of tooth tissue 
but the preparation shape tends to result in forces that “close” cracks during 
loading. Full crowns should be used where indicated but, following the princi-
ples of minimally invasive dentistry, alternative designs should be considered 
first. Simple occlusal coverage by resin-retained metal, in the form of a “bon-
net” design, would be the least destructive design that would not produce open-
ing forces on the crack. For aesthetic reasons ceramic may be preferred but will 
tend to be more destructive (due to the thickness required for the durability of the 
material). Whilst onlay restorations can be used in place of extra coronal resto-
rations, it is best to use adhesive cavity designs that do not result in forces 
exerted during loading that would wedge the, already cracked tooth, apart.

 2. Where the extent cannot be clearly seen, cut an occlusal cavity to determine the 
extent of the fracture. If it extends through the midline it is highly likely that root 
canal treatment will be required—especially if the crack continues into the roof 
of the pulp chamber. In these circumstances, the prognosis is moderate to poor. 
Root canal treatment and an extra coronal restoration will be required.

 3. If, after commencing root canal treatment, the crack is seen to extend to the 
floor of the pulp chamber, the prognosis of the tooth is best considered hopeless.
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The original version of the chapter has been revised. Spelling error in Figure 3.1 was corrected. 
A correction to this chapter can be found at https://doi.org/10.1007/978-3-030-86634-1_13

Chronic Pain and Overview 
and Differential Diagnoses 
of Non-odontogenic Orofacial Pain

Tara Renton

Learning Objectives

• To familiarise dental practitioners with the latest knowledge on pain classifica-
tion and diagnostic features.

• To equip dental practitioners with strategies to identify neuropathic versus 
inflammatory pain to prevent ill-advised surgery.

• To help to differentiate non-dental from dental pain.

Poorly diagnosed or managed pain in dentistry is the leading reported adverse event 
by dentists and by patients [1, 2] and the most common issue leading to complaints 
and litigation in the United States [1–4]. Although orofacial pain conditions mimick-
ing dental pain are rare, the consequences are often severe for both the patient and the 
clinician [5]. Chronic orofacial pain provides a significant burden and remains poorly 
diagnosed and managed due to siloed training [6, 7], complex anatomy and the pleth-
ora of conditions that can present above the neck. The dentist’s role in diagnosing 
and managing the patient’s pain involves several aspects of patient care:

• Diagnosing and managing routine dental and surgical pain correctly.
• Identifying cancer-induced pain or referred pain [8] and referring appropriately (up 

to 20% of patients experience pain prior to diagnosis of oropharyngeal cancer) [7].
• Recognising non-odontogenic pain and preventing inappropriate dental care.
• Preventing nerve injuries related to dental treatment resulting in chronic post- 

surgical pain.
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The third role in pain management is particularly challenging as dentists have 
limited knowledge of common headaches and sinus conditions. There are several 
types of pain: healthy nociceptive and inflammatory pains that are the “bread and 
butter” of dental care, and the unhealthy non-protective pains including neuropathic 
with or without autonomic components and dysfunctional or centralised pain 
(Fig. 3.1) [9]. In 1993, an estimated 12.2% of the American general population had 
experienced toothache in the last 6 months [10]. In the United States between 1997 
and 2000, 2.95 million people presented to an emergency department with a chief 
complaint of toothache or dental injury [10].

The chronic pains reflect a disease of the peripheral and/or central system, 
whereby after the tissue injury has healed, the brain continues to overlay pain in the 
healthy region causing chronic pain perception in healthy tissues. There are several 
types of pain and two or three types of chronic pain, depending upon the mechanistic 
differentiation (Fig. 3.1). Chronic pain propensity may infer that a patient may have 
a phenotypic and or genotypic predisposition for developing chronic pain, many fac-
tors for which have been reported in relation to chronic postsurgical pain [11].
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It has been recognised that genetic and psychological backgrounds are risk fac-
tors for patients being vulnerable to developing chronic pain states.

Toothache and dental pain can present in many guises (Fig. 3.2). Elicited pain seen in 
reversible pulpitis with touch and cold can mimick trigeminal neuralgia, post-traumatic 
neuropathies, trigeminal autonomic cephalalgias and other secondary neuropathies.

The dull episodic intense throbbing pain of irreversible pulpitis can mimick 
myofascial pain and migraine.

Dentists may be unfamiliar with chronic pain and as a result, may often overlook 
the possibility of non-odontogenic pain rather than healthy toothaches. After all, the 
toothache is the most common OFP and should be considered and subsequently 
dismissed in the first instance. Vitality tests are notoriously unpredictable, often not 
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resolving the diagnostic dilemma but adding to it, indicating non-vitality in an unre-
stored, non-diseased vital tooth often leading the desperate patient and clinic to 
make irrational treatment decisions.

What is also counterintuitive for dentists is that they are familiar with mechanical 
allodynia and hyperalgesia (pain to non-nociceptive stimuli and increased pain to a 
painful stimulus [normal in dentine sensitivity and pulpal sensitivity]) in health. No 
other human organ displays these conditions in health only with inflammation pres-
ent. Thus, neuralgic oral pain can be present in health; dentine sensitivity or exposed 
pulp as well in many other pathological conditions (odontogenic infections, salivary 
obstructive disease, temporomandibular disorders (TMD) dysfunctional disc entrap-
ment, mucosal ulceration, trigeminal autonomic cephalalgias (TACs), referred can-
cer pain, trigeminal neuralgia (TN) and post-traumatic neuropathy, making the 
diagnosis of OFP conditions challenging.

Another challenge for dentists in diagnosing non-odontogenic pain includes an 
ageing population with heavily restored restorations, vitality tests that are notori-
ously unpredictable and limited education about chronic pain, leading dentists to 
remain unfamiliar with chronic pain and as a result may often overlook the possibil-
ity of neuropathic or neurovascular pain.

There were contesting OFP classification provided by the International Headache 
Society (IHS) [12], International Craniofacial Disorders Classification (ICHD-3) 
[13], American Academy of Orofacial Pain (AAOP) [14], American Academy of 
Craniofacial Pain (AACP) [15] and the International Association for the Study of Pain 
(IASP) [16]. There is now the International Classification of Orofacial Pain (ICOP), 
which is endorsed by the stakeholders mentioned above [17]. There are seven domains; 
1. Orofacial pain attributed to disorders of dentoalveolar and anatomically related 
structures; 2. Myofascial orofacial pain; 3. Temporomandibular joint (TMJ) pain; 4. 
Orofacial pain attributed to lesion or disease of the cranial nerves; 5. Orofacial pains 
resembling presentations of primary headaches; 6. Idiopathic orofacial pain and 7. 
Psychosocial assessment of patients with orofacial pain. These domains are a mixture  
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of anatomical and mechanistic groupings [17]. The author suggests a simplified 
mechanistic classification (Fig.  3.3). This article will address these various types 
of non-odontogenic pain and how they may mimick toothache in the following order:

• Non-odontogenic inflammatory pain
• Referred or heterotropic pain (not included in ICOP)
• Temporomandibular disorder pain after TMDs (myalgia, arthralgia and 

myofascial)
• Neurovascular pain after neurvascular pain (primary headaches)
• Neuropathic pain (primary and secondary)
• Idiopathic pain

3.1  Inflammatory Pain

Acute Rhinosinusitis can be associated with causing toothache symptoms [18]. The 
sinus, allergy and migraine study (SAMS) highlighted the diagnostic difficulty as 
pain presented in 1.6% maxillary unilateral, 1.6% bilateral maxillary and the second 
division and third division of the trigeminal nerve (V2 and V3) unilateral in 3.2% of 
cases [19]. It is well recognised by dentists that sinusitis can mimick dental pain 
however, up to 88% of people who self-report or have physician-diagnosed sinusitis 
actually have a maxillary migraine [20, 21]. You can read more about Rinosinusitis 
in the dedicated chapter.

Sinusitis mimicking toothache: The episodic and or continuous fluctuant pain of 
sinusitis classically worsens on posturing forward and increased barometric pres-
sure. The dull fluctuant ache can present as maxillary molar or premolar pain, which 
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may also respond to anti-inflammatories and antibiotics. Panoramic radiographs are 
not reliable in diagnosing antral mucosal thickening in association with chronic 
sinusitis and, as mentioned above, a key differential diagnosis that should be con-
sidered is migraine in the maxillary distribution.

Salivary gland Sialadenitis may cause pain overlying the mandibular region. Due 
to the nature of obstructive salivary gland disease, it can present as episodic high- 
intensity pain and may respond to antibiotics. The additional features of mealtime 
syndrome, discharge from ducts salivary calculate present or discharge and tender-
ness of the glands may confirm that the pain is related to salivary gland disease 
rather than dental pain.

3.2  Referred (Heterotropic) Pain

Cervicogenic pain referred to the orofacial region: The potential for cervical dys-
function to cause headache is recognised under the classification of cervicogenic 
headache, and the pain typically manifests within the dermatomes of the trigeminal 
and upper cervical (C2, C3) nerves. C2–3 provides a general sensation over the skin 
at the angle of the mandible [22].

Cardiac heterotropic pain: “Toothache pain” of angina origin has been frequently 
reported [24], and can be bilateral [25], though mainly reported on the left side [26].

The cardiac innervations depend on the afferent sympathetic and parasympa-
thetic (PS) nerves. Most of the innervations are transferred via the first five thoracic 
roots, causing pain in the chest and arms, but not in the face and jaw. For this reason, 
it is thought that the parasympathetic system has a significant role in causing man-
dibular pain, via the trigeminal nucleus [27, 28].

Angina-related facial pain is likely to present concomitantly with left arm and 
chest pain but can arise alone. The pain is likely associated with excursion and alle-
viated on rest or on using medication for angina. The patient will have risk factors 
associated with ischaemic heart disease and may or may not be diagnosed with 
angina [8]. The clinician should always exclude exercise induced left sided facial 
pain. Referral to the patient’s medical practitioner is recommended if suspected.

Giant cell arteritis should be suspected in patients older than 50 years who pres-
ent with persistent headaches centred on one or both temples. It is associated with 
cold temperatures, visual acuity changes during attacks and jaw claudication. The 
examination may reveal an enlarged, tender temporal artery. Laboratory investiga-
tion should include erythrocyte sedimentation rate and/or C-reactive protein.

Pain-related to giant cell arteritis is generally distributed in the first division of 
the trigeminal nerve (V1) distribution but can radiate to V2 and V3. The pain is 
intense and excruciating with or without visual signs. The temporal artery affected 
may be prominent and tender to palpation. Urgent referral of the patient is required 
for assessment and steroid medication to prevent blindness.

Oropharyngeal carcinoma: referred to pain presenting as toothache in the pos-
terior mandible. Missing a cancer diagnosis is not only a serious event and also 
results in complaints and fitness to practise investigations for those dentists involved. 
We are taught that oral cancer presents painlessly, however, recent studies have 
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Table 3.1 Red flags for cancer

(NICE recommend immediate referral to a relevant specialist and maximum 2-week wait for 
consultation)
Systemic signs
• Over 50 years
• Previous history of carcinoma
• Smoking/alcohol/betel nut/paan
• Night fevers
• Weight loss
• Blood loss/anaemia
Local signs
• Recent onset
• Rapid growth
• Neuropathy—sensory or motor
• Resorption of adjacent structures
• Localised mobility of teeth
• Progressive trismus
• Persistent painless ulcer
• Lymphadenopathy—painless, persistent
• Lack of response to conventional treatments:
   – Antibiotics
   – Endodontic surgery

highlighted that pain often precedes the diagnosis of oral and oropharyngeal carci-
noma. The pain was the initial symptom of oral cancer in 19.2% of 1412 patients 
including 12 different complaints including sore throat (37.6%), tongue pain 
(14.0%), mouth pain (12.9%); pain when swallowing (11.1%), dental pain (5.9%); 
earache (5.9%); pain in the palate (4.1%); burning mouth (3.3%); gingival pain 
(2.2%); pain when chewing (1.1%); neck pain (1.1%) and facial pain (0.7%) [29]. 
In another study, 12 patients experienced a recurrence of primary head and neck 
cancers preceded by severe OFP. The pain began within 6 months following treat-
ment in 10 of 12 patients and was progressive in 11 of 12 patients [30].

With oropharyngeal cancer being one of three cancers increasing in prevalence 
(along with melanoma and hepatocellular cancer) and association with human pap-
illomavirus (HPV) and oral sex [31], the dental profession must be aware of oropha-
ryngeal cancer presenting as pain mimicking rare OFP conditions, for example 
glossopharyngeal neuralgia, preauricular pain and jaw pain.

If the patient presents with recent onset pain symptoms, particularly with risk 
factors, for example, sensory or motor neuropathy (Table 3.1 Red Flags for neopla-
sia), neoplasia must be first excluded before continuing dental treatment.

3.3  Temporomandibular Disorder Pain

TMDs can be subcategorised into three groups: arthrogenuous and myogenous and 
and headaches related to TMDs [31].

The most common chronic pain conditions presenting in the orofacial region are 
TMDs followed by headaches [32]. There is significant chronic pain comorbidity 
in patients with TMD [33]. Both of these conditions can refer pain to the second 
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MASSETER TEMPORALIS DIGASTRIC

Fig. 3.4 Referral pain patterns from masticatory muscles [23]

and third division of the trigeminal nerve mimicking toothache, emphasising the 
importance for dental practitioners to understand the possibility of TMD myofas-
cial pain mimicking posterior maxillary and mandibular molar pain [23, 32].

Myofascial pain related to TMDs can be referred to as maxillary and mandibular 
molar teeth (Fig. 3.4). Please see the dedicated chapter on TMDs by Justin Durham 
and team.

3.4  Neurovascular Pain

3.4.1  Primary Headaches (Table 3.2)

There are several reports of headaches resulting in dental pain mistakenly treated 
with dental restorations, root canal treatments and resultant extractions which, 
unsurprisingly, do not result in pain resolution. The International Classification of 
Orofacial Pain [17]  now includes a domain dedicated to neruovascular, primary 
headaches presenting in the maillary and mandibular divisions of the  trigeminal 
nerve. The dental team must be aware of particulalry migraine affecting teh maxilla 
and mandibular regions often mimicking dental interittent throbbing pain.

Migraines: Migraine headache sites are usually temporal, supraorbital, frontal, 
retrobulbar, parietal, auricular and occipital. However, they may occur in the malar 
region and upper and lower teeth base of nose and median in migraine is also 
reported [19, 34]. It is well recognised by dentists that sinusitis can mimick dental 
pain, however, up to 88% of people who self-report or have physician-diagnosed 
sinusitis actually have V2 migraine [20, 21].

Migraine diagnostic criteria are specific [12, 13], and associated signs include 
nausea, dizziness, photophobia phonophobia, tinnitus, visual aura and numbness. 
The pain is characteristically throbbing and mainly unilateral in V1 distribution but 
can present bilaterally. There is often a family history of migraines, and the preva-
lence in females is increased. Migraine headache sites are usually temporal, supra-
orbital, frontal, retrobulbar, parietal, auricular and occipital.
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Table 3.2 Diagnostic criteria for primary headaches

Condition
Classification 
system

Diagnostic criteria
ICHD https://www.ichd- 3.org/how- to- use- the- classification/

Primary headaches
Migraine ICHD-3 Part 1

Section 1.1-2
Description: Migraine has two major subtypes.
1.1 Migraine without aura is a clinical syndrome characterized 
by headache with specific features and associated symptoms.
1.2 Migraine with aura is primarily characterized by the 
transient focal neurological symptoms that usually precede or 
sometimes accompany the headache. Some patients also 
experience a premonitory phase, occurring hours or days before 
the headache, and a headache resolution phase. Premonitory and 
resolution symptoms include hyperactivity, hypoactivity, 
depression, cravings for particular foods, repetitive yawning, 
fatigue and neck stiffness and/or pain.

Neurovascular pain or neuropathic with autonomic signs
Trigeminal
Autonomic
Cephalalgia

ICHD-3 Part 1
Section 3.1-5

Description: The trigeminal-autonomic cephalalgias (TACs) 
share the clinical features of headache, which is usually 
lateralised, and often prominent cranial parasympathetic 
autonomic features, which are again lateralized and ipsilateral to 
the headache. Experimental and human functional imaging 
suggests that these syndromes activate a normal human 
trigeminal-parasympathetic reflex, with clinical signs of cranial 
sympathetic dysfunction being secondary.
Types
3.1 Cluster headache
3.2 Paroxysmal hemicrania
3.3 Short-lasting unilateral neuralgiform headache attacks
3.4 Hemicrania continua
3.5 Paroxysmal hemicrania

Pain can be initiated by surgical intervention in most of the patients similar to a 
previous study including two patients with migraine precipitated or aggravated by 
dental treatment [35] reporting that one of two patients said: “it’s like my old 
migraine’s moved to my face”. In addition, this study highlighted that both patients 
were scheduled for interventional pain management procedures which would likely 
have been detrimental. The peripheral afferent barrage from the second and third 
division of the trigeminal nerve onto second-order neurons in the trigeminal nucleus 
following an acute injury to the face or jaw may induce a central change in the pro-
cessing of nociceptive signals from the head and neck that leads to a “remapping” 
of the pain associated with subsequent migraine events [35, 36]. This relocation or 
remapping of the migraine pain may also alter the expressed associated symptoms 
and further impede the diagnosis.

Migraine can mimick dental pain as V2 and V3 branches of the trigeminal nerve 
supply temporal meninges [37].

It is reported that migraine can commonly present in the second and third divi-
sion of the trigeminal system [34, 38]. A study of 517 migraine patients in Germany 
reported that 46 (8.9%) cases of migraine pain involved the head and the lower half 
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of the face. Patients with facial pain suffer more trigeminal-autonomic symptoms 
than migraine patients (47.8% vs. 7.9%; P < 0.001). In one case isolated facial pain 
without a headache was the leading symptom of migraine [34]. There are several 
reports of migraines resulting in dental pain mistakenly treated with dental restora-
tions, root canal treatments and resultant extractions which, unsurprisingly do not 
result in pain resolution in two cases [36], and seven cases [39]. Due to the variable 
presentation of toothache (hyperaemic pulp causing initially elicited neuralgia 
with cold and mechanical allodynia, subsequent pulpal death resulting in sensitiv-
ity to heat and spontaneous throbbing aching pain) many chronic pain conditions 
can be mistakenly diagnosed, for example, trigeminal autonomic cephalalgia due 
to cracked tooth syndrome [39].

Unfortunately, due to the lack of taking down a simple pain history that includes 
migrainous associated signs or past history of headaches, these patients were 
exposed to continued dental and or ENT invasive procedures and inappropriate 
medication [40]. You can read more about primary headaches in the chapter on 
Primary Headaches.

Trigeminal autonomic cephalalgias (TACs) are conditions including cluster 
headaches.

Presentation: These neurovascular conditions present with severe intense multi-
ple unilateral neuralgic stabbing pains (suicidal pain), mainly in the V2, peri retro- 
ocular region, with associated autonomic signs including ptosis, meiosis, 
conjunctival irritation, unilateral nasal congestion with cheek flushing on the side of 
pain. The prevalence in males is increased. The pain is episodic, unilateral, very 
high intensity, often multiple neuralgic stabs on a background of intense burning 
pain behind the eye. Unlike migraine, where patients curl up in a dark quiet room 
not wanting to move, patients experiencing TAC pain are severely agitated, related 
to hypothalamic behaviour [40].

Mimicking toothache: The regions of the orofacial region most commonly 
affected by neurovascular pain include the premaxilla (30%), V2 (17%), V3 (31%) 
with pain duration of 9–16 h occurring mainly in men [41].

Patients with TACs will often consult dentists (34–45%) and ENT consultants 
(27–33%), with an average of 4.3 physicians consulted prior to diagnosis with 4% 
of patients undergoing sinus surgery; 15% of paroxysmal hemicrania patients have 
pain similar to dental pain [40, 41].

Many patients previously diagnosed with persistent idiopathic facial pain were 
likely suffering from migraines and or TACs. Because of the episodic nature, there 
maybe a response to treatment: caution is advised. It is essential that practitioners 
enquire about associated migrainous and autonomic signs.

3.5  Neuropathic Pain (NP)

NP (Table 3.3) is the result of injury to nerve fibres due to various aetiologies includ-
ing toxic, traumatic, ischaemic, metabolic, infectious or compressive damage [42]. 
Positive symptoms are typically altered or painful sensations such as tingling, 
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prickling or pain described as shooting, stabbing, burning or having an electric 
shock sensations. Negative symptoms are described as diminished sensations due to 
loss of sensory function. Patients may also experience allodynia, hyperalgesia and 
anaesthesia dolorosa (pain in an area that is anaesthetic or numb) [43].

The diagnosis of NP is primarily based on patient history and physical examina-
tion. The Special interest Group on Neuropathic Pain (NeuPSIG) recently updated 
a grading system to assist with determining the level of certainty that the pain is 
neuropathic in nature and not related to other causes [44]. The grading system 
allows patients to be categorised into “possible”, “probable” and “definite” NP [45].

Post-traumatic neuropathy (PTN) with pain: Over the last 10  years it has 
become evident that significant numbers of patients suffer from chronic pain as a 
result of routine surgery with over 30–40% of patients presenting in chronic pain, 
clinics being diagnosed with chronic postsurgical pain (CPSP) [11]. CPSP is known 
to be caused by a number of common surgical procedures for example; thoracot-
omy, breast surgery, limb amputation and herniorrhaphy. Within the trigeminal sys-
tem, CPSP has been reported following local anaesthetic (LA) administration, 
dental extractions, endodontic procedures and dental implant placement. A study by 
Lobb and colleagues [46] found that most patients who suffered phantom tooth pain 
(chronic pain after dental surgery) did not revisit the dental surgeon. This does sug-
gest that many dental surgeons will be underestimating the morbidity of the 
procedures.

PTN is difficult to diagnose as patients present without any clinically or radio-
graphically demonstrable abnormality [45]. Neuropathic area may not be present 
and is currently an essential diagnostic criteria. Neuropathic pain in relation to den-
tal implant placement is most commonly reported in the mandible; caused by trau-
matic injury to the inferior alveolar or lingual nerves, as a result of direct trauma 
from the drill or implant or ischaemia caused by swelling or haemorrhage [47]. To 
date, there have been only two published cases of CPSP in the maxilla following 
dental implant placement. However, there are many reports of painful post-trau-
matic trigeminal neuropathy. CPSP with neuropathic area within the trigeminal sys-
tem is given many names (post-traumatic neuropathy, painful post-traumatic 
trigeminal neuropathy, persistent idiopathic dentoalveolar pain, atypical odontal-
gia). All these persistent postsurgical pain conditions may be attributable to chronic 
postsurgical pain; however, it is difficult to be conclusive without a demonstrable 
neuropathic area in relation to the previous surgery (post-traumatic neuropathic 
pain or persistent dentoalveolar pain disorder [PDAP II] diagnosis). The low inci-
dence of CPSP in the trigeminal region may reflect the lack of central sensitisation 
due to most procedures being undertaken under LA [48].

Risk factors: Prevention of PTN with or without neuropathy may be possible 
and risk factors are becoming evident including:

• Preoperative screening of neuropathic pain, which does not respond to surgery or 
may worsen after surgery, is recommended. A high index of suspicion is required 
for the diagnosis of neuropathic pain as it can develop slowly over time. If neu-
ropathic pain is suspected, a validated diagnostic screening tool such as the 

3 Chronic Pain and Overview and Differential Diagnoses of Non-odontogenic…
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Leeds Assessment of Neuropathic Symptoms and Signs (LANSS), the Self- 
reported LANSS (S-LANSS), the Neuropathic Pain Questionnaire (NPQ), the 
Douleur Neuropathique en 4 (DN4) questions, painDETECT and ID Pain may 
be useful. These verbal reports provide valuable information to the practitioner 
regarding pain quality: neuropathic pain is usually described as burning, painful, 
cold or electric shocks and may be associated with tingling, pins and needles, 
numbness or itching. These screening tools also serve as a good clinical record 
for follow-up post-treatment initiation, however, their sensitivity and specificity 
for the trigeminal system is poor [48].

• Pre-operative screening for specific patient factors known to increase risk includ-
ing genetics (catecholamine-O-methyltransferase), preceding pain (intensity and 
chronicity), psychosocial factors (i.e. fear, memories, work, physical levels of 
activity, somatisation, anxiety, neuroticism, catastrophising and introversion), 
age (younger = increased risk breast surgery and herniorrhaphy/older = increased 
risk other surgery), gender (female = increased risk) [11].

• Preoperative medical screening: [11]
 – Raynaud’s disease
 – Erythromelalgia
 – Irritable bowel syndrome
 – Migrainous headaches
 – Fibromyalgia

• Modifying surgery risk factors include the duration and extent of surgical proce-
dure and technique (tension due to retraction) and high level perioperative 
reported pain levels. Prevention of chronic post-surgical pain may be possible 
[11] by using:
 – Multimodal management of severe acute postsurgical pain
 – Minimal access surgery
 – Intraoperative use of LA (international guidelines for prevention and manage-

ment of post-operative chronic pain following inguinal hernia surgery)

The sensory examination includes; confirmation of a neuropathic area, a response 
to light touch, temperature, painful stimulus and vibration. Compare both sides and 
grade as normal, decreased or increased. Also, look for autonomic changes in 
colour, temperature, sweating and swelling.

Investigations: Haematology must be used to exclude systemic causes of neu-
ropathy including; full blood count (FBC), erythrocyte sedimentation rate (ESR), 
glucose, creatinine, alanine transaminase (ALT), vitamin B12, serum protein immu-
noelectrophoresis and thyroid function. Assessing glycaemic control with an HbA1c 
is useful in patients who are diabetic. A glucose tolerance test may be helpful if the 
diabetic status is not known. Imaging may be required to exclude nerve damage 
usually with plane films and cone-beam computed tomography (CBCT) or mag-
netic resonance imaging (MRI) if a central lesion is suspected.

The pain that the patient is experiencing must be assessed on the functional and 
psychological impact. These must be managed alongside the pain using 

T. Renton
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psychological interventions if the patient is amenable. The painful element or neuro-
pathic pain due to neuropathy is sometimes considered to be of two types—neuralgic 
(sharp, stabbing pains as in TN) or neuropathic (altered sensations such as burning, 
tingling, “pins and needles”) and so sometimes different treatments are given accord-
ing to which type of pain is felt most often. Medical management of neuropathic pain 
[28], may include tricyclic antidepressants, gabapentin and/or pregabalin, topical 
drugs applied to the skin (LA or capsaicin) or Botoxin A injections where applicable. 
Surgery is indicated urgently for post-traumatic neuropathy related to wisdom teeth, 
implant or root canal surgery within 30 hours and rarely up to 3 months but not later.

Thus, chronic pain caused by surgery is a well-recognised phenomenon in the 
medical setting but remains mainly unrecognised and poorly diagnosed in dentistry. 
Fortunately, it is very rare in the trigeminal system, likely due to the regular use of 
LA injections [5]. In order for our profession to reliably develop evidence-based 
management of these conditions, alignment and rationalisation of the current 
nomenclature must be undertaken.

Management of a patient presenting with chronic postsurgical pain (PDAP II or 
PTN) should include:

• Referral to a clinical psychologist with an interest and experience in managing 
chronic orofacial pain patients for tailored Cognitive Behavioural Therapy.

• Referral to secondary care where medical management using either (1) 
Nortriptyline 10 mg nocte (increase to 40 mg over 4 weeks and wait at highest 
tolerated dose for 6 weeks to assess response) or 25 mg pregabalin nocte for 
2 weeks and increase the dose over several months to 100 mg (50 mg mane and 
50 mg nocte) can be provided.

• Referral to secondary care where Topical Versatis patches (2% lidocaine 
Grunenthal 12 h on 12 h off) cut out to cover the upper lip region and stuck to the 
skin using micropore can be provided for relief of elicited pain at night, thereby 
also preventing sleep interruption.

Mimicking dental pain: Elicited acute neuralgic pain to non-noxious stimuli (eat-
ing, tooth brushing, tooth tapping, cold) are features of PTN, and hence easily con-
fused with various forms of toothache.

Trigeminal neuralgia (TN): Trigeminal neuralgia is the most frequent cranial 
neuralgia [6]. TN has been reported to be a rare disorder with reported incidences in 
the range of 4.5/100,000. There is a slight predilection towards females, and occur-
rence in the 50- to 70-year-old age group [49]. The elicited pain usually is spontane-
ous onset, occurs in V2 and V3 and is absent at night.

The aetiology and pathophysiology of TN have remained difficult to determine, 
although it is hypothesised that compression of the trigeminal root at or near the 
dorsal root entry zone by a blood vessel is a causative factor. Surgical data have 
consistently failed to provide high-quality data linking phenotype, MRI findings, 
operative findings and long-term outcome: therefore it is not possible to provide 
conclusive evidence that TN is caused solely by compression of the trigeminal 
nerve. A recent study using ultra-high-field MRI found high incidences of 
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neurovascular compression in individuals (92%) with no symptoms of TN, and so 
suggests that there are other mechanisms involved [50].

There are three recognised types of trigeminal neuralgia (ICHD Beta 3): [13]

• Classical TN (purely paroxysmal or with concomitant continuous pain) TN with 
MRI proven vascular compression.

• Secondary TN (like other secondary neuropathies related to space-occupying 
lesion, multiple sclerosis [MS], Herpes Zoster or systemic disease).

• Idiopathic TN (purely paroxysmal or with concomitant continuous pain) no 
cause has been identified.

Presentation: Patients with trigeminal neuralgia experience facial pain limited 
to areas associated with one or more branches of the trigeminal nerve [2, 51]. The 
symptoms that patients experience are the result of compression of this nerve by 
vasculature or tumours. This type of pain can also be caused by demyelination in 
patients with MS. Pain attacks begin suddenly and last from several seconds to a 
couple of minutes. The pain is usually unilateral in nature and is described as sharp, 
shooting, shock-like, burning and excruciating. These attacks are usually accompa-
nied by involuntary spasms or contractions of the facial muscles. Trigeminal neural-
gia is usually triggered by non-painful physical stimulation of a specific area that is 
located close to the pain [6].

There is a substantial evidence base that carbamazepine (Tegretol) is the optimal 
medical drug of choice and most patients respond very quickly. However, there is a 
risk of Stephens Johnson syndrome reaction and neutropenia. If the patient is of 
Han Chinese origin the risk of adverse reaction is significant and genetic testing can 
be undertaken, but in many countries with a population at risk, the pragmatic step is 
to prescribe pregabalin. Microvascular decompression is also effective for patients 
where medication is problematic with adverse events of impact on the ability to 
work. This brain surgery has a morbidity risk of about 1%, depending on the patient, 
so is not a decision lightly undertaken.

Mimicking toothache: The elicited neuralgic pain on eating and brushing teeth 
Mimics cracked tooth, dentine hypersensitivity and reversible pulpitis. Differential 
factors include pain that is likely to be elicited by extraoral sites and a refractory 
period with cessation of elicited pain on continued stimulation. Treatment with car-
bamazepine (Tegretol) is usually effective. One of the most pressing issues is that 
preceding trigeminal neuralgia, there is increasing recognition of preTn or preTic is 
very likely to cause toothache-type symptoms in older patients. These older patients 
will have a highly restored dentition and dental teams will always find pathology on 
a dental radiograph if they try hard enough! The pain is episodic so the anti- 
inflammatory “test” will not work.

The clinician must reflect on the history presentation and non-response to routine 
care. They must take a step back and use the pain history to guide diagnosis rather 
than relying on investigations.

Other causes of secondary NP that may rarely mimick a toothache (see 
Table 3.4).
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Table 3.4 Systemic factors contributing to ongoing chronic pain

Nutritional deficiencies
Fe, Ferritin, Zinc, Magnesium
Vit B complex, D, E
Malignancy exclude RED Flags
Compression by a space-occupying lesion centrally or peripherally NEOPLASIA
Metabolic Acromegaly, Hormonal neuropathy (Hypothyroidism, Diabetes), infarction (sickle 
cell hypoxic neural damage, giant cell arteritis)
Demyelination (Multiple sclerosis)
Infection Post viral neuropathy, Bacterial, Leprosy
Toxic Heavy metal poisoning (lead, mercury) radiation, thermal, chemotherapy, drugs
Auto immune problems: Lupus, Rheumatoid disease
Sarcoidosis and amyloidosis

Diabetic peripheral neuropathy is a condition that affects many patients with 
diabetes. In the United Kingdom, the annual incident rate per 10,000 population for 
painful diabetic neuropathy was 3.1. Diabetic neuropathy is recognised in patients 
with diabetes by the presence of peripheral nerve dysfunction symptoms after other 
causes have been excluded. Symptoms of this type of neuropathy include numb-
ness, tingling, poor balance and pain that is described as burning, having electric 
shocks sensations and/or stabbing. Although the exact mechanism is unknown, this 
type of NP is thought to be the result of oxidative and inflammatory stress caused by 
metabolic dysfunction, which ultimately damages the nerve cells. Diabetic neu-
ropathy plays a major role in foot ulcerations, the development of Charcot neuroar-
thropathy, falls and fractures [52].

HIV-associated peripheral sensory neuropathy (HIV-SN) is considered the 
most prevalent neurological complication associated with HIV infection. This type 
of neuropathy presents as a distal polyneuropathy in a symmetrical pattern that 
occurs in patients with both treated and untreated HIV infections. HIV-SN can be 
the result of injury to the nerve by the HIV itself, or it could be caused by medication- 
induced mitochondrial dysfunction of the nerve cells. Risk factors associated with 
the development of HIV-SN include exposure to neurotoxic antiretroviral drugs, 
increasing age, malnutrition, ethnicity, increasing height, certain genetic factors and 
comorbid conditions such as diabetes [53].

Chemotherapy-induced peripheral neuropathy (CIPN) is the most common 
neurological cancer treatment complication. It is a dose-dependent, adverse effect 
associated with chemotherapy agents such as platinum drugs, vinca alkaloids, bort-
ezomib and taxanes. These agents cause sensory nerve damage in the dorsal root 
ganglion. Patients with CIPN describe the spectrum of pain and numbness as sym-
metric and distal, with a “glove and stocking” distribution. The symptoms may 
become progressively worse as chemotherapy is continued. In many cases, CIPN 
improves once the therapy is discontinued; however, with cisplatin and oxaliplatin, 
it may continue even after the drugs have been discontinued [54].

Postherpetic neuralgia (PHN) is NP that develops when the herpes zoster virus 
is reactivated. The virus remains latent in the dorsal root ganglion until the patient’s 
immunocompetence begins to decrease due to increasing age, HIV infection, cancer 
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or immunosuppressive therapy, at which time the virus can reactivate. The virus can 
affect the nerves through sensitisation (hyperexcitability) and deafferentation (sen-
sory nerve death or damage). Pain is typically distributed unilaterally along spinal 
dermatomes or the ophthalmic branch of the trigeminal nerve. The annual incidence 
rate per 10,000 population for postherpetic neuralgia was 3.4  in the United 
Kingdom [55].

Burning mouth syndrome (BMS): Toothache is unlikely to be mimicked by 
BMS. Burning mouth syndrome (also known as stomatodynia) is an oral mucosal 
pain condition that is chronic, and absent of identifiable causative lesions, condi-
tions or diseases. Reported prevalence in general populations varies from 1% to 
15% according to diagnostic criteria, however, many studies include people with the 
symptom of burning mouth rather than true BMS as defined previously [56].

3.6  Idiopathic Pain

Persistent idiopathic facial pain (PIFP) and persistent idiopathic intraoral pain 
(PDAP) are chronic disorder recurring daily for more than 2 h per day over more 
than 3 months, in the absence of clinical neurological deficit. PIFP is the current 
terminology for atypical facial pain or atypical odonatlagia, and is characterised by 
daily or near daily pain that is initially confined but may subsequently spread. PIFP 
is often a difficult but important differential diagnosis among chronic facial pain 
syndromes. It has a continuous unchanging nature over many years despite many 
medical and surgical interventions [57].

Presentation: The pain is usually deep and poorly localised, and the quality is of 
burning, cramping or dull quality. The incidence is estimated as two to four per 
100,000 but exact epidemiological data are lacking. Persistent idiopathic facial pain 
is a difficult diagnostic group compared to other pain categories and symptomatic 
causes must always be sought. The underlying pathophysiology is yet unknown and 
therapy is widely unspecific and ineffective [58].

Mimick toothache chronic orofacial pain PIFP is likely to be associated with 
patients presenting with multiple pain conditions or chronic widespread pain. 
Clinicians should be aware of patients presenting with a history of chronic wide-
spread pain (CWP).

Chronic widespread pain (CWP): it is already recognised that the co-existence 
of headache further exacerbates clinical characteristics in patients with painful 
TMD, which implies the involvement of common mechanisms and pathways of 
vulnerability in these patients [59]. Up to 60% of patients with myalgic TMD pres-
ent with co-existent headaches and considering all possible levels of interaction, a 
recommendation for multidisciplinary approaches by a team of OFP specialists and 
a neurologist (headache specialist) is important to attain the most precise differen-
tial diagnosis and initiate the best treatment [60].

Multidisciplinary care is essential in optimising patient safety, in OFP, by opti-
mal diagnostics and early recognition of chronic pain, which improves the chances 
of successful management, and avoids frustration and disillusion both to patient and 
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doctor. Another recommendation must include that education of dentists in primary 
headaches is essential and history taking should include headache history and 
migrainous and autonomic associated signs routinely questioned.

3.7  Conclusion

The complexity of the anatomy, neurobiological importance of the orofacial region 
and the variable presentation of toothache make potential pitfalls of diagnosis inevi-
table. These issues are compounded by the siloed training of clinicians providing 
often conflicting advice, or worse, undertaking unnecessary surgery, given to 
patients on their desperate journey to seek out a clear diagnosis and effective treat-
ment of their OFP.

There is no ‘dark art’ in managing patients with COFP, using a holistic approach 
(Axis I and Axis II assessment) with key investigations when indicated. Clear com-
munication will likely lead to identifying a diagnosis and there are clear guidelines 
for many of the pain presentations described (see Table 3.5).

Key lessons learned by the author from seeing many patients presenting with 
these chronic OFP conditions who often have experienced unnecessary medical, 
dental, ENT and other interventions include:

• Common things happen commonly, dental teams are likely to come across odon-
togenic pain rather than other complaints.

Table 3.5 Management of Orofacial Pain

Type of pain Condition Guidance Medical management
Nociceptive pain Dentine sensitivity SDCEP prescribing 

guidance
Topical agents

Inflammatory pain Irreversible pulpitis
Dental abscess

SDCEP prescribing 
guidance
FGDP AMS guidance

Extirpate RCT or 
extraction
No antibiotics

Inflammatory 
pain ± mixed Ne 
centralised

TMD 
Arthromaylagia
Arthritides

TMD RDC guidance 
FDS RCS TMD 
guidance

Non interventional 
Analgesia Paracetamol 
ibroprufen Bite Guard

Neurovascular pain Headaches migraine NICE Guidance Adult 
headaches

TCAs, Triptans < GON 
Block or Botox

Neurovascular pain Trigeminial 
Autonomic
Cephalalgias

NICE Guidance Adult 
headaches

CH GON block SUNCT 
Lamotrogine PH 
indomethacin trial

Neuropathic pain Primary PDAP 1 or 
post-traumatic

NICE neuropathic 
guidance adults

TCAs, Gabanoids, SSRIs

Neuropathic pain Burning mouth 
syndrome

AAOP TCAs, topical 
clonazepine, SSRIs

Centralised pain PIFP
Chronic headache

AAOP TCAs, Gabanoids, SSRIs
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• If the pain does not respond to anti-inflammatories (NSAIDs) then it is not 
inflammatory pain.

• If the patient’s pain complaint is non-responsive to routine dental care, the clini-
cian should re-evaluate rather than continuing unnecessary and possibly damag-
ing treatment.

• Always ask the patient about coexisting pain conditions including chronic wide-
spread pain, headaches and cervical spine pain.

• Be aware of the mental health comorbidity that may be driving the patient’s suf-
fering and behaviour.

• Always consider the chronology of the onset of pain and an event. It can be a 
non-physical life event that may predispose the patient to develop chronic pain. 
Conversely, pain related to a traumatic event may be neuropathic in nature.

• If the pain is complex or non-responsive to treatment, ask about site, onset, char-
acter, radiation, associated signs, timing, exacerbation and alleviating factors and 
severity—SOCRATES pain history, including migrainous and autonomic signs.

• There is increasing recognition of pre-Tn or pre-Tic preceding trigeminal neural-
gia which is very likely to cause toothache-type symptoms in older patients. 
These older patients usually have a highly restored dentition and dental teams 
will commonly find pathology on a dental radiograph. It is wise to take a step 
back and use the pain history as a guide to diagnosis rather than relying on 
investigations.
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Psychological Theories of Pain

Chris Penlington, Monika Urbanek, and Sarah Barker

Learning Objectives

• To explain the limitations of the medical model of care when working with per-
sistent orofacial pain.

• To understand how the application of psychological theory to persistent pain has 
developed over time.

• To describe contemporary psychological theories of pain.

Traditionally dental treatment has tended to be underpinned by the medical model 
of care, which assumes that symptoms such as pain are caused by an underlying 
disease process or physical damage. According to the medical model, symptoms are 
likely to resolve once, all relevant underlying causes are effectively treated. 
However, research studies have shown that the relationship between pain and 
observable tissue pathology is relatively weak [1]. Everyday experiences of pain 
may include occurrences that could not be explained by the medical model.

It is common for people to experience the sensation of pain without underlying 
disease process or physical damage, e.g. when first getting into a hot bath with cold 
feet and to experience continuing damage without pain e.g. a week after breaking an 
arm or leg before the injury is fully healed. Clinical experience, both in dentistry 
and the wider field of pain management includes cases where no direct link can be 
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observed between physical disease or damage and the experience of pain. Persistent 
orofacial pain (POFP) conditions, where pain often continues despite the absence of 
objective physical findings, are an example of this.

4.1  History of Psychological Approaches 
to Pain Management

An emerging awareness of such instances has prompted a shift towards a multidi-
mensional view of pain. Such a view acknowledges a broad range of pain drivers 
which include biological, psychological and social factors [2].

4.1.1  Gate Control Theory

The first milestone towards this understanding was the publication of the seminal 
gate control theory of pain in 1965 [3]. The Gate control theory proposed that mes-
sages from the body converge on the dorsal horns of the spinal cord and the brain, 
where they were combined with other information to determine the neural response 
and thus the experience of pain. The dorsal horns of the spinal cord were conceptu-
alised as being like a “gate”, which may open or close to signals from the body 
depending on a range of factors including past experience, attention or cognitive 
variables Thus the gate-control theory introduced the concept that pain can be influ-
enced by top-down processing by the brain which can attenuate or intensify pain 
using a variety of mechanisms depending on contextual factors in the environment.

The Gate control theory provided a potential explanation for how pain might vary in 
response to a range of factors. Related to this is the question of why pain might vary in 
this way. This question was also addressed by Patrick Wall [4], who proposed that pain is 
not in fact an indicator of tissue damage or disease. Rather, like hunger or thirst, it is a 
motivational state that functions primarily to guide behaviour. That is to say that, just as 
thirst may motivate the behaviour of drinking, pain may serve to shape behaviour towards 
rest and recuperation. Taking this kind of functional perspective, it is easier to understand 
how in one context a severe injury could be painless (for example during battle when 
survival depends on continuing to fight) whereas in another a relatively minor occurrence 
could result in a high level of pain (for example a migraine triggered by stress).

4.1.2  The Neuromatrix

In the light of the above understanding and of scientific advances in the neurosci-
ence of pain, Melzack and Wall published the neuromatrix theory of pain [5]. The 
neuromatrix theory proposes a body-self neuromatrix, which triggers various output 
patterns or “neurosignatures” in response to multiple influences. These patterns are 
widely distributed throughout the cerebral cortex and can trigger behavioural pro-
grams for post-injury, disease or chronic stress [5]. Thus this theory brings together 
potential pain mechanisms along with their functional relevance and accounts for 
advancing understanding in the field of neuroscience.
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Importantly, the neuromatrix theory proposes that pain neurosignatures can be 
triggered even without sensory input from the periphery, that the neuromatrix is the 
primary mechanism for generating the neural pattern that produces pain and that 
this itself can trigger perceptual, homeostatic and behavioural mechanisms of 
response [5]. It can therefore account for some of the signs that frequently accom-
pany pain including redness, swelling and tenderness, which may be seen as a phys-
iological response to the threat of damage in some cases.

4.2  Psychological Theories

The publication of the Gate control theory marked the beginning of a shift in the 
understanding of pain away from a purely mechanical conceptualisation and 
towards a multidimensional experience affected by a range of biological, psy-
chological and social factors. Alongside this shifting understanding came the 
possibility of applying psychological principles to the treatment of long-
term pain.

4.2.1  Behavioural Approach

Traditionally, behavioural approaches were being used to treat mental health prob-
lems such as fear and phobias with some success [6]. The behavioural approach was 
applied to the management of pain by Wilbert Fordyce [7], leading to the establish-
ment of pain clinics that incorporated psychological science into the management of 
pain [8]. Behavioural therapy applied the principles of behavioural conditioning to 
pain behaviours, aiming to use operant conditioning techniques to increase healthy 
behaviours and reduce pain behaviour.

Operant conditioning refers to the systematic application of specified conse-
quences to behaviour, which influences the likelihood of the behaviour being 
repeated. Behaviour can be reinforced by positive (where the behaviour is followed 
by a rewarding consequence) or negative (where the behaviour is followed by a 
consequence which is also rewarding, due to the cessation of an unpleasant experi-
ence) reinforcement and will be more likely to recur. On the other hand, behaviour 
can be reduced if it is followed by extinction (no consequence) or punishment (an 
unpleasant consequence). Behavioural therapy involves using these contingencies 
in a systematic way to strengthen adaptive behaviours such as active engagement in 
meaningful activities and to weaken behaviours seen as problematic ie excessive 
resting or complaining. Within this protocol relaxation skills were also taught and 
applied alongside graded exposure to systematically desensitise patients to an 
increasing range of activities. An important part of behavioural protocols is the need 
for a careful “functional analysis” of behaviours and consequences which need to be 
considered on an individual basis since something that is experienced as rewarding 
to one person may be regarded as unpleasant by another. Many of the behavioural 
innovations employed by Fordyce remain relevant today, including the consider-
ation of pain behaviours as targets of treatment and the need for individual func-
tional analyses. Behavioural therapy for pain also introduced the assertion that 
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precipitating and maintaining factors to a problem are often quite different, which 
also remains highly relevant to current practice.

4.2.2  Cognitive Approach

The behavioural approach focused on behaviour, which could be objectively 
observed. It did not take account of non-observable phenomena such as emotions 
and thoughts. Within clinical psychology in general the recognition and impact of 
thoughts and thinking patterns [9] received increasing attention through the 1970s 
and 1980s, leading to the development of cognitive therapy, an approach that puts 
much more emphasis on internal, unobservable events including thoughts and 
beliefs. This approach came to be known as “second wave” behavioural therapy and 
approaches focusing on changing observable behaviour through classical and oper-
ant conditioning became known as the “first wave”.

Within multidisciplinary pain clinics, cognitive and behavioural approaches 
were naturally combined into Cognitive-Behavioural therapy (CBT) [8], an 
approach which, again, mirrored wider developments within clinical psychology. 
Cognitive-behavioural theories of pain are based on the premise that thoughts, emo-
tions, behaviours and physical sensations are all interrelated and exist within a par-
ticular context that is also influential. Small changes in any of these areas can have 
wide-ranging influences through the circular effect of their influence on each of the 
areas. The CBT model is often presented diagrammatically and illustrates how, 
within a particular person, the different areas of the model may link with each other 
and create “vicious cycles” which can increase symptomatic distress. An example 
of such a cycle is illustrated in Fig. 4.1.

5 AREAS MODEL

This is terrible, I can’t cope.
Nobody is taking my pain
seriously. There must be a
problem that hasn’t been

spotted yet

Pain, tension, fast breathing, sweaty, hot

Scared, worried,
frustrated

Repeated requests for appointments and
further investigations. Excessive resting

and avoidance of certain movements

Context: How pain is
underslood culturally,
sociodemographic
characleristics, response
of friends and colleagues
to pain

PHYSICAL

THINK FEEL

BEHAVIOUR

Fig. 4.1 An example of a cognitive behavioural formulation of persistent pain
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Having identified thoughts or behaviours which are thought to feed into cycles in 
this way, psychological therapists will then work collaboratively with patients employ-
ing a variety of techniques to address potential issues and reverse vicious cycles.

4.2.3  Thoughts and Beliefs

A significant body of research has focused on identifying specific thoughts or 
beliefs, which may be implicated in poor outcomes in persistent pain and could 
potentially be modified with CBT.  In terms of cognitive processes, research has 
highlighted a relationship between pain-related beliefs and appraisals with pain 
intensity, depression, physical disability, activity and social role limitations [10]. 
Pain catastrophising can be described as the magnification of the threat of, rumina-
tion about and perceived inability to cope with pain [11]. It has been found to be 
associated with greater physical and psychosocial dysfunction even after control-
ling for pain and depression levels [12]. Fear-avoidance which refers to activity 
avoidance due to fear of increased pain or bodily harm has also been shown to be 
important in pain and physical and psychosocial function [10, 13]. Self-efficacy 
beliefs, which refer to the confidence a person has that they can engage in behav-
iour, which will make a difference to their situation, have also been identified as 
important [14].

The theory behind cognitive behavioural therapy of pain would suggest that if 
such beliefs could be identified and changed, the pain would then be likely to have 
a lesser impact on mood, quality of life and disability. In a study of CBT for patients 
with temporomandibular disorders (TMD), such mediation effects were indeed 
reported for beliefs about pain, catastrophisation and self-efficacy [15]. However, 
another study has failed to replicate these findings [16]. It remains unclear therefore 
whether the targeted treatment that achieves changes in cognitive behaviour trans-
lates into the improvements that are seen following CBT in outcome measures.

4.2.4  Physical Sensations

The experience of persistent pain includes physical sensations of the pain itself and 
is also related to an individual’s response to this pain. Injury and pain typically trig-
ger the “fight or flight” response. This response is the body’s way of dealing with 
immediate threats and is mediated by the autonomic nervous system and the hor-
monal system [17]. Persistent pain is often associated with an increase in anxiety 
and agitation, which can manifest as a strong drive to seek medical help and find a 
cure [18]. A dilemma for the chronic pain patient is that the pain constitutes a per-
sistent and inescapable source of threat. This can lead to hypervigilance. The find-
ings published by Dehghani et al. [19] show that chronic pain patients selectively 
attend to sensory aspects of pain. This felt a sense of threat could function as a 
maintaining factor for pain in terms of the neuromatrix and could be heightened not 
just by continuing pain but also beliefs that this is linked to damage and that 
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therefore the problem is not being taken seriously by treatment providers. This 
would be addressed within CBT by aiming to address a patient’s beliefs and under-
standing about pain and provide appropriate pain education.

4.2.5  Behaviours

The CBT model also suggests that coping skills are important as constant pain could 
overwhelm a person’s ability to cope using their usual strategies [20]. A range of 
skills is often taught including relaxation, activity management and planning, and 
specific exercises. Again, however, there is little evidence to link engagement with 
such skills to outcome following pain management interventions [21, 22]. Whereas 
CBT has been associated with good outcomes for pain management, including per-
sistent orofacial pain [23], mechanisms behind this improvement remain unclear.

4.2.6  Third Wave Approaches

Second-wave cognitive behavioural therapies have tended to focus on the content of 
thoughts and on helping people to rationally challenge thoughts, which are seen as 
“dysfunctional” or “irrational” and which may perpetuate psychological distress. For 
example, the thought “I can’t cope with this pain” might be addressed in a systematic 
way by writing down evidence of times when the person has successfully managed 
to cope with similar levels of pain along with education about how thoughts can 
sometimes be inaccurate and ideas for new techniques that they could explore. Within 
this model, changing thoughts are seen as key to more adaptive functioning.

However, worrying thoughts about ongoing and intense pain may not be unreal-
istic. McCracken and Eccelston [24] found that worries about pain typically fell into 
one of four categories, elaborated here with possible examples from orofacial pain:

 1. Pain experience
(e.g. this pain just keeps hurting)

 2. Disability
(e.g. I can’t have conversations like I used to)

 3. Medical uncertainty
(e.g. have I got a new infection in my tooth?)

 4. Negative effect
(e.g. I’m weak for not stopping the procedure).

It was shown that worry in chronic pain differs from generalised anxiety disorder 
(GAD), and is a normal response to the abnormal situation of chronic pain [24]. 
McCracken and Eccleston went on to suggest that acceptance of chronic pain was 
correlated with less pain, reduced disability, less pain-related anxiety, higher levels 
of daily activities and better employment opportunities [24].

The construct of acceptance is relevant to a group of approaches including accep-
tance and commitment therapy (ACT) and mindfulness-based interventions (MBis), 
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known as “third wave” CBT. At the heart of such interventions is the theoretical 
construct of “psychological flexibility” and its opposite, “experiential avoidance” 
[25]. The term “psychological flexibility” refers to the capacity and willingness to 
remain in contact with present moment experience, even when it is difficult or 
unpleasant. Experiential avoidance on the other hand refers to an unwillingness to 
remain connected to certain internal experiences including thoughts, feelings and 
physical sensations that are painful or uncomfortable. ACT is based on the theory 
that attempts to avoid pain and other difficult internal experiences have the unin-
tended consequence of restricting engagement in activities that are personally 
meaningful and important. Overall, this restriction is considered to be linked with 
poor outcomes such as increased disability.

Research into the mechanisms behind third-wave approaches has been more fruit-
ful than in traditional CBT. For example, Eifert and Heffner [26] compared the effects 
of acceptance versus control strategies applied to aversive interoceptive stimulation, 
and found that those using acceptance-based strategies had less catastrophic thoughts, 
and less intense fear and cognitive symptoms. Feldner et al. [27] demonstrated that 
those who used experiential avoidance as a way of coping with an aversive cold-
pressor task had lower levels of pain endurance and tolerance. Costa and Pinto-Gouvia 
[28] conducted hierarchical regression analyses, and showed that experiential avoid-
ance and self-compassion are the factors that mostly explain psychological distress. In 
their discussion, they suggested that when people with chronic pain are willing to 
remain in contact with particular private experiences rather than attempting to control 
them, they reported less depression, anxiety and stress. Branstetter-Rost et al. [29] 
evaluated the effect of adding in a personalised values-based exercise in an accep-
tance-based treatment for pain and found that helping patients to clarify the values that 
are important to them in life makes a significant contribution to treatment.

An alternative method of researching relevant processes of change is to link what 
people do, or pain outcomes to measures of neural activity. Zeidan et al. [30, 31] 
have reviewed research into meditation practices including mindfulness, which 
aims to illuminate neural pathways through which these practices may modulate 
pain. Initial findings were reported to suggest that improvements in pain in novice 
meditators might be supported by frequent cognitive re-appraisal through the prac-
tice of focused attention. For these people reductions in pain were accompanied by 
increased activation in the orbitofrontal cortex (OFC). By contrast, in experienced 
meditators, reductions in pain were associated with reduced activity in the OFC 
which the authors suggested may reflect the shift with increased meditative experi-
ence from cognitive reappraisal towards a more appraisal-free state and from 
focused attention to open meditation [31]. This appraisal-free state could be inter-
preted as a state of psychological flexibility since it involves allowing present 
moment experience to be just as it is without attempts to change or avoid it. Recent 
research by Zeidan et al. [32] has also described neural correlates of dispositional 
mindfulness, which has been found to be related to reduced pain in response to a 
noxious heat stimulus. These studies have the potential to link a theoretical model 
to neural mechanisms leading to a greater understanding of proposed mechanisms 
of change which perhaps, in the future could be more fully understood and targeted 
by a more diverse range of treatment approaches than is currently available.
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4.3  Focus of Therapy

One challenge to incorporating psychological theory within the field of persistent 
pain has been that, within a wider medical culture that tends to emphasise physical 
or biological changes, the incorporation of a psychological angle can be seen as 
dismissive, suggesting that the pain is “not real” or “in the head”. This is in fact a 
common misconception about the implications of engaging in psychological work 
and can present a major barrier to engagement. Psychologists have tended to respond 
to patient concerns about being labelled in this way by stressing the huge impact 
that pain has on various aspects of life and focusing on how psychological interven-
tions can help in this area.

This approach has the advantage of reducing the risk that patients will feel dis-
believed. Moreover, neither the neuromatrix nor the biopsychosocial model includes 
explicit theories of how psychological and social factors specifically interact to 
influence pain, and research into potential mechanisms for this remains at an early 
stage. It makes sense therefore that psychological interventions including cognitive 
behavioural therapy (CBT) and acceptance and commitment therapy (ACT) empha-
sise that pain reduction is not a primary target of treatment. This rationale discour-
ages an overt focus on pain, something which otherwise may lead to pain 
magnification. It also supports patients to focus outwards and consider their life 
within a wider perspective, enabling them to consider changes that are within their 
control and likely to lead to general improvements in their life whether or not pain 
can be reduced. An alternative approach focuses on providing pain education explic-
itly to reduce the sense of threat that may be experienced with persistent pain [33]. 
The “explain pain” (EP) approach consists of employing a range of educational 
methods and resources which aim to shift patients’ understanding of pain from that 
of being an indication of tissue damage or disease towards representing a perceived 
need to protect body tissue [33]. Perhaps building on EP, pain neuroscience educa-
tion is gaining credibility as an effective way of addressing persistent pain [34]. 
Educational material, which is often tailored to the individual, aims to reduce mis-
conceptions and, therefore, fear about the pain which otherwise can act directly and 
indirectly as powerful drivers of the perceived threat and of continuing pain. A 
newer approach, cognitive functional therapy (CFT), developed as a treatment for 
back pain also provides tailored education about pain and how it works while 
explicitly linking this to strategies for movement and everyday activities [35]. Like 
CBT and ACT, both of these interventions are firmly rooted within a biopsychoso-
cial framework and target a range of factors that according to a biopsychosocial 
understanding of pain, may be relevant to the maintenance of the pain state.

The above approaches, which clearly integrate a psychological understanding of 
pain as a major treatment component, differ from more traditional psychological 
approaches to pain management in that they explicitly target a reduction in pain as 
a primary outcome in addition to secondary outcomes of improved mood and ability 
to engage in valued life activities. They repeatedly return to a core functional under-
standing of pain. Within a pain functional approach, pain is understood as an output 
associated with felt danger or threat; it, therefore, follows that reducing the threat 
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(which is achieved with targeted education about pain and about the impact of strat-
egies for pain control which may lead to long-term exacerbations) can reduce pain. 
Compassion-focused therapy, which uses a range of methods to reduce threat-based 
emotions such as shame also shows promise for pain management [36] and could 
also be seen as relevant within this philosophy.

Research has been lacking, to date, in psychological approaches to POFP guided 
by a functional understanding of pain. Such an approach may be a good fit for the 
population, particularly in the light of recently published guidelines for the treat-
ment of TMD [37] which stress the importance of education and reduction of para-
functional activities and advise that pain resolution is likely for patients who actively 
self-manage.

4.4  Summary

There is compelling evidence that pain is a complex and multifactorial experience. 
While biological factors such as damage and infection are strong drivers of pain in 
many cases, both theory and evidence point to the importance of a range of psycho-
logical and social factors in the experience of pain. Such an understanding opens up 
the potential for a broader range of treatment targets and approaches. Most interven-
tions for POFP will benefit from integrating an understanding of psychological and 
social factors. However, at present, the theories that inform such interventions war-
rant further research and remain incomplete.
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Psychological Interventions 
for Persistent Orofacial Pain

Sarah Barker, Monika Urbanek, and Chris Penlington

Learning Objectives

• To understand the psychological interventions that can be applied to persistent 
orofacial pain.

• To consider how these approaches can be applied using a stepped-care model.

Persistent orofacial pain (POFP) is relatively common and affects approximately 
10% of adults and up to 50% of the elderly [1]. POFP includes a range of conditions 
including temporomandibular disorders, burning mouth syndrome, persistent den-
toalveolar pain, trigeminal neuralgia, and atypical facial pain [2, 3]. Iatrogenic tri-
geminal nerve injury can also lead to persistent orofacial pain [4].

Due to the complex anatomy of the region and the difficulties in diagnosis and 
treatment of chronic pain conditions, the pain is often experienced as recurrent, 
persistent and disabling [5]. It often presents alongside pain in other body areas [6], 
suggesting a common pathway with other persistent pain conditions, although there 
is also some evidence of unique pain pathways in the orofacial region [7].

POFP symptoms have a significant impact on individuals, families and com-
munities. They are often associated with social isolation, psychological distress, 
sleep disorders, impairment of daily activities, occupational disability, higher fre-
quency of health care use and reduced quality of life [5, 8, 9]. Many patients 
attending a dental consultation also have co-morbid psychological health issues, 
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some in the context of other long-term physical health conditions [10]. Identifying 
and treating these issues can improve dental care, and in the longer term be more 
financially prudent. Pain is multifactorial, and psychological factors need to be 
addressed alongside pathology in the dental clinic. The bidirectional relationship 
between mental and physical health has been hailed as a “new frontier” in health-
care [11] and integrating mental and physical healthcare is now a key priority for 
clinical commissioning groups (CCGs). Clinical psychologists are increasingly 
developing a specialised role within dental services, usually working within a 
multidisciplinary team and carrying out assessments and bespoke interventions 
for patients with more complex presentations. Interventions led by a clinical psy-
chologist will be shaped and guided by formulation, a key unique skill of clinical 
psychologists.

5.1  Formulation

Regardless of therapeutic orientation, clinical psychologists are trained to plan and 
evaluate each intervention based upon an individual formulation for each patient. A 
formulation is a hypothesis about why a person is experiencing particular problems 
at a particular time. Thus a formulation is specific to each patient and links theory 
with practice. It will aim to explain, on the basis of psychological theory, why the 
particular difficulties experienced by a patient have developed and how they are 
maintained. In the case of persistent pain, this may refer more to the way in which 
a patient responds to their pain rather than to the pain itself. It is constructed col-
laboratively with patients and teams, and guides subsequent interventions, which 
are based on the psychological processes and principles previously identified. These 
can subsequently be revised and reformulated.

The roots of the formulation can be traced back to the 1950s when the scientist- 
practitioner model emerged. The British Psychological Society, in their guidelines 
on formulation [12] advocates formulating from a broad-based, integrated and 
multi-model perspective. Recognising wider systemic, organisational and societal 
influences is key. The process involves reflection and is “a balanced synthesis of the 
intuitive and rational cognitive systems” [13].

Formulations are seen in terms of their usefulness rather than being a truth [14]. 
Co-creating a plausible narrative is an ongoing process, and revisions are integral to 
their application. Corrie and Lane [15] suggested that formulation can also serve 
other purposes, such as noticing gaps in information, minimising decision-making 
biases, thinking about lack of progress, helping the person feel understood and con-
tained, and normalising problems.

Formulating is a core competency for clinical psychologists and integral to the 
way they work. However, this approach can create tensions for research since treat-
ment based on individual formulations by definition cannot be standardised in man-
uals or fully evaluated by randomised controlled trials.
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5.2  Psychological Interventions for Pain

Psychological approaches to persistent pain, described below, include cognitive 
behaviour therapy (CBT), acceptance and commitment therapy (ACT) and 
mindfulness- based interventions (MBIs).

Given the increasing demand for psychological care, a stepped care approach is 
recommended by The National Institute for Health and Care Excellence (NICE). 
This advocates assessing complexity and tailoring treatment according to need and 
the resources available. Stepped care for anxiety and depression often involves 
guided self-help at the lowest intensity, computerised packages of standardised 
care, group work and individual work of varying duration. We discuss three com-
mon psychological approaches below, then outline how these can be implemented 
within services using a stepped care approach.

5.3  Cognitive Behavioural Therapy

Cognitive behavioural therapy (CBT) for pain management aims to reduce psycho-
logical distress and improve physical and role function by helping individuals 
decrease unhelpful behaviours, increase helpful behaviours, identify and change 
unhelpful thought patterns and increase self-efficacy for managing pain [16]. For 
instance, negative thoughts about pain can contribute to the avoidance of pleasant 
activities and therefore add to emotional distress. The goal of the treatment is to 
achieve functional recovery outcomes involving improved physical, social and work 
activity, mood stability, anxiety and sleep disorders [17–19].

It is a present-focused, action-oriented and time-limited intervention. Whilst 
there are no standard CBT protocols, some of the techniques include relaxation 
training, setting and working towards behavioural goals, e.g. systematic increases in 
exercise; behavioural activation, guidance in activity pacing, problem-solving train-
ing and cognitive restructuring [20, 21]. Patients are often encouraged to complete 
activities in between sessions in order to practise new skills, e.g. complete thought 
records, practise relaxation or work towards behavioural goals [16].

A vast body of research has shown that CBT is effective for a range of chronic 
pain conditions, including arthritis, sickle cell disease and fibromyalgia. There is 
also some evidence suggesting benefits for patients with orofacial pain, including 
temporomandibular dysfunction [22–24]. Turner and colleagues [25] found greater 
improvements in pain-related beliefs, catastrophising and coping in patients receiv-
ing CBT in comparison to a control group. Research has also shown that patients 
with burning mouth syndrome experience improvements in relation to the severity 
of pain and discomfort after 12–16 sessions of CBT, and these effects are main-
tained 6–12 months after therapy [26, 27]. while initial results are promising, fur-
ther research is required to establish the efficacy of CBT for the orofacial pain 
conditions.
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5.4  Acceptance and Commitment Therapy (ACT)

Acceptance and commitment therapy (ACT) is one of the recent third-wave 
mindfulness- based behaviour therapies. It was developed in 1982 by Steven 
C. Hayes who has extensively researched the model and the active processes [28]. It 
challenges the ground rules of traditional therapeutic approaches, in that it starts 
from the premise that the psychological processes of a normal human mind are 
often destructive and can create suffering [29].

ACT is a non-linear model aiming to increase psychological flexibility to effect 
change [30]. At the centre of an ACT intervention is the “hexaflex”, which proposes 
six processes to achieve psychological flexibility: contact with the present moment, 
acceptance, values, committed action, self-as-context and defusion. Key questions 
in this therapy are “what valued direction does the client want to go in” and “what 
is getting in the way?” in the therapy we continually return to the explicit values the 
client has and the specific behavioural change they are trying to achieve, whilst 
building commitment and ensuring the client feels safe. Mindfulness exercises in 
session can help to build safety. It differs markedly from therapies such as CBT, in 
that the client is encouraged to defuse thoughts rather than engage with them 
through evaluation. Metaphors such as “a passing storm” are used to illustrate the 
impermanence of thoughts and feelings. The ACT model is a shift in focus away 
from coping methods that emphasise the control or change of psychological experi-
ences, towards acceptance of difficult thoughts and feelings.

ACT is based on functional contextualism, which means we are primarily inter-
ested in the function of a particular behaviour. This contrasts with elemental realism 
on which therapies such as CBT are based, which looks at the form of the behaviour, 
e.g. whether a particular thought is positive or negative.

Different behaviours can serve the same function, for example, they help the cli-
ent to avoid painful thoughts and feelings. An ABC approach (antecedents, behav-
iours and consequences) is a structured way to help bring a mindful approach 
towards the internal and external antecedents that precede behaviours. Some clients 
have little self-awareness of their thoughts and feelings before a particular behav-
iour, and an important part of therapy is to help clients to develop this self- awareness. 
Helping clients to make links between how they feel, what they do and what is hap-
pening physiologically and cognitively can be a key part of therapy. There can be 
payoffs to destructive behaviours, and these may have provided benefits in the past, 
but can interfere now and prevent the client from building a rich and meaningful 
life. Cognitive defusion is used to help clients to gain distance from thoughts and to 
put painful memories into a historical narrative. There is a range of cognitive defu-
sion techniques, which all aim to create some distance from thoughts. Clients are 
also encouraged to make “towards” moves to head in the direction of their key val-
ues, rather than “away moves”. A key aim is to help clients to build their capacity to 
be in the present moment with openness, curiosity, and flexibility.

An increasing body of literature is demonstrating the effectiveness of this 
approach in mental health [31] and chronic pain [32]. There is also some evidence 
that ACT is efficient from a societal or a third-party payer perspective [33]. A recent 
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meta-analysis however noted the low quality of many studies, and the need for high- 
quality randomised controlled trials (RCTs) [34].

5.5  Mindfulness

Mindfulness-based interventions aim to help people to change their relationship to 
internal events such as thoughts, feelings and sensations by noticing and accepting 
present moment experiences without judging or attempting to control them [35]. 
Mindfulness is considered to be a third-wave approach because the focus for change 
is not on internal experiences such as thoughts themselves, but on how we relate to 
these experiences. Mindfulness is a form of meditation that does not aim to promote 
change or to solve a problem but to develop the capacity to notice present moment 
experience including thoughts and feelings. This capacity is developed through the 
regular daily practice of mindfulness meditation. It can help us to develop an aware-
ness of our habitual responses which otherwise tend to be automatic and unseen. As 
awareness develops, habitual, automatically-driven responses to triggers such as 
pain or distress reduce and the possibility of actively choosing how to respond help-
fully is opened up.

Mindfulness has been extensively used in pain management settings since the 
pioneering work of Jon Kabat-Zinn who developed mindfulness-based stress reduc-
tion (MBSR) [36]. A recent review [37] reported that mindfulness-based interven-
tions showed slight improvements over active or passive control groups in reducing 
pain intensity and were superior to control groups in reducing depression. No evi-
dence was reported of any difference in efficacy in improving pain or depression 
between MBIs and other well-established treatments such as CBT. Compassion- 
focused interventions have been less well studied but also show early promise in 
pain management settings [38, 39].

5.6  A Stepped Care Approach

Formal psychological measures routinely administered in the clinical setting can 
offer an indication of levels of anxiety, depression and risk. These measures com-
plement the clinical judgment of therapists involved in patients’ care and need to be 
interpreted in the context of how individuals present in assessment and/or treatment 
but can be a useful way of stratifying patients for psychological treatment.

Often, people with milder or less entrenched symptoms are considered to be 
appropriate for structured or manualised therapies using the approaches described, 
while those with more complex presentations are likely to be referred to clinical 
psychologists who may be able to address individual blocks to improve with their 
ability to formulate from a range of therapeutic backgrounds.

Currently, there is seldom a distinction made between higher and lower levels of 
complexity in research on psychosocial approaches to pain management in POFR it 
would be useful for this to be reported explicitly in future research since initial 
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complexity is an important variable that affects the outcome. In clinical practice, 
patients are presenting with increasingly complex presentations, which necessitates 
close liaison between multidisciplinary colleagues where possible.

Multidisciplinary pain management programmes (PMPs) include psychological 
input alongside a more physical rehabilitative approach delivered by staff from 
other disciplines such as physiotherapy, doctors, specialist nurses and occupational 
therapists. They aim to help patients with more complex presentations of pain which 
may not have responded to previous treatment.

The psychological components of a PMP are based on CBT or ACT and are 
delivered alongside other topics including exercise, understanding pain and medica-
tion management. A recent Cochrane review [40] reported evidence that PMPs are 
more effective than usual care (moderate-quality evidence) and physical therapy 
(low-quality evidence) in terms of pain and disability outcomes that are maintained 
for at least 12 months post-treatment. There is no evidence to suggest that PMPs are 
more or less effective than psychological therapies. As discussed, the typically 
higher level of complexity of patients referred to multidisciplinary treatment would 
make direct comparisons between the different approaches difficult.

Multidisciplinary programmes developed alongside a recognition that, since 
pain is multifactorial, no one professional group has the skills to provide successful 
treatment. Therefore professionals trained in their own discipline have worked 
together to jointly understand the unique presentations of patients with persistent 
pain, often adapting methods developed for different contexts for application within 
a pain management setting. There are exciting developments including neurosci-
ence education (NE) and cognitive functional therapy (CFT), which focus more 
explicitly on linking an understanding of psychological, biological and contextual 
factors within a unique formulation for each patient. Claims that the successful 
application of these biopsychosocial approaches can indeed lead to at least a degree 
of pain reduction are supported by a review of pain neuroscience education [41] and 
a randomised controlled trial of CFT [42]. These initially impressive results suggest 
that both approaches warrant further study and application within POFR.

5.7  Summary

Psychological and multidisciplinary approaches to the management of pain are 
widely accepted and based on an established scientific rationale. Current evidence 
consistently describes significant but small improvements in a range of clinical out-
comes including pain, disability and depression. Within a stepped care model, the 
routine administration of psychological measures can aid decisions about which 
level of treatment is the best fit for a particular patient. This can help to differentiate 
between people who are suitable for more straightforward, manualised treatment 
packages and those who require more bespoke interventions due to a higher level of 
complexity. Within the clinical setting, good quality information and education 
about the multifactorial nature of pain is essential to ensure that patients appreciate 
how biological, psychological and social factors impact on each other.
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An Overview of Dental Anxiety 
and the Non-pharmacological 
Management of Dental Anxiety

Jennifer Hare, Geanina Bruj-Milasan, and Tim Newton

Learning Objectives

• An overview of the definition, prevalence and management of dental anxiety and 
phobia, and knowledge of:
 – The definition of dental anxiety, and the diagnostic features of dental phobia.
 – The prevalence of mild, moderate and severe dental anxiety.
 – Managing anxiety in dental settings.

Anxiety has been defined as a “vague, unpleasant feeling accompanied by a premo-
nition that something undesirable is about to happen” [1]. Although the terms “anxi-
ety” and “fear” are often used interchangeably, anxiety is usually said to be a general 
feeling whereas fear is termed a reaction to a specific event or object. In reality, this 
can be a difficult distinction to draw and many authors use the two terms inter-
changeably. However, for the purposes of this article, we will tend to use the term 
“dental anxiety” to refer to mild and moderate negative feelings about dentistry, 
including the dental environment and dental treatment, and dental phobia as the 
most severe form of such fear.

The level of anxiety an individual experiences in relation to dental treatment is 
likely to vary from person to person. Some will experience low levels of anxiety, 
while others more moderate levels up to and including those with phobic levels of 
anxiety. The term “phobia” is reserved for an anxiety disorder comprising a marked 
and specific fear that is excessive or unreasonable. The DSM-V [2] criteria for the 
diagnosis of dental phobia are:

• Considerable and persistent fear in response to the presence or anticipation of a 
specific object or situation (in this instance the dental setting or dental treatment).
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• Exposure to the stimulus almost always evokes an instant anxiety response.
• The individual recognises that the fear is unreasonable or excessive.
• The phobic object/situation is either avoided or endured with strong anxiety.
• The fear, anticipatory anxiety or avoidance behaviour interferes with social or 

occupational functioning or daily routines or there is considerable distress about 
having this phobia.

• The phobia must be of a duration greater than 6 months.
• The symptoms cannot be better explained by any other diagnosis.

The ICD-10 [3] criteria for dental phobia are similar but simpler:

• The symptoms represent primary manifestations of anxiety rather than being 
symptoms of obsessional or delusional thoughts.

• The anxiety is circumscribed to a particular object or situation.
• The feared object or situation is avoided where possible.

The Five Areas™ model of anxiety suggests that anxiety has five elements com-
prising: situational factors, unhelpful thoughts, unhelpful behaviours, physical symp-
toms and feelings [4]. The dental setting is a complex situation that may have many 
triggers to anxiety including the sounds and smells associated with the dental sur-
gery, as well as specific aspects of dental treatment. For example, fear of injections is 
one of the most common aspects of dental phobia [5]. Furthermore the level of dental 
anxiety demonstrated by a patient is likely to be an interaction of their general feel-
ings about dentistry, and the specific dental challenge they are facing at that time.

The physiological manifestations of anxiety are typically mediated through the 
autonomic nervous system—increased heart rate, sweating, raised blood pressure, 
palpitations and breathlessness. Perhaps the most common behavioural manifesta-
tion of anxiety is avoidance of the anxiety-provoking situation or escape from the 
situation, and this is recognised in the definitions of the phobia within the DSM and 
ICD classifications. There are other behavioural manifestations, including some 
patients who report attempts at meticulous oral hygiene in order to maintain oral 
health and therefore lessen the need for visiting a dentist [6], or disruptive behaviour 
during the dental visit. Cognitive elements of anxiety include both unhelpful 
thoughts about the situation (e.g. what could go wrong) and also the impact of anxi-
ety on our thinking processes. For instance, anxiety may reduce our ability to con-
centrate or to remember.

6.1  The Prevalence of Dental Anxiety and Phobia

The prevalence of phobic levels of anxiety appears to be consistently in the region 
of 10% of the population, though the prevalence of dental phobia is higher in women 
than men, but tends to decline in prevalence after the age of 50. A review of the 
published epidemiological studies of dental anxiety and phobia in adults is provided 
by Raadal and Skarat [7].
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The prevalence of low and moderate levels of dental anxiety is more difficult to 
determine. Hill et al. [5] defined low, moderate and severe anxiety using cut-offs for 
the modified dental anxiety scale (MDAS) in a sample of 10,900 UK adults. Low 
levels of anxiety were reported in 51% of adults, 36% had an MDAS score of 
between 10 and 18 indicating moderate dental anxiety, and a further 12% had a 
score of 19 or more which suggests extreme dental anxiety.

6.2  Comorbidity in Dental Anxiety

Individuals with dental phobia often experience a range of other psychological 
problems in addition to their extreme anxiety. General anxiety is common—occur-
ring in approximately 40% of patients with dental phobia [8], depression has been 
also reported—though at levels which might be expected in the general population. 
Other commonly found comorbidities include the presence of blood-injury- injection 
phobia (BII) where the individual has a marked reaction to injury, the sight of blood, 
or injections of any form. Often in the instance of BII, the fear of dental treatment 
may be simply a manifestation of a fear that dental treatment may involve one or 
more of these elements. Post-traumatic stress disorder has been reported in some 
individuals who have the clear manifestation of PTSD in relation to dental settings, 
for example, flashbacks. Kani et al. [8] also report that approximately 3% of their 
patient group reported suicidal ideation in the last month prior to their assessment 
for dental phobia.

6.3  The Impact of Dental Phobia

Living with an extreme fear of dental treatment appears to have a broad range of 
impacts on the individual, from the predictable impact on the oral health of pro-
longed avoidance of dental treatment to the less apparent impacts on social and 
psychological wellbeing.

6.3.1  Oral Health

Individuals with dental phobia have poorer oral health than those who are not den-
tally phobic. A review of epidemiological studies of non-clinical populations found 
that in general there is a clear gradient in the relationship between the level of dental 
anxiety and oral health, with increased anxiety at all levels being associated with 
poorer oral health [9], across all measures including self-reported oral health, oral 
health-related quality of life, caries rates, tooth loss and periodontal disease. 
Individuals with dental phobia presenting for treatment at specialist centres have 
been found to have markedly poorer oral health, a finding likely to be due to the 
observation that the patients’ eventual presentation for treatment is triggered by 
their deteriorating condition [10, 11].
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6.3.2  Psychosocial Functioning

Though less extensively researched, there is some evidence that people with dental 
phobia may experience some impact on their daily functioning and quality of life. 
Cohen et al. [6] undertook a series of qualitative interviews with individuals attend-
ing a specialist treatment centre for individuals with dental phobia and reported a 
number of impacts among this group. Similarly, epidemiological surveys reveal 
elevated levels of embarrassment, impaired social functioning (smiling in social 
situations, etc.) and impaired quality of life amongst individuals with extreme den-
tal fear [12–14]. Increased medication use, low self-confidence and self-esteem, 
psychosomatic disorders and increased time off work have also been reported 
amongst people with dental phobia compared to non-dentally phobic populations 
[11]. Hägglin et  al. [15] reported that women with high levels of dental anxiety 
reported significantly impaired social functioning on the SF-36  in comparison to 
non-phobic women, notably in the areas of physical function, pain perceived gen-
eral health, vitality, social functions, mental health and emotional well-being.

6.4  Impact on the Dental Team

Dealing with patients who are anxious about dental treatment has been reported as 
a source of stress for the dental team [16]. This impact may occur both through the 
additional time requirements in order to implement care and coping strategies for an 
individual who is anxious, as well as the interpersonal stress of working with some-
one who is in distress. The additional time required for managing an individual with 
high levels of anxiety may lead to running late with subsequent patients and the 
difficulties that follow. It is acknowledged that having to reassure a patient who may 
have very negative perceptions of your role is in itself stressful [16].

6.5  The Proportionate Model of Anxiety Management

Newton et al. [17] outline a stepped approach to intervention for people with dental 
anxiety which intensifies the level of intervention according to the level of anxiety 
reported by the patient (Fig. 6.1).

We believe that these approaches can be grouped into combinations for applica-
bility in the dental setting, as follows:

6.5.1  Adopt a Preventive and Minimally Invasive Approach 
to Caries Management

Given that many people who are dentally anxious report having traumatic experi-
ences (e.g. considerable pain, invasive treatment, humiliation, loss of control) at the 
dentist earlier in their life [18–20], it can be hypothesised that a more preventive 
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approach associated with less invasive treatment (such as interim restorative care) 
should also have a positive influence on anxiety about dental visits. This approach 
is as yet untested but is aligned with developments in minimally invasive den-
tistry [21].

6.5.2  Create a Warm and Welcoming Environment Conducive 
to Cooperation

The environment of dental surgery has been identified as a barrier for patients 
accessing dental services, in particular patients’ perceptions of the attitudes and 
values of the staff. Fundamental to this would be staff training in communication 
skills so that each patient is welcomed in a warm and sympathetic way, creating a 
seamless journey from the reception to the dental surgery. In addition, consider the 
images and smells of the practice and how these may help to calm the patient [17].

6.5.3  Build Rapport and Trust

The primary technique that we recommend to build rapport and trust in adult 
patients is the use of structured formats to start a discussion on how the dental team 
and patient can work together to identify what steps can be taken to make the patient 
feel more comfortable during their dental treatment. Clinically we work with 
patients to write a “letter to the dentist” in which they outline techniques, which 

Level of anxiety
Presence of urgent treatment need

Low

ASSESSMENT

LEVEL OF
DENTAL ANXIETY

URGENT
TREATMENT NEED

POSSIBLE
APPROACHES

Moderate

No/Yes

Rapport building
Voice control
Distraction
Modelling
Memory

reconstruction
Environmental change

As for low
level plus

Provision of
preparatory
information

Cognitive
Behavioural

Therapy

Relative
analgesia
Conscious
sedation
General

anaesthesia

No/Yes YesNo

High

Fig. 6.1 The proportionate model of dental anxiety
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they feel could be helpful to them personally, for example: being able to listen to 
music, taking regular breaks, the use of an agreed stop signal, etc. Obviously, the 
clinical team and the patient need to agree on what is feasible and realistic. Both 
clinician and patient agree with the list.

For adolescents and young adults, recent research has successfully demonstrated 
the power of using pro forma communication tools to enhance children’s sense of 
being involved in decisions concerning their care. Porritt et al. [22] designed and 
tested an intervention designed to enable young people aged 10–16 to work with 
their dentist to devise a care plan for their anxiety. The benefits that accrued from 
the intervention were both immediate and maintained at 1-year follow-up [23].

6.5.4  Teach Coping Skills

Feelings of anxiety and fear are made worse by a number of thoughts and beliefs 
about the situation that the person is facing; for example, anxiety is worse if the 
person affected has a feeling of uncertainty about what is going to happen and if 
the person feels that they have little or no control over the situation. Anxiety also 
results in a shift in thought processes to an increased awareness of sights, sounds 
and sensations (hypervigilance), as well as a tendency to focus on the negative 
aspects of the dental situation. The techniques outlined below share the common 
approach of teaching the individual techniques to cope with their anxiety through 
learning more about what is going to happen, sharing the control over the situation 
with their clinician, decreasing vigilance and attending to the more positive aspects 
of dental care.

Attention shifting or distraction: Several types of distraction have been reported 
in the literature, including the use of video-taped cartoons, audio-taped stories and 
video games. Distraction techniques have been found to be as effective as 
relaxation- based techniques, and superior to no intervention. Recent advances in 
technology have also seen encouraging results with the use of virtual reality (VR) 
head-mounted display devices (HMD) used for distraction, which have demon-
strated encouraging reductions in anxiety and pain perceptions among children 
shown videos on virtual glasses [24] and among adults immersed in virtual envi-
ronments [25].

Uncertainty is anxiety-provoking, and can be reduced by providing preparatory 
information and by enhancing an individual’s sense of control over the situation. 
One widely used technique to do this is the “stop” signal which has been shown to 
be effective in dental settings and a wide variety of other medical settings [26]. The 
clinician and patient agree on a sign (usually the raising of a hand), which signals 
that the patient wishes the clinician to stop treatment for a period of time.

Providing information on what is likely to happen during a dental visit is a 
useful way of decreasing the uncertainty around the visit. Such information 
could be provided to the parent or carer to share in an age-appropriate manner. 
Methods of delivering preparatory information might include written informa-
tion, books or short videos. A systematic review of the effectiveness of 
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preparatory information [27] suggests that information on three aspects of the 
treatment are important:

• What will happen (procedural)
• What sensations the individual will experience (sensory)
• What the individual can do to cope with the situation (coping).

An example might be the giving of a local anaesthetic injection. Information can 
be given about the sensations the individual will experience—for example although 
there is no sensation in the injected area, the patient will still be able to feel vibra-
tion and pressure. Typically this takes 2–5 min to start and lasts up to 2 h. When the 
injection fades, the sensation is similar to “pins and needles” which the patient will 
have experienced. Video may provide an excellent way to provide such preparatory 
information, provided it follows the guidelines above and is approved by the clini-
cian as accurate and reflecting their own practice.

6.5.5  Reward Effort

Acknowledging the patient’s achievement in making progress towards dental treat-
ment in the face of their anxiety is an important way to reward the effort that they 
have made. Patients should be praised for specific behaviours that build towards 
achieving their goals in terms of dental anxiety: for example rather than praising a 
patient for “doing well”, the clinician should praise them for “completing the exam-
ination”. In general, for children, tangible rewards are more effective than intangi-
ble rewards though praise and attention should also be used together with tangible 
rewards. Research from our team [28] suggests that if given the choice of a reward, 
children tend to choose tangible rewards, and that parents are poor at predicting 
what rewards children might use. The use of rewards is appropriate across all age 
ranges, though the type of reward will vary.

6.6  Refer for Guidance of Severe Levels of Dental Phobia 
and Behaviour Guidance Problems

The use of Cognitive Behavioural Therapy for Dental Phobia has been shown to 
be highly effective in enabling patients to attend dental treatment in the long 
term without pharmacological interventions such as sedation or general anaes-
thesia [29]. Whilst pharmacological interventions enable urgent dental treat-
ment to be undertaken comfortably, they are only minimally effective in helping 
the individual to overcome their dental fear. CBT provides a framework for 
rehabilitating the individual’s dental fear and enabling them to attend dental 
treatment without sedation or general anaesthetic. Provision of CT for dental 
phobia is a specialised service, the details of which are beyond the scope of this 
article [29].
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6.7  Summary

Dental anxiety is a common and dental phobia, the most extreme form of dental 
fear, affects approximately 10% of the population. A further 36% of the population 
are moderately anxious about visiting the dentist and receiving dental practice. 
Furthermore, the degree of invasiveness of the dental treatment may lead to further 
anxiety. The impact of dental anxiety and phobia is marked, affecting health and 
wellbeing. The management of patients who are concerned about dental treatment 
should follow these principles: adopt a preventive and minimally invasive approach 
to caries management; create a warm and welcoming environment conducive to 
cooperation; build rapport and trust; teach coping skills; reward effort; refer for the 
guidance of severe levels of dental phobia and behaviour guidance problems.
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Medical Management of Dental Anxiety

Paul Coulthard

Learning Objectives

• To describe the current state of sedation practice.
• To discuss the recent publications and guidance in the United Kingdom.
• To describe the responsibility of the clinician in risk assessment and clinical 

decision-making rather than following prescriptive protocols.

Patients rightly expect that any pain and anxiety associated with their dental care is 
adequately managed. Undergraduate dental education recognises this expectation 
and practising clinicians are experienced in managing these aspects of care that are 
fundamental to the practice of dentistry. Sadly, the prevalence of dental anxiety has 
not reduced over recent decades and persists in developed societies. A recent tele-
phone survey of 12,000 individuals in England found that 17% did not attend regu-
lar dental care and that the main reason for non-attendance was anxiety [1]. Medical 
management of dental anxiety is therefore important to facilitate access to dental 
care as well as in supporting high-quality care.

Empathy is an essential characteristic required of any dental practitioner and 
selection procedures for undergraduate dental and other healthcare programmes 
now attempt to identify a caring attitude. So is “medical management” of dental 
anxiety necessary? Patients present with a huge range of issues beyond their par-
ticular “dental” needs [2]. Whole patient care is normal and includes identifying not 
only the relevant general health history but also the individual psychosocial com-
plexities including anxiety for dental care. The patient may volunteer their anxiety 
or may not. The role of the dental practitioner is to identify all issues, including 
anxiety, that may be relevant to how oral care is to be delivered and to plan treatment 
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accordingly. The majority of patients need no special adjustment to their treatment 
delivery and dental team empathy is all that is required. For many patients, “tell, 
show and do” behavioural management is sufficient and effective in alleviating 
anxiety. Dentists and their team members become proficient in providing patients 
with a greater sense of control during treatment if required, as well as distraction, 
and use of non-threatening language as appropriate.

For some patients, empathy and behavioural management techniques are not suf-
ficient to alleviate their anxiety, and medical or drug management is necessary to 
avoid distress. For some patients, cognitive behavioural therapy (CBT) may be 
appropriate. Fortunately, we have drugs available that are effective in reducing den-
tal anxiety and that have demonstrated an excellent safety record over many decades. 
The definition of UK conscious sedation has not changed for many years and is 
useful in describing the purpose, patient benefit and safety: “A technique in which 
the use of a drug or drugs produces a state of depression of the central nervous sys-
tem enabling treatment to be carried out, but during which verbal contact is main-
tained throughout the period of sedation. The drugs and techniques used to provide 
conscious sedation should carry a margin of safety wide enough to render loss of 
consciousness unlikely. The level of consciousness must be such that the patient 
remains conscious, retains protective reflexes, and is able to understand and respond 
to verbal commands” [3].

7.1  Risks and Benefits of Guidance and Regulations

An important duty for the dental practitioner is to make an appropriate assessment 
to determine whether a patient will be adequately managed for their dental treat-
ment with empathy and behavioural management strategies alone or will require 
medical management with conscious sedation [4]. A patient experiencing distress 
will seek care with another dental practitioner or avoid future care completely and 
develop a phobia, that is, an exaggerated level of anxiety relating to future den-
tal care.

The need for the management of dental anxiety with drugs is not new and numer-
ous techniques have been developed over the past 100 years or more. This area of 
dental practice has been subject to a disproportionate number of guidelines and 
regulations. Conscious sedation practice within the NHS has also been significantly 
influenced by changes to payment systems over the years. Patients have not always 
been best served as a consequence and access to sedation services via the NHS has 
been more limited over the past decade.

The publication in 2015 of Standards for Conscious Sedation in the Provision of 
Dental Care: Report of the Intercollegiate Advisory Committee for Sedation in 
Dentistry (IACSD) [3] provided a much-needed update on clinical practice guide-
lines, but unfortunately resulted in the unintended consequence of reducing patient 
access to conscious sedation services, with some dentists abandoning their provi-
sion of sedation techniques, believing that they did not satisfy the new training 
requirements. In fact, the training requirements proposed were only for dentists 
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seeking to start offering sedation techniques and not for those already offering these 
techniques—but there was considerable misunderstanding and confusion.

A subsequent publication in 2017, Conscious Sedation in Dentistry—Dental 
Clinical Guidance by the Scottish Dental Clinical Effectiveness Programme 
(SDCEP) referenced the 2015 Standards publication and offered clarity to clinicians 
around practice [5]. The 2017 publication also emphasised the quality, good and 
poor, of the research evidence supporting recommended practice. SDCEP used rig-
orous methodology for the development of recommendations following the GRADE 
(grading of recommendations, assessment, development and evaluation) approach 
(www.gradeworkinggroup.org). Key recommendations were developed through 
considered judgments made by the working group based on previous guidelines but 
updated as appropriate in the light of the available evidence, whilst taking into 
account clinical experience, expert opinion and patient and practitioner perspec-
tives. This 2017 guidance went someway to encourage a reversal in the decline in 
sedation services.

The 2015 Standards document offers detailed guidance of the appropriate levels 
of training required according to the technique and patient age (Sect. 5 and Appendix 
1) [3]. Transitional arrangements were described for experienced dentists, sedation-
ists and dental nurses for whom re-training and/or additional qualifications are not 
necessary. Clinicians are required to maintain a logbook of clinical cases; undertake 
validated relevant continuing professional development; audit; have skills to man-
age adverse events; meet the described requirements for the environment and ensure 
appropriate clinical governance is in place. The training recommendations apply to 
doctors, dental hygienists, dental therapists and dental nurses in addition to dentists.

For “new starters” in conscious sedation provision, training should be obtained 
through an accredited provider on a list held by the Sedation Training Accreditation 
Committee (STAC) of the Faculty of Dental Surgery of the Royal College of 
Surgeons of England [3].

7.2  Children and Young People

The vast majority of sedation for dental care is offered as nitrous oxide with oxygen 
by inhalation or with the benzodiazepine, midazolam, administered intravenously. 
Both techniques titrate the drug dose against the patient response and have been 
widely and safely used for many years [6]. Other drugs and techniques are also used 
and may be appropriate in special circumstances. Intranasal midazolam, for exam-
ple, is used for patients with special needs. This more unusual route of administra-
tion has become acceptable because of its demonstrated effectiveness and safety. 
Increasing commitment to maintaining optimal patient safety on conscious sedation 
use in dentistry leads to the production of guidance with training recommendations 
for those using mainstay standard techniques and for those dentists or doctors using 
“advanced” or “alternative” sedation techniques. The most recent publication in 
England was published in 2017 and specifically described a “service standard” for 
conscious sedation in the primary care setting [7]. This had important implications 
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for practice in limiting sedation techniques for patients aged under 16 years. The 
“service standard” was written to support commissioners of services in England and 
reflected safety concerns about the use of multi-drug sedation techniques in the 
young patient population. It stated that for new service procurements multi-drug 
sedation would no longer be funded in the NHS for patients under 16 years of age.

7.3  Who Needs Medical Management of Anxiety and Who 
Doesn’t?

Traditionally, dental and medical treatment options have been offered to patients 
according to the clinician’s individual knowledge and experience, and any special 
interest or not, in a particular area of practice. This was the case for conscious seda-
tion in dentistry. There was a wide range of recommended treatment options for care 
for patients according to the clinician seen. Whilst it is accepted that there is often 
more than one way to manage a patient’s needs, it became clear that some patients 
were being denied access to conscious sedation services that they needed whilst 
others were receiving such management that they did not need. In the latter situa-
tion, it was thought that sedation services had become “demand-lead” rather than 
decision-making is based on actual patient “need” [8]. This was the same situation 
as had been observed in the past with general anaesthesia services in the United 
Kingdom. The particular concern was, however, that many patients may not have 
been offered sedation when they needed it because of restrictions as described above 
in addition to clinician decision-making bias. This might go some way to explaining 
why the prevalence of dental anxiety had not reduced in England over time.

The author, with others, set about developing a tool to challenge clinician 
decision- making in the hope of improving the quality of the decision for the patient. 
The indicator of sedation need (IOSN) tool was developed and first published in 
2011 [9]. The tool simply described the well-accepted indications for sedation of a 
patient’s anxiety, medical and behavioural status and treatment complexity, but pro-
vided more objectivity with numeric scoring. The “anxiety measure” part of the tool 
is to be completed by the patient and not the clinician, to add to the objectivity. The 
IOSN was intended to support and challenge individual clinical decision-making, 
with particular benefit in the training and education situation.

The NHS in the United Kingdom and other health care systems internationally 
were starting to expect more objective clinical decision-making, more equitable 
access to patient services, and greater consideration of cost-effectiveness. The 
development of the IOSN was timely. In addition to supporting individual patient 
decision-making, the tool could also be used to look at whole populations. It was 
found that 5.1% of patients regularly attending general dental practices in England 
had a high need for conscious sedation. When including those who don’t attend 
regularly, then the likely conscious sedation need was found to be 6.7% of the popu-
lation [10] This is very helpful for commissioners and service development to pro-
vide an idea of the likely requirements. For more invasive treatment than general 
dental care, such as oral surgery, the need will of course be much higher.
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It should be noted that both the IOSN tool and the modified dental anxiety scale 
that is incorporated, have been tested on adult populations only and is currently only 
suitable for decision-making in patients aged 16 years or over [11].

7.4  Current Clinical Controversies

The practice of conscious sedation may appear to have changed little as described 
by the recent relevant publications, but actually, the way in which various issues are 
to be addressed has changed significantly. Rather than a textbook “cookbook” 
description detailing the methodology of the technique, the responsibility is for the 
clinician to risk assess and make informed clinical decisions about sedation meth-
odology. This is a more appropriate way to manage individual patients and tailor the 
technique. This approach requires clinicians to use their knowledge and experience 
to determine the best management strategy for a particular patient rather than default 
to a prescribed protocol. This more flexible approach is new and supports intelligent 
freedom for clinicians making decisions.

Patients have traditionally not been required by UK dental practitioners to 
starve from food or fluids prior to dental sedation whilst the same patient would 
be required to starve as per general anaesthesia if the sedation has been provided 
by an anaesthetist. This area was therefore seen to be controversial. Current advice 
is to assess the risk for the individual patient when making a recommendation 
around this preoperative preparation. Typically, most patients will not be required 
by their dental practitioner to starve, but there may be an occasion when fasting is 
appropriate and a generic no-starvation policy is not in the safety interests of 
every patient. This more flexible and pragmatic approach reflects a new way of 
practising. In this era of evidence-based practice, it is good to recognise what is 
known and what is not and be honest about this. Airway reflexes are maintained 
during minimal and moderate sedation but lost during anaesthesia. The point at 
which the reflex is lost is clear. Deep sedation is expected to require the same level 
of care as general anaesthesia and is not practised by dentists in the United 
Kingdom as it is in some other parts of the world. If starvation is required then the 
2-4-6 rule is appropriate (2 h for clear fluids, 4 h for breast milk and 6 h for sol-
ids) [3, 5].

Some were concerned that monitoring recommendations had changed unneces-
sarily with the Standards publication, and in particular the requirement to measure 
blood pressure during the sedation. It was clear that for inhalation sedation with 
nitrous oxide and oxygen, clinical monitoring would be adequate. However, there 
was now an expectation to measure blood pressure during intravenous sedation. 
Previously blood pressure had been measured at the assessment visit and would 
have only been measured during the sedation if the patient was noted to have an 
elevated or particularly low blood pressure. This was based on the reasoning that 
midazolam does not adversely affect the cardiovascular system when a patient has 
normal blood pressure. It is not however unreasonable to measure blood pressure in 
all patients “at appropriate intervals during the procedure and post-operatively” [3, 
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5]. The time points will depend on the patient’s risk and be determined by the seda-
tionist’s clinical judgment as described above.

7.5  Sedation Techniques

There has been a developing view that the most “straightforward” conscious seda-
tion technique likely to be effective in enabling good quality dental care provider is 
usually the best first choice. Complicated techniques may be no more effective and 
associated with an increased risk of harm. This view was clearly articulated in the 
2017 publication, Commissioning Dental Services—Conscious Sedation in a 
Primary Care Setting. NHS England, and concluded that, for new procurements, the 
only sedation technique that would be funded for children in England would be 
inhalation sedation using nitrous oxide and oxygen [7]. Such a decision is likely to 
have had little impact on the majority of service provision in England as more 
advanced techniques in children and young people have been offered by only a few 
providers.

The same publication also made clear that when tendering for new sedation ser-
vices, it will be incumbent on the commissioners to ensure that they have appropri-
ate clinical advice and support to advise on the clinical aspects of any bid. A 
commitment to clinical involvement is valued and important.

Advanced sedation techniques are defined as those for a child, young person or 
adult, using multiple drugs and/or anaesthetic drugs (opioid plus midazolam, ket-
amine, propofol, midazolam plus propofol), sevoflurane, or sevoflurane plus nitrous 
oxide/oxygen inhalation. When midazolam alone is used for a child then this is also 
described as an advanced technique [3].

7.6  Patient Pathways and Commissioning

A further recent change in the provision of conscious sedation is the development of 
“patient pathways”. This is very much a UK innovation and has been driven by the 
requirement for NHS cost-effectiveness but also to develop consistent care across 
England with enhanced quality. The first “patient journey” was described in the 
Guide for Commissioning Oral Surgery and Oral Medicine published by NHS 
England in 2015. Some parts of England have moved towards incorporating elec-
tronic referral management systems to facilitate specialist referral from the general 
dental practitioner to dental specialist services such as oral surgery.

As this has happened some areas have also incorporated the IOSN into the refer-
ral system. This is not necessarily essential and can actually lead to a “tick-box” 
mentality rather than a more thoughtful use of the tool. However, it can encourage 
more equitable decision-making for patients and be a helpful justification for the 
need for conscious sedation for dental care.
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Referral systems can also be useful in encouraging the development of minimum 
datasets for information to make the best referral decisions for the patient and also 
to encourage dental clinicians who do not offer sedation techniques themselves to 
consider referral, and so not deny their patient this aspect of clinical care. A mini-
mum dataset is likely to include some or all of the following items which are some 
of those recommended for recording the pre-sedation assessment by the SDCEP 
document as described in Table 7.1.

The document Commissioning Dental Services: Service Standards for Conscious 
Sedation in a Primary Care Setting explains that when tendering for new sedation 
services, it will be incumbent on the commissioners to ensure that they have appro-
priate clinical advice and support to advise on the clinical aspects of any bid. This 
advice should be from a clinical colleague who is an experienced sedationist. The 
document describes the minimum service specification that any new sedation pro-
vider must comply with and includes suggested patient-reported outcome measures 
(PROMs) and patient-reported experience measures (PREMs) as in Table 7.2. The 
publication like many contemporary service documents emphasises the importance 
of understanding the population need rather than demand and refers to the IOSN in 
providing evidence for this. The premise of the IOSN is that the patients’ general 
health, behaviour and treatment complexity are taken into account alongside dental 
anxiety. This is the latest in a long list of conscious sedation publications and is a 
helpful service standard to support commissioners in the implementation and moni-
toring of contemporaneous conscious sedation practice in England but is likely to be 
looked at more widely.

It would be helpful if the use of conscious sedation was better understood but this 
is difficult as it is provided on a private basis as well as within NHS. There is also a 
current lack of consistency in the secondary care hospital system with the coding of 
procedures and use of conscious sedation, with different interpretations of outpa-
tient attendance by some trusts and day-case procedures by others.

Table 7.1 Minimum dataset recommended for recording the pre-sedation assessment

Scottish Dental Clinical Effectiveness Programme (SDCEP), Conscious Sedation in 
Dentistry—Dental Clinical Guidance Third Edition 2017
•  A fully recorded medical history (including prescribed and non-prescribed drugs and any 

known allergies)
• ASA status
• A dental history
• A social history
• Any relevant conscious sedation and general anaesthetic history
• The dental treatment plan proposed
• Assessment of anxiety or sedation need and any tools used
• Any individual patient requirements
•  Provider must not accept patients which have self-referred or who have been referred 

outside of the agreed local referral management processes
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7.7  Summary

Conscious sedation is an essential requirement for some patients to enable dental 
treatment to be undertaken. Selecting the appropriate patients is key to good clinical 
practice and dependant on clinical training and enhanced by experience. The IOSN 
is useful in training but also in population needs assessment to provide evidence of 
sedation service requirements. Clinical guidance has been recently updated with a 
number of publications providing detailed and helpful information on all aspects of 
conscious sedation practice. Clinical decision-making should be without bias and 
clinical practice should be evidence-based. This means that clinical judgment is 
required to risk assessment for individual patients to determine their best and safest 
care, such as the advice they are given as to whether or not they should be starved 
from food and fluids as part of their preoperative preparation for a sedation 
technique.

Paul Coulthard was Chair of the working group that published, NHS Commissioning Dental 
Services—Conscious Sedation in a Primary Care Setting for NHS England, and a member of the 
working group publishing Conscious Sedation in Dentistry—Dental Clinical Guidance, Third 
Edition for the Scottish Dental Clinical Effectiveness Programme (SDCEP).
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Perioperative Surgical Pain Management

Nadine Khawaja

Learning Objectives

• To describe the mechanisms underlying the pain experience.
• To understand the impact of perioperative pain and associated barriers.
• To discuss prescribing analgesics.
• To understand contraindication to analgesic prescribing and side effects.

Pain during and following surgery continues to be under-managed [1]. The 
International Association for the Study of Pain (IASP) defines post-surgical pain as 
a “compilation of several unpleasant sensory, emotional and mental experiences, 
associated with autonomic, endocrine-metabolic, physiological and behavioural 
responses”. The continued under-management of postsurgical pain worldwide led 
IASP to assign 2017 as the Global Year Against Pain After Surgery [2].

8.1  Acute Pain Mechanisms

In 2011, IASP defined acute pain as “an awareness of noxious signaling from 
recently damaged tissue, complicated by sensitisation in the periphery and within 
the central nervous system”. Following surgical tissue damage, multiple inflamma-
tory mediators are released by the damaged tissue, inflammatory cells and nerves.

This “inflammatory soup” of chemical mediators (including cytokines, pros-
tanoids (prostaglandin)), initiates the sensitisation of high-threshold nociceptors, 
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resulting in peripheral sensitisation [3]. This sensitisation forms an area of “primary 
hyperalgesia” immediately surrounding the injured area, which has a heightened 
response to mechanical and thermal stimuli (hyperalgesia, allodynia) [4]. There are 
also changes in the central processing of sensory information in the spinal cord and 
brain through central sensitisation and synaptic plasticity, increasing pain intensity 
[5]. This results in “secondary hyperalgesia” of the uninjured area of tissue that sur-
rounds the region of primary hyperalgesia in the surgical site [3, 6].

Pain is often described as a biopsychosocial phenomenon; a multidimensional, 
subjective experience influenced by biological, psychological and social factors and 
not simply the amount of nociceptive input [7]. The emotional and cognitive compo-
nents of pain are frequently as important as the afferent sensory input in determining 
the overall pain experience. Patients attending the dentist will experience an element 
of anxiety and expectation of pain, further complicating effective pain management.

There are several effective analgesics available over the counter to treat dental 
pain [8], however, several barriers prevent effective pain management (see 
Table 8.1). Changing patient and clinician attitudes to pain and analgesics through 
education is integral to the delivery of optimum dental care. In the primary care set-
ting, patients may be prescribed analgesics, given analgesics (e.g. a pack of ibupro-
fen) or advised which analgesics to purchase.

Uncontrolled post-surgical pain causes unnecessary suffering for patients, 
impacting their healing, sleep, anxiety levels, stress response, attendance at work 
and risk of transition to chronic pain (Table 8.2) [9]. Pain and anxiety are inextrica-
bly linked. Modern-day analgesic regimens using multi-model analgesia can help 
reduce the negative effects of under-treated acute postsurgical pain, its sequelae and 
associated NHS costs [9].

8.2  Over-the-Counter Analgesics: Are They Good Enough?

The decision of which analgesics to prescribe is based on anticipated pain levels, 
analgesic efficacy and medical considerations (contraindications/tolerance/aller-
gies/drug interactions), which will be discussed subsequently.

Local anaesthesia provides excellent intraoperative pain control and is discussed 
in another article in this issue.

Table 8.1 Barriers to effective pain management

Clinician perception
• Normal result of surgery, which will resolve
• Patient’s responsibility to manage
• Lack of pain protocols
• Fear of prescribing: side effects, drug interaction
Patient perception
• Normal result of surgery, which will resolve
• Stoic, not wanting to appear “fussy”/weak
• Lack of education about over-the-counter analgesics
• Fear of side effects, drug interaction, addiction
• Compliance
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8.3  Pain Levels

Dental extractions and endodontic treatment can result in considerable postopera-
tive pain [10]. Pain following lower third molar surgery removal has been reported 
to range from mild to severe [10, 11]. Post-endodontic pain has been reported to 
present in up to 47.3% of cases following root canal treatment (RCT) [12]. Moreover, 
it has been estimated that up to 10% of patients experience persistent tooth pain 
(over 6 months) after RCT [13, 14].

The presence/intensity of post-operative pain is dependent on several variables, 
including the presence and duration of pre-operative pain [12, 14–16], highlighting 
peripheral as well as central sensitisation during the acute pain experience. Hence, 
optimising analgesic interventions both before and after surgical interventions is 
important to reduce the risk of developing chronic pain.

Endodontic pain (irreversible pulpitis, acute apical periodontitis) has been 
reported to represent over 60% of all emergency dental visits [17, 18], requiring 
either endodontic treatment or extraction. It is suggested, therefore, that pain man-
agement for these patients is more aggressive than for patients who are booked in 
for elective treatment (and less likely to present with ongoing pain).

8.4  Analgesic Efficacy

Clinical pain reduction following third molar surgery has been reported to be suc-
cessful if there is a relative reduction in pain >50% or absolute pain reduction of 
>2.5 cm on the visual analogue scale (pain intensity scale ranging from 0 = no pain 
to 10 = worst pain imaginable) [19].

Analgesic league tables have been used by medical and dental professionals 
worldwide as a guide to the relative efficacy of analgesics [20], as seen in Table 8.3. 
The table uses calculations of the number needed to treat (NNT) (the number of 
patients that need to be treated with the analgesic for one to benefit compared with 

Table 8.2 Sequelae of under-managed pain

Clinical perspective
• Delayed wound healing
• Increased risk of maintaining or transitioning to chronic pain
• Sustained hyperadrenergic stress response with hypertension
Patient perspective
• Suffering, loss of sleep, fear, anxiety
• Increased time off work
• Prolonged recovery of normal function and lifestyle, reducing the quality of life
• Reduced quality of life during recovery
Administrative perspective
• Increased frequency of follow-up appointments or length of stay in the hospital
• Higher complication rates and associated costs
• Increased risk of chronic pain development with consequent health care costs
• The implication that poor pain control means poor quality of surgery/care

Adapted from the 2017 IASP Global Year Against Pain After Surgery [32]
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Analgesic and dose (mg)

Ibuprofen + paracetamol 400+1000
Ibuprofen + paracetamol 200+500
Etoricoxib 120
Paracetamol + oxycodone 800/1000+10

The number of
patients who
need to receive
the analgesic for
one to achieve at
least 50% relief
of pain compared
with a placebo
over a 6-h
treatment period.
The more effective
the analgesic, the
lower the NNT

Single dose
analgesics for
moderate to severe
acute pain: NNT*
for at least 50%
maximum pain
relief over four to
six hours

*NNT (number
needed to treat).
The number of
patients needed
to be treated for
one to benefit
compared with a
control. A treatment
that works for
everyone, and
where no patient
has a response with
control would have
a NNT of 1. The
higher the NNT,
the less effective
the treatment.
Treatments with
NNTs of 2-5 are
considered effective
for acute pain

Diclofenac potassium 100
Ketoprofen 25
Diclofenac potassium 50
Diflunisa 1000
Ibuprofen + caffeine 200+100
Ibuprofen fast acting 200
Ibuprofen fast acting 400

Ibuprofen + codeine 400+26/60
Paracetamol + codeine 800/1000+60
Dipyrone 500
Ibuprofen + oxycodone 400+5
Diclofenac fast acting 50
Diclofenac potassium 25
Ibuprofen + caffeine 100+100
Ketoprofen 12.5
Flurbiprofen 100
Ibuprofen acid 400
Diflunisal 500
Flurbiprofen 50
Naproxen 500/550
Paracetamol + oxycodone 600/650+10
Aspirin 1200
Ibuprofen acid 600

Ibuprofen acid 200
Dexketoprofen 20/25
Flurbiprofen 25
Ketoprofen 50
Paracetamol 500
Dexketoprofen 10/12.5
Paracetamol 975/1000
Paracetamol +codeine 600/650+60
Aspirin 1000
Aspirin 600/650
Ibuprofen acid 100
Paracetamol + dextropropoxyphene 600+65
Tramadol 100
Paracetamol 600/650
Etodolac 100

1 2 4 6 8

Naproxen 400/440
Piroxicam 20
MORPHINE 10 IM
Etodolac 400

Ketoprofen 100

NNT for at least 50% pain relief (95% Cl)

Table 8.3 Oxford league table of analgesic efficacy [20]
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a control (placebo)), [21], to rank analgesics by efficacy. The surgical removal of 
mandibular third molars is the most common acute pain model used in trials to cal-
culate the NNT. It may, therefore, be said that the table is particularly relevant for 
the management of dental pain.

The World Health Organization (WHO) analgesic ladder, for the management of 
differing pain severity, was introduced by the WHO in 1986 to assist analgesic pre-
scribing for cancer patients [22] (Fig. 8.1).

Its use is still highly relevant today, being used for the management of acute and 
chronic pain. It makes five main recommendations:

• The combination of non-opioid analgesics (paracetamol and nonsteroidal anti- 
inflammatory drugs (NSAIDs)) is the backbone of pain management with the 
introduction of mild opioid analgesia and then stronger opioids only if the pain 
worsens [22]. This principle of multimodal analgesia highlights that the gold 
standard of pain management is by combinations of drugs, thereby maximising 
analgesic efficacy at lower doses and minimising side effects.

• Regular administration of analgesics (every 4–6 h) rather than “on-demand”.
• Oral administration of analgesics, if possible.
• The dosage of analgesic tailored to the individual.
• Provision of detailed patient information on how to take the drug, including dos-

age and intervals.
• Regular reassessment of pain levels.

8.5  Non-opioid Analgesia

Paracetamol and ibuprofen are the most commonly used analgesics in acute pain 
management [23, 24]. Systematic reviews have demonstrated that ibuprofen (ibu-
profen 400 mg NNT = 2.5) and paracetamol (paracetamol 1 g NNT = 3.8) are both 

SEVERE PAIN

MODERATE PAIN

MILD PAIN

Opioid for moderate to severe pain (e.g. morphine/ fentanyl)
+/- Non-opioid analgesics

+ /- adjuvant

Opioid for mild to moderate pain (e.g. codeine/ tramadol)
+/- Non-opioid analgesics

+/- adjuvant

Non-opioid analgesics
+/- adjuvant

Fig. 8.1 World Health Organization analgesic pain ladder [22]
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effective analgesics following third molar surgery [25, 26] and post-endodontic pain 
[27–29]. Whilst ibuprofen has been shown to be a superior analgesic to paracetamol 
[30], combinations of both drugs have been shown to be more effective than either 
drug alone in the management of post-endodontic acute pain and following the 
removal of lower wisdom teeth [24, 27, 31].

NSAIDs reversibly inhibit cyclooxygenase-1 (COX-1) and cyclooxygenase-2 
(COX-2) isoenzymes and, hence, prostaglandin synthesis via the arachidonic acid 
cascade (see Fig. 8.2) [29]. This reduction in PG, decreases inflammation, nocicep-
tion and pyrexia. By decreasing inflammation, there will also be less peripheral and 
central sensitisation and hence, the peripheral and central nervous system will 
respond less to noxious stimuli.

Ibuprofen is the most commonly used NSAID in the management of inflamma-
tory dental pain [34]. It has been shown to have a ceiling effect of 400 mg/dose, that 
is, doses above this are not likely to have any analgesic advantage (but may have 
increased anti-inflammatory effects) [35, 36]. NSAIDs are broadly classified as 
non-selective cyclooxygenase (COX) 1, 2 enzyme inhibitors (ibuprofen, diclofenac, 
aspirin) or selective COX-2 enzyme inhibitors (celecoxib, rofecoxib).

Dental pain studies have shown a strong relationship between speed of onset of 
pain relief and overall pain experience (maximum total pain relief) up to 6 h post- 
administration [37]. New fast-acting formulations of ibuprofen, using salts of ibu-
profen (lysinate, arginine and sodium salts), have been introduced onto the market 
and show improvements in the onset of analgesia and efficacy [37]. These salts have 
increased water solubility and, hence, absorption of the drug. Ibuprofen salts are 
reported to have a Tmax (time to peak plasma concentration) before 40 min of being 

Inhibited by steroids

Inhibited by NSAIDs

ARACHIDONIC ACID + LYSOPHOSPHOLIPIDS

PHOSPHOLIPIDS

Phospholipase A2

Cyclooxygenase

Peroxidase

PGF2a reductase

PGG2

PGH2

PGG2 = prostaglandin G2
PGH2 = prostaglandin H2
PGF2 = prostaglandin F2
TXA2 = thromboxane
PGE2 = prostaglandin E2
PGI2 = prostacyclin

PGI2

TXA2

PGE2

PGF2a

TXA2 synthetase

PGl2
synthetase

PGE2
synthetase

Fig. 8.2 Schematic of arachidonic acid metabolism. (Taken from Anderson [33])

N. Khawaja



95

administered (p < 0.0001) compared to standard ibuprofen formulations, which is 
commonly 90 min post-administration. As the level of pain intensity is proportional 
to the measured serum concentration of the drug [36], this faster absorption results 
in quicker initial pain reduction [37].

Rapid-acting analgesia has been shown to be associated with improved overall 
pain relief and reduced need for analgesic re-medication [37]. Importantly, the 
improved analgesic performance of ibuprofen salts does not also appear to produce 
higher rates of adverse events. In fact, dental pain studies have shown 200 mg of 
fast-acting ibuprofen (NNT = 2.1; 95% CI 1.9–2.4) to be as effective or better than 
400 mg standard ibuprofen (NNT = 2.4; 95% CI 2.2–2.5), with a faster onset of 
analgesia [37]. Therefore, if lower effective doses of ibuprofen salts may be used, 
there is likely to be fewer adverse events. These ibuprofen salts are now commonly 
available over the counter and so it is suggested that they are considered as recom-
mended dental pain relief to patients.

In the treatment of acute postoperative dental pain (uncomplicated oral surgery 
and endodontic procedures), ibuprofen is commonly only used for a short duration 
and, therefore, has reduced risks of adverse events compared to its use in the treat-
ment of chronic inflammatory pain conditions, for example, arthritis [29]. The side 
effects of NSAIDs increase with a daily dose, duration of use and age (>70 years) 
[29]. As prostaglandins also maintain gastric protection, gastrointestinal injury is a 
common side effect of NSAIDs and includes gastritis, peptic ulceration, perfora-
tions and bleeding [38] (see Fig. 8.2). As a result, NSAIDs are contraindicated in 
patients with a history of gastrointestinal conditions including; chronic gastro-
esophageal reflux, peptic ulceration and gastrointestinal erosions. Moreover, reduc-
tion of thromboxane A2, through inhibition of COX-1, affects platelet aggregation 
and, therefore, contraindicates NSAID use in patients on anticoagulant therapy or 
with bleeding disorders. NSAIDs are also contraindicated in patients with renal 
impairment, patients at risk of arterial thrombotic event or patients with cardiac 
failure as renal prostaglandins and prostacyclin (needed in vasodilatation) are also 
synthesised by COX enzymes [38]. Recent studies have shown that the use of non- 
selective NSAIDs diclofenac and ibuprofen carry significant cardiovascular health 
risks compared with naproxen, COX-2 selective NSAIDs, paracetamol or placebo 
[39, 40]. Paracetamol may be used as a safe alternative in at-risk patients, as well for 
asthmatic patients who are sensitive to NSAIDs [41, 42].

COX-2 selective nonsteroidal anti-inflammatory drugs (NSAIDs) (coxibs) have a 
similar analgesic efficacy to nonselective NSAIDs, with reduced associated side 
effects [43]. Coxibs have been shown to have fewer gastrointestinal [44], bleeding 
[45] and respiratory complications [46]. Whilst concerns about cardiovascular adverse 
events of coxibs were identified with the use of rofecoxib (leading to its withdrawal in 
2004) [47] celecoxib, which has been shown to be effective in postoperative pain fol-
lowing oral surgery [48, 49], has been shown to be as safe as ibuprofen or naproxen [50].

Paracetamol is a safe drug that continues to be widely used as a single agent or 
as part of combination drug therapy, e.g. with ibuprofen or codeine. Although the 
efficacy of paracetamol is well established, its mode of action is still poorly under-
stood [33]. There is growing evidence that paracetamol has both central and periph-
eral mechanisms of action [51, 52].
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8.6  Muiti-modal Analagesia

Paracetamol should be used in combination with NSAIDs, when possible, as they 
provide greater analgesia than when used alone, decreasing the effective dose and, 
hence, possible associated adverse effects [43]. This synergistic analgesic effect is 
attributed to different sites of action of the two analgesics [36]. It is suggested that 
adjusting the analgesic regime when the patient’s pain decreases will help prevent 
potential side effects. For example, dose reduction of ibuprofen or taking paracetamol 
regularly and “topping up” with NSAIDs only when necessary.

Caffeine has also been reported to be an effective analgesic adjuvant. Ibuprofen/
caffeine 400/100 mg has been shown to be superior to ibuprofen 400 mg only, for 
treating moderate to severe dental pain after third molar extraction [53]. An average 
cup of coffee contains 90 mg of caffeine.

8.7  Opioid Analgesia?

Opioid analgesics, by binding to specific opioid receptors in the central nervous 
system (CNS), cause reduced pain perception but also the undesirable effects of 
drowsiness, gastrointestinal symptoms (nausea, vomiting, constipation), respiratory 
depression, tolerance and addiction. On this basis, opioids should not be the first 
choice for the management of mild to moderate acute dental pain. They should be 
used only in combination with single, non-opioid analgesics (e.g. ibuprofen or 
paracetamol) for the management of cases of severe dental pain that are unrespon-
sive to non-opioid multi-modal analgesia or where NSAIDs are contraindicated. In 
an attempt to manage the “opioid epidemic” in the United States of America, guid-
ance to general dental practitioners has been issued, including the need to risk assess 
patients and identify chronic opioid users [54]. Interestingly, a recent trial demon-
strated that codeine 60 mg did not improve postsurgical pain after third molar sur-
gery, when added to ibuprofen/paracetamol 400 mg/1 g combination [55].

8.8  Preventive Analgesia

Pre-emptive/preventive analgesia presents a relatively novel approach for improv-
ing dental pain control [56]. It is defined as an anti-nociceptive treatment that is 
administered preoperatively, reducing the physiological consequences of induced 
nociceptive transmission during and after surgery. It is primarily targeted at prevent-
ing peripheral and central sensitisation, to avoid/reduce the postoperative amplifica-
tion of the pain sensation, including persistent postoperative pain [57]. Local 
anaesthesia acts as a pre-emptive analgesic by preventing the afferent nociceptive 
signals and the onset of central sensitisation prior to and up to 3 h post-surgery.

Studies have shown that preoperative administration of ibuprofen can increase 
the success rate of inferior alveolar nerve blocks in patients with irreversible pul-
pitis [58, 59]. A recent study also demonstrated that preoperatively administered 
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intravenous (IV) ibuprofen reduced postoperative pain levels and rescue medica-
tion compared to preoperative IV paracetamol following lower third molar sur-
gery [60].

8.9  Prescribing Analgesia in Practice

Table 8.4 summarises important adjunctive management of acute postoperative den-
tal pain, which is often overlooked. Educating patients about pain control through 
effective communication, can improve compliance (regular analgesic administra-
tion at correct timings), guide expectations, increase the placebo and minimise the 
nocebo effect. Postoperative patient instruction leaflets, with information about the 
prescribed postoperative analgesic regime, are a useful strategy in optimising pain 
management in primary care.

8.10  Conclusion

Acute dental pain management is essential to the delivery of optimal dental care. A 
multi-modal approach, using non-opioid analgesics is the mainstay of effective 
acute dental pain management.
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Encourage placebo, limit nocebo
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Reduce anxiety and fear of the unknown
• Guide patient’s expectations
• Patient contact
   – Telephone review
   – Contact details 24/7
Improve compliance and awareness
• Written post-operative patient analgesic instructions
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Optimal Local Anaesthesia for Dentistry

Tara Renton

Learning Objectives

• To challenge the assumption that inferior dental blocks are the “go-to” local 
anaesthesia (LA) procedure for mandibular dentistry.

• To challenge current LA practice.
• To understand the importance of novel La agents and techniques to optimise pain 

management during surgery whilst minimising risks of complications.

9.1  What Is the Role of Local Anaesthesia in Managing 
Analgesia for Dental Patients?

Your patients want two main outcomes when they come to visit your practice: pain- 
free injections and painless procedures [1]. However, needles and tablets are small 
part of the holistic pain management in your dental patients [2]. The definition of 
pain is that it is “an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage” [3]. The 
brain overlays the pain sensation on the part of your body that’s getting hurt to pro-
tect it from harm. There are four types of pain [4]: two healthy and two pathological. 
Healthy protective pain includes firstly; nociceptive pain, which is the conversion of 
tissue injury and release of algogenic factors (intracellular cellular components 
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released due to cell damage) acting as “foreign bodies” exciting pain receptors on 
nociceptive nerve fibres (C, A delta and A beta fibres), causing transduction from 
chemical inflammation into an action potential and transmission the progression of 
an action potential advancing up to the tertiary order neurones to the somatosensory 
cortex; once reached the “ouch” is acknowledged resulting in the reflex withdrawal 
of the digit from danger. Inflammatory pain follows nociceptive pain if tissue dam-
age occurs promoting tissue healing. This process should usually resolve in days or 
weeks depending on the degrees of damage and persistent of infection.

Local anaesthesia blocks nociceptive pain very successfully, but, due to pain’s mul-
tiple components, increasing evidence supports that educating patients in expected 
pain levels, being caring, empathetic, providing appropriate anxiolysis, distraction and 
on occasions providing this alone, is not enough to manage perioperative pain. Some 
patients may be stoic types, able to cope with the anticipated and actual surgical dis-
comfort, whereas others may be more susceptible to lack of coping and catastrophis-
ing, needing a lot more attention. Holistic patient management is all important in pain 
management, including alternative techniques i.e. hypnosis and acupuncture.

The patients’ expectations are paramount and we know that all patients expect 
pain when visiting their dentist [5]. It is important to point out to your patient that 
you are not a magician but a surgeon and it is impossible to do complex surgery on 
patients without causing some minor discomfort intraoperatively and occasionally 
moderate pain postoperatively. Perioperative dental pain is not managed well in 
dentistry and is the most common adverse event reported by dentists [6, 7] and by 
patients [8]. Sixty percent of a representative sample of the general population aged 
15 years or older have reported pain at least once during a dental visit [9, 10].

Local anaesthetic injection plus analgesic tablets are not enough. Local anaesthe-
sia is only a small part of operative pain management [2]. Pain and its management 
are complex, as the individual’s pain experience is unique and based upon their 
gender, beliefs, religion, ethnicity, prior pain experience, psychological factors, 
nocebo and placebo effects, etc. [5] there are many psychological factors driving the 
response to acute pain related to surgery and in relation to the development of 
chronic postsurgical pain.

The key aspects for operative pain management include:

• Patient factors, including:
 – Managing the patients’ expectations and anxiety. Education about pre and 

postoperative events with clear and frank two-stage consent allowing the 
patient some control of their treatment decisions.

 – Appropriate anxiolysis (assessment and management) will elevate pain 
thresholds and improve pain management.

• Medical aspects, including:
 – Optimal local anaesthetic practise.
 – Appropriately prescribed analgesics.

• Surgical factors: Good surgical practice minimises pain for the patient, including 
minimal access technique.

• Post-op advice with accessibility for the patient contacting the practice and/or 
surgeon with clear postoperative advice on mouth care maintenance and analge-
sics use.

T. Renton
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9.2  How Do We Minimise Systemic Complications of Dental 
Local Anaesthesia?

Over one billion dental local anaesthetic injections are given annually worldwide 
(communication Malamed S FDI lecture 2017). The reported adverse reaction rate 
is 1:1,000,000 and the mortality (death) rate from dental local anaesthetic injections 
has been stated at 0.000002%. Allergies are very rare and can often be psychoso-
matic [11].

The definition of the term “adverse reaction” covers noxious and unintended 
effects resulting not only from the authorised use of a medicinal product at normal 
doses but also from medication errors and uses outside the terms of the marketing 
authorisation, including the misuse and abuse of the medicinal product. The range 
of pharmaceuticals used in dental practice is relatively small, consisting primarily 
of sedatives, local anaesthetics, analgesics and antibiotics. Adverse drug reactions 
are categorised as type A or type B.

• Type A: Reactions are more common and are generally attributable to known 
pharmacological or toxic effects of the drug.

• Type B: idiosyncratic, unpredictable, acute/sub-acute, not related to the known 
mechanism.

The most common adverse reactions to LA include:

• Vasovagal attack or faint. Nearly all patient-related collapses during dental LA 
are faints allergies. A study carried out at Dundee Dental School showed that of 
27 cases of “local anaesthetic allergies”, only one was caused by the anaesthetic 
injection (and this was a sulphite allergy, not a drug allergy) [12]. This can be 
overcome by good chairside manner and observation of the patient. If a pro-
longed procedure is anticipated the patient should have eaten prior to the proce-
dure or be provided with a glucose drink. Any patient who is anxious must be 
provided with suitable anxiolysis.

• Allergy to local anaesthetic agents. This is very rare and usually related to 
adjunctive agents including a bung (latex) [13], the preservative (sodium metabi-
sulphites), antiseptic, vasoconstrictor or, very rarely, the local anaesthetic agent. 
Most LA agents are now latex-free. Esters are highly allergenic and there are no 
documented allergy to amides. The patient is more likely to be allergic to bisul-
phate preservatives (needed for vasoconstricture). The least allergenic LAs are 
mepivacaine or plain prilocaine. Allergy is not dose-dependent, unlike toxicity 
[14]. The signs of allergy include breathlessness, disorientation and distress, urti-
caria hypotension and collapse. Immediate action is required including: call for 
help, 1:1000 units’ epinephrine IM and provision of oxygen.

• Adverse effects usually caused by high-plasma concentration of LA drug result-
ing from:
 – Inadvertent intravascular injection related to block injections.
 – Excessive dose or rate of injection.
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Table 9.1 Adverse effects

Adverse effects are usually caused by high plasma concentration of either local anaesthesia 
(LA) drug or adjunctive content resulting from
• Delayed absorption of LA
• Reduction of the systemic plasma levels of the LA
• Prolongation of the duration of action of the LA
• Reinforcement of the intensity of the LA’s effects—not dependent on the concentration
• Reduction of local blood perfusion

Table 9.2 Maximum doses of local anaesthetic agents

Drug Max dose (mg/kg) 1/10th cartridge (mg)
2% lidocaine 4.4 3.6–4.4
2% mepivacaine 4.4 4.0
3% mepivacaine 4.4 6.0
3% prilocaine 6.0 6.6
4% prilocaine 6.0 8.0
4% articaine 7.0 6.8–8.0

 – Medically compromised patients.
• Delayed drug clearance.
• Drug interactions (Table 9.1).

Adverse events happen in relation to the concentration and dose of 
LA. Intravascular injections are more likely to occur with block than with intraosse-
ous and periodontal injections. Minimising risk of overdose includes avoiding:

• All four-quadrant treatments (staged treatment for elderly patients).
• Plain La (no vasoconstrictor).
• Full cartridge injections (should commonwealth move to 1.7 mL cartridges?)
• Exceeding maximum recommended dose (see Table 9.2).

Young and elderly patients must be suitably assessed for their weight. A child of 
5 years weighs 18–20 kg; therefore, the maximum dose is 88 mg (2 × 2.2 mL lido-
caine cartridges). Due to their size, children are at high risk of toxicity. Goodson and 
Moore have documented catastrophic consequences of this drug interaction in pae-
diatric patients receiving procedural sedation, along with excessive dosages of local 
anesthetics [15].

Medical issues: (see Table 9.3) any health aspects that include metabolising or 
excreting. The main medical risks are:

• Patients with cardiovascular diseases
• Patients with endocrine diseases
• Patients with CNs disorders
• Patients with lung diseases
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Table 9.3 Lidocaine toxicity

At serum levels patients may complain of
• 1–5 μg/mL
   – Tinnitus
   – Lightheadedness
   – Circumoral numbness
   – Diplopia
   – Metallic taste
   – May complain of nausea and/or vomiting, or they may become more talkative
• 5–8 μg/mL
   – Nystagmus, slurred speech, localized muscle twitching or fine tremors may be noticed. 

Patients also have been noted to have hallucinations at these levels
• 8–12 μg/mL
   – Focal seizure activity occurs; this can progress to generalised tonic–clonic seizures. 

Respiratory depression occurs at extremely high blood levels (20–25 μg/mL) and can 
progress to coma

Aspiration during dental La is a legal requirement in the United Kingdom. 
Avoiding intravascular La is possible by avoiding injection intra-vascularly by using 
aspiration and avoiding intraosseous injections and being aware of the increased 
vascularity of inflamed tissue whilst always observing clinical reactions by:

• Talking to the patient during the injection and monitor their ECG/blood pressure 
to realise early symptoms of central nervous and cardiovascular toxicity if they 
are at risk.

• Stopping the injection immediately when early symptoms are realised.
• Considering the time course for the development of toxic signs (5–10 min).
• Avoiding long-acting and potent substances (bupivacaine is the most neuro-

toxic agent).

A recent survey of 2731 patients undergoing LA for dental treatment reported 
that 45.6% pts had medical risk factors (mostly cardiovascular). The overall LA 
complication rate was 4.5% complications (5.7% in risk pts) non-risk patients 3.5% 
which were most commonly dizziness, tachycardia, agitation, bronchospasm. 
Severe complications including seizures, bronchospasm occurred rarely (0.07%). 
Overall there were fewer complications with articaine 4% i:100 K epinephrine com-
pared with articaine 4% i:200 K epinephrine [16].

Articaine is less toxic than lidocaine at the same concentration as it has a high 
binding plasma rate reducing crossing the placenta or blood–brain barrier. 
Metabolism of articaine occurs in tissue and plasma (rather than in the liver for 
lidocaine or bupivacaine) and lidocaine is only 50% degraded after 1.5–3 h–much 
slower than articaine, of which 50% is eliminated after 20 min.

All suspected adverse events to local anaesthesia should be reported. This can be 
done online via the MHRA Yellow Card website (at www.mhra.gov.uk/yellowcard) 
or by calling the National Yellow Card Information service on 0808 100 3352 
(10 a.m. to 2 p.m. Monday–Friday). In addition, dental practices should sign up to 
receive MHRA alerts. Subscribe at www.gov.uk/drug- device- alerts/email- signup.
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9.3  What Are the Medical Modifiers for Dental LA?

There are very few absolute medical contraindications to local anaesthetic and these 
are listed in Table 9.4. There are some relative but not absolute contraindications for 
adrenaline use including:

• Hypertension, angina pectoris, heart failure
• Diabetes mellitus
• Bronchial asthma
• Regularly taken medication (TCAs, MAO inhibitors, beta-blockers)
• Pregnancy
• Narrow-angle glaucoma

However, prudent avoidance of blocks, or aspirating when using blocks and slow 
injection, low dosage, staged treatments allows the use of adrenaline in patients 
with these conditions. Use of low dose adrenaline LA agents can be used in these 
cases (see Table 9.5) [16]:

• Specific systemic complications have been reported with dental local anaesthet-
ics including Methaemoglobinemia: benzocaine should no longer be used. 
Prilocaine should not be used in children younger than 6 months, in pregnant 
women, or in patients taking other oxidising drugs. The dose should be limited 
to 2.5 mg/kg. At low levels (1–3%), methaemoglobinemia can be asymptomatic, 
but higher levels (10–40%) may be accompanied by any of the following com-
plaints: cyanosis, breathlessness, tachycardia, fatigue and weakness [17].

• Drug interactions:
 – Lidocaine can interact with CNS depressants and with H2 blockers (PPIs).

Table 9.4 Absolute medical contraindications for LA

Include:
Pheochromocytoma

Adrenaline producing tumour of the adrenal gland

Hyperthyroidism Elevated levels of thyroxine which lead to sensitisation of adrenaline 
receptors

Tachycardic 
arrhythmias

Unstable ventricular fibrillation

Sulphite allergy Anaphylactic reaction

Table 9.5 Low dose adrenaline LA agents can be used in these cases ideally using infiltration 
rather than Block, intra-osseous or intraligamental techniques

Articaine 4% with adrenaline 1:400,000 12.5 mL
Articaine 4% with adrenaline 1:200,000 8 mL
Articaine 4% with adrenaline 1:100,000 4 mL
Articaine 4% without adrenaline 7 mL
Mepivacaine 3% without adrenaline 10 mL
Mepivacaine 2% without adrenaline 15 mL
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 – Epinephrine:
Propranolol is the only nonselective beta-blocker reported to have the 
potential to cause severe hypertension and reflex bradycardia in the pres-
ence of epinephrine.
A significant risk does not appear to be associated with the use of epineph-
rine and cardioselective beta-blockers.

Many complications or adverse events arise during dental local anaesthetics due 
to the patient being overly anxious or not well informed. Thus, your LA technique 
must address several aspects including:

• Recheck medical history at every visit:
 – Patient’s recent prescription chart (<2 weeks).
 – Patient’s blood pressure.
 – Care with small patients:

Children.
Elderly (sarcopenia—the loss of muscle mass—reduces body mass signifi-
cantly after 60 years).

• Good preoperative assessment of medical history and anxiety levels.
• Reassurance/warnings (avoid showing the patient the syringe).
• Give your patient a feeling of control.
• Distraction.
• Topical LA.
• Place fingertip near the region where you are about to inject.
• Warm LA cartridges.
• Slow injections are less painful and more effective [11].

A key factor in patient satisfaction is a sense that the caregiver is doing their best 
and is genuinely concerned that therapy is adequate [18].

9.4  How Do We Minimise Regional Complications of LA?

9.4.1  Avoiding Failed LA

There are many myths regarding failed LA in dentistry [19]. Local anaesthesia fail-
ure is often assumed to be the fault of the clinician due to the general overestimation 
of the effectivity of block anaesthesia providing pulpal anaesthesia in the mandible. 
The onset of lip numbness occurs usually within 5–9 min of injection and pulpal 
anaesthesia follows (15–16 min) [20–22]. Slow onset of pulpal anesthesia (after 
15 min) occurs approximately 19–27% of the time in mandibular teeth and approxi-
mately 8% of patients have onset after 30 min [23]. Lip numbness does not guaran-
tee pulpal anaesthesia and failure to achieve lip numbness occurs about 5% of the 
time with experienced clinicians [24–26].
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Inferior dental blocks are remarkably inefficient at providing pulpal anaesthesia 
for dental procedures [22, 23, 27]. Malamed stated the rate of inadequate anaesthe-
sia ranged from 31% to 81%. When expressed as success rates, this indicates a 
range of 19–69%. These numbers are so wide-ranging as to make the selection of a 
standard for the rate of success for IANB seemingly impossible [11].

There are many myths regarding failed LA in dentistry:

• Inferior dental blocks are remarkably inefficient at providing pulpal anaesthesia for 
dental procedures particularly in mandibular premolars, canines and incisors [11].

• Numbness (anaesthesia or “lip sign”) of the patient’s lip does not indicate pulpal 
anaesthesia.

• The optimal pulpal anaesthesia rates occur 12–15 min after an inferior dental 
block (IDB). (Are we waiting long enough)?

• Articaine 4% IDBs are no more efficient than lidocaine 2% IDBs and have the 
additional potential risk of increased nerve injury rates.

• Accuracy of injecting near the inferior alveolar nerve does not improve analgesia 
(therefore we should not be aiming to “stab” the nerve) [28, 29].

• Speed of IDB injection: a slow inferior alveolar nerve block injection (60  s) 
results in a higher success rate of pulpal anaesthesia and less pain than a rapid 
injection (15 s) [30].

• Pathological (infection) [31, 32]: pulpitis is a challenging clinical problem, and 
can only be overcome by increasing the dose of anaesthetic in the area, with 
increased accuracy of the placement of the anaesthetic solution [33].

• Choice of technique, insufficient dose, poor technique, damaged LA due to poor 
storage [34].

• Giving another inferior alveolar nerve block does not help the patient if they feel 
pain during operative procedures. The second injection does not provide addi-
tional anaesthesia—the first injection is just “catching up” [23].
 – Increasing the volume to two cartridges of lidocaine or increasing the epi-

nephrine concentration from 1:100,000 to 1:50,000 will not provide better 
pulpal anesthesia [35, 36].

 – Using higher concentration agents for block injections is not evidenced to 
improve efficacy [26, 37, 38]. Specifically articaine compared with lidocaine 
IDBs has no or limited additional efficacy [39, 40].

 – Computed techniques do not ad advantage for IDB efficacy [41].
 – There is no evidence to support using direct or indirect Halstead IDB tech-

nique or the improved efficacy of using Gow-Gates of Akinosi techniques.

9.5  How Do We Manage Failed IDB?

• There is increasing evidence that additional injections (buccal infiltration, intra-
septal, intraligamental, intraosseous) can enhance and even replace IDBs. 
Supplemental injections can improve mandibular pupal anaesthesia [32].
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• Recent studies report that giving a buccal infiltration of a cartridge of 4% artic-
aine with 1:100,000 epinephrine after an inferior alveolar nerve block signifi-
cantly increased success (88%) when compared to a lidocaine formulation (71% 
success) [42, 43]. In a study of 182 patients, 122 achieved successful pulpal 
anaesthesia within 10 min after initial IANB injection and only 82 experienced 
pain-free treatment. Additional Articaine buccal infiltration (ABI) and intraosse-
ous (IO) allowed more successful (pain-free) treatment [44].

• The addition of intraligamental injections may assist in extractions [45, 46]. 
However, intraligamental injections are unlikely to be as effective at IDB alone 
for other dental procedures.

• The addition of the intraosseous injection after an inferior alveolar nerve block, 
in the first molar, will provide a quick onset and a high incidence of pulpal anaes-
thesia (approximately 90%) for 60 min. Clinically, the supplemental intraosse-
ous injection works very well but systemic cardiac effects are related to the 
“intravenous” nature of this injection [47, 48].

• Prescribing preoperative ibuprofen prior to dental treatment for pulpitic molar 
teeth is likely to significantly increase the effectiveness of the IDB local anaes-
thesia [49].

The main issues appear to be the overestimation of the efficacy of IDBs in gen-
eral, impatience and lack of awareness that one must wait over 15 min for maximum 
efficacy of a lidocaine block, in addition to the lack of use of alternative techniques 
that provide improved pulpal anaesthetic rates for anterior teeth.

9.6  How Do We Minimise Regional Complications of LA?

Most of these complications can be avoided by careful technique and avoidance of 
intravascular injections but even when clinicians use the utmost care, by aspirating 
before the injection and noting anatomical landmarks, intra-arterial injections can 
occur during inferior alveolar nerve blocks [52]. Fortunately, permanent damage to 
nerves, facial and oral tissues and eyes is rare.

Possible regional complications related to IDBs include:

• Facial palsy is likely due to poor IDB technique with too deep or superior injec-
tion through the coronoid process into the sheaths of the parotid gland through 
which the facial nerve travels [53].

• Tissue trauma-haematoma trismus. In patients who have coagulopathies or plate-
let malfunction avoidance of block, injections are advisable but occasionally 
unavoidable.

• Fracture of the needle is more likely to occur with 30 gauge needles, using nee-
dles too short leaving no additional space between the hub and tissues and pre- 
bending of the needle prior to injection [54, 55].

• Ophthalmic complications [56].
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Table 9.6 Risk factors for nerve injury related to dental local anaesthesia [31, 50, 51]

Block anaesthesia 59
Lingual nerve > IAN 60
Blind block injections
There is criticism of teaching the 
use of blind injections in dentistry

61–63

• Technique or anatomy? No evidence that direct Halstead causes more lingual 
nerve injuries than indirect technique

Concentration of LA agent 59, 60, 64–71
Speed of injection
Multiple injections 59
Severe pain on injection 60% more likely to experience persistent neuropathy [50]
LA agent toxicity Increasing toxicity at same concentration 

Bupivicaine > Mepivacaine > Prilocaine > 
Lidocaine > Articaine

• Type of vasoconstrictor? No evidence
• Sedated GA No evidence
• Lack LA aspiration No evidence

• Nerve injury related to IDB injections may cause permanent neuropathy in lin-
gual and inferior alveolar nerves often associated with combined numbness, par-
aesthesia and neuropathic pain. Though LA-related permanent nerve injury is 
rare, once the injury occurs approximately 75% may resolve but the remaining 
25% is untreatable. Most patients with trigeminal nerve injuries experience 
chronic pain in their lip, teeth and gums or tongue and gums, depending on 
which nerve is damaged. This is a lifelong burden that these patients find difficult 
to accommodate, especially when they were never warned about the possible 
risk. The risk of nerve injury can be mitigated by altering the block technique or 
by avoiding block anaesthesia altogether. The risk factors for nerve injury related 
to dental anaesthesia are listed in Table 9.6.

The incidence of persistent neuropathy related to dental IDBs is rare, esti-
mated to be between one in 14,000 temporary and one in 52,000 permanent (25% 
permanent), 59 1:26,762 and 1:160,571 [57], one in 27,415 cases [58], one in 
785,000 injections, to one in 13,800.970 [59]. The majority of nerve injuries are 
painful in patients seeking care, consistent with other surgical sensory neuropa-
thies leading to a condition known as chronic postsurgical pain. Unfortunately for 
these patients, the unforeseen complication of routine dental care leads to life-
changing orofacial pain with subsequent significant functional and psychological 
sequelae.

Management: there is no evidence-based treatment for these nerve injuries—we 
have to sit and wait whilst caring for the patient. If pain is caused during an IDB, 
arrange to contact the patient the next day to exclude persistent neuropathy (pain, 
numbness and or altered sensation), reassure them that 75% recover, medical inter-
vention including non-steroidal anti-inflammatory drugs (NSAIDs), vitamin B and 
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steroids as used for spinal iatrogenic nerve injuries may be effective in reducing 
neural inflammation and irritation—but there is no evidence to support this, aside 
from patients being reassured that their clinician is trying to help them.

Should patients be warned of possible rare nerve injuries related to dental LA? 
Based upon the Montgomery ruling, clinicians must now ensure that patients are 
aware of any “material risks” involved in a proposed treatment, and of reasonable 
alternatives, following the judgment in the case Montgomery v Lanarkshire 
Health Board. This is a marked change to the previous “Bolam test”, which asks 
whether a doctor’s conduct would be supported by a responsible body of medical 
opinion.

This test will no longer apply to the issue of consent, although it will continue to 
be used more widely in cases involving other alleged acts of negligence. Thus, one 
has to question when would a permanent burning tongue or elicited neuralgic pain 
of the face be caused whenever eating, kissing, speaking or out in the cold, is not 
material to a patient? Suggested routine consent was suggested in the United States 
in 1939 [60]. In Germany there is already a legal precedent to warn all patients 
undergoing dental LA of possible nerve injury, and any patient undergoing spinal or 
epidural injections in the United Kingdom must warn patients of possible perma-
nent motor or sensory nerve injuries in one in 57,000 [61].

Thus, prevention of LA nerve injuries is paramount and most effectively achieved 
by avoiding block anaesthesia. Dentistry is the only healthcare profession taught to 
aim for nerves blindly during block injections. There is increasing pressure to use 
ultrasound neural location to minimise systemic toxicity and nerve injuries as prac-
ticed in regional block anaesthesia elsewhere in the body. Other strategies would 
include avoiding risk factors (Table 9.6 [47–75]) but mainly avoid block anaesthesia 
and using infiltration techniques instead.

9.7  What Is Wrong with Our Current Practice and How Can 
We Do Better?

Proposed tailored smart LA practice:

• Technique
• Agent
• Volume

The limitations of IDB in providing swift mandibular pulpal anaesthesia are rec-
ognised and recent evidence supports the use of infiltration mandibular dentistry. 
Interestingly, for decades dentists have routinely undertaken maxillary dentistry 
with infiltrations, accepting that nerves within bone are accessible to submucosal 
local anaesthetic techniques. With respect to maxillary infiltration anaesthesia, 
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Table 9.7 Volume recommendation for maxillary local anaesthesia in dentistry

Technique Volume (mL)
Supraperiosteal (infiltration) 0.6
Posterior superior alveolar (PSA) 0.9–1.8
Middle superior alveolar (MSA) 0.9–1.2
Anterior superior alveolar (ASA) 0.9–1.2
Anterior middle superior alveolar (AMSA) 1.4–1.8
Palatal approach-anterior superior alveolar 
(P-ASA)

1.4–1.8

Greater (anterior) palatine 0.45–0.6
Nasopalatine 0.45 (max)
Palatal infiltration 0.2–0.3
Maxillary (V2) nerve block 1.8

Taken from Malamed SF Techniques of maxillary anaesthesia in Handbook of local anaesthesia 
Malamed SF 6th edition Mosby Elsevier 2013, St Louis page 223 [78]

some studies have found 4% articaine to be more effective than 2% lidocaine for 
lateral incisors but not molars [58], while others reported no clinical superiority for 
this injection [72, 73]. A recent randomised controlled trial found a statistically 
significant difference supporting the use of 4% articaine in place of 2% lidocaine for 
buccal infiltration in patients experiencing irreversible pulpitis in maxillary poste-
rior teeth [74].

As mentioned previously, nerve blocks are related to nerve injury and there are 
vno indications to use palatal, incisal or infraorbital nerve blocks for dentistry 
except in very rare exceptions; for example, spreading infection from canines or 
premolar use of block anaesthesia will prevent the need for general anaesthetic 
drainage and extractions. Several studies report the lack of indications for palatal 
block injections [51, 75]. There is increasing evidence that additional injections 
(buccal infiltration, intraseptal, intraligamental, intraosseous) can enhance and 
even replace IDBS [31, 34, 44, 74]. Lidocaine infiltration is likely as effective as 
articaine for maxillary dentistry [76]. A recent systematic review highlighted that 
there is no benefit in using articaine infiltration for maxillary dentistry but artic-
aine is 3.6 more times effective than lidocaine for mandibular infiltration dentistry 
[77] (Table 9.7).

9.8  Can Articaine 4% Infiltration Replace Lidocaine 2% 
IANBs for Routine Dentistry?

Undoubtedly, using infiltration and not IDBs improves patient comfort as patients 
will undoubtedly prefer having full lingual sensation and shorter duration LA anaes-
thesia after dental treatment [31]. Not only are buccal infiltration techniques prov-
ing as or more effective than IDBs but intraligamental injections can also be used 
effectively for exodontia as intraligamental injections are effectively intravascular 
with more likely systemic effects but in addition, there is reported higher post 
restorative pain levels [79, 80] (Table 9.8).
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Table 9.8 Volume recommendation for mandibular local anaesthesia in dentistry

Technique Volume (mL)
Inferior alveolar (IANB) 1.5
Buccal 0.3
Gow-gates (kind of IANB) 1.8
Vazirani-Akinosi (kind of IANB) 1.5–1.8
Mental 0.6
Incisive 0.6–0.9

Taken from Malamed SF Techniques of maxillary anaesthesia in Handbook of local anaesthesia 
Malamed SF 6th edition Mosby Elsevier 2013, St Louis Page 223 [78]

9.9  IANBs Are Unnecessary to Treat the Following

• Pulpitis mandibular molars in adults [81, 82].
• Exodontia in adults and children [45, 83].
• Implant surgery: 88,120 patients requiring the placement of a single implant in 

order to replace a missing first mandibular were randomly allocated to two 
groups comparing crestal with infiltration. No nerve damage occurred using 
either anaesthesia type, therefore the choice of type of anaesthesia is a subjective 
clinical decision. However, it may be preferable to use a low dose (0.9 mL) of 
subperiosteal anaesthesia, since it is unnecessary to deliver 7.2 mL of articaine to 
anaesthetise a single mandibular molar implant site [84].

• Restorative mandibular care in kids [85]: however, a recent study of 57 paediatric 
patients undergoing restorative mandibular treatment reported a higher success 
and less painful treatment with IANB. There was no statistically significant dif-
ference in local analgesia success between articaine and lignocaine when deliv-
ered via buccal infiltration [86].

9.10  The Benefit of Computerised Systems 
for Infiltration Techniques

There is limited evidence to support that computerised infiltration systems are more 
effective but those regularly using these systems empirically report better patient 
acceptance and comfort during injections [87].

9.11  What Is the Best Agent?

Articaine (4-methyl-3-[2-(propylamino)-propionamido]-2-thiophene-carboxylic 
acid, methyl ester hydrochloride) is a unique amide LA in that it contains thio-
phene, instead of a benzene ring. The thiophene ring allows greater lipid solubil-
ity and potency as a greater portion of an administered dose can enter neurons. It 
is the only amide anaesthetic containing an ester group, allowing hydrolysation in 
unspecific blood esterases. About 90% of articaine metabolises quickly via 
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hydrolysis in the blood into its inactive metabolite articaine acid, which is 
excreted by the kidney in the form of articaine acid glucuronide. Its metabolism 
is age-dependent, where clearance and volume of distribution decrease with 
increasing age. The elimination serum half-life of articaine is 20 min and of artic-
aine acid, it is 64 min [88, 89]. Articaine at three different comparative lidocaine 
concentrations prove more effective in providing mandibular pulpal anaesthesia 
[90, 91]; however, articaine is 3.6 times more effective for mandibular infiltration 
dentistry [77] and a recent study demonstrated that 2% articaine is as effective as 
4% articaine using IDB for mandibular dental extraction in adults [92, 93]. In 
summary, more research is needed before recommending replacing 4% with 2% 
articaine for all dental procedures.

The concentration of epinephrine may be reduced from one in 100 to one in 
200 and equally effective for third molar extraction 100 and epinephrine concen-
tration of one in 400 may only be required for paediatric extractions using 4% 
articaine [94].

So is the future agent for dental anaesthesia 2% articaine with 1:200 K–400 K 
epinephrine for all LA techniques and dental procedures in adults? Could we use 
epinephrine-free LA for paedodontic dentistry? Further research is needed.

9.12  What LA Volumes Should We Be Using?

The most common LA cartridge volume used worldwide is 1.8 mL [95]. Dentists in 
France and Japan use only 1 mL cartridges and the Commonwealth 2.2 mL car-
tridges. Dictation of LA volume to achieve effective pain control depends on the 
diameter of nerve and accuracy of the technique.

Infiltration techniques require significantly less LA volume compared with block 
techniques (0.6–9  mL), Gow-Gates only block anaesthesia technique where full 
cartridge 1.8–2.2  mL is recommended and infraorbital LA block requires 
1.8–2.2 mL [11].

Thus the continued use of 2.2 mL cartridges should be questioned and changed 
to 1.8 mL cartridges, which would improve patient safety and likely impact mini-
mally on repeated injections,

The future interest is the possibility of the development of newer improved 
agents (sensory blocking agents only) and devices and techniques for achieving 
profound sensory anesthesia. A nasal spray (http://clinicaltrials.gov/ct2/show/
NCT01302483) has been shown to anesthetise maxillary anterior six teeth is set to 
be tested in an FDA phase 3 trial, which will assess the spray’s effectiveness com-
pared to the current “gold standard” treatment—painful anesthesia injections. 
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Buffering of acidic local anaesthetics to more neutral physiological pH allows for 
speedier LA onset and is already in use in the United States. A recent development 
is a syringe micro vibrator (SMV) [96], a new device being introduced in dentistry 
to alleviate pain and anxiety of intraoral injections.

9.13  Conclusion

Substantive evidence supports a transition from block anaesthesia to infiltration den-
tistry for most dental care [97–99]. A radical change in practice is required with regard 
to so many aspects of patient safety based upon current evidence, whilst acknowledg-
ing further research would be ideal. With the current research legislation, undertaking 
simple efficacy studies of existing commonly used LA agents is prohibitively expen-
sive and unlikely to be funded by pharmaceutical companies, limiting the provision of 
future robust supportive research. Infiltration LA for implantology is a good example 
where common sense and application of optimal technique has occurred without a 
robust evidence base providing safer more effective patient care.

• A tailored approach to dental local anaesthesia should be recommended to pre-
vent the continued unnecessary use of IDBs when infiltration anaesthesia is 
likely more effective for most dental procedures. Tailored LA is dictated by the 
site and procedure. See Fig. 9.1 summarising the optimal anaesthetic techniques.

• The lack of safety giving blind block injections with likely systemic and local 
complications (especially nerve injury) may be considered “indefensible”.

• IDBs should be prescribed in limited cases when indicated (see tailored LA).
• Consent for LA: in the light of Montgomery consent recommendations, all 

patients should be routinely warned of a risk of nerve injury when routinely 
undergoing dental local anaesthesia, as already the case in Germany, and in the 
United Kingdom related to epidural or spinal injections.

• Reduction of epinephrine levels is likely possible for most dental procedures also 
improving patient safety and minimising systemic effects and reducing problems 
in medically compromised patients.

• Revalidation of the required cartridge volume is necessary and recommendation 
for the use of 1.8 mL versus 2.2 mL cartridges will improve patient safety.

9 Optimal Local Anaesthesia for Dentistry



116

IN
F

IL
T

R
AT

IO
N

 D
E

N
T

IS
T

R
Y

 IS
 D

E
P

E
N

D
A

N
T

U
P

O
N

 T
H

E
 S

IT
E

 A
N

D
 P

R
O

C
E

D
U

R
E

• 
M

ax
ill

ar
y 

de
nt

is
tr

y 
ca

n 
be

 p
er

fo
rm

ed
  e

nt
ire

ly
 u

si
ng

 li
do

ca
in

e 
2%

 w
ith

  a
dr

en
al

in
e 

fo
r 

al
l p

ro
ce

du
re

s
• 

B
uc

ca
l i

nf
ilt

ra
tio

n 
w

ith
 in

tr
o-

se
pt

al
  i

nj
ec

tio
ns

• 
N

o 
ad

di
tio

na
l b

en
ef

it 
us

in
g 

4%
  A

rt
ic

ai
ne

• 
N

o 
pa

la
ta

l o
r 

in
ci

sa
l b

lo
ck

s 
ar

e
  i

nd
ic

at
ed

• 
P

os
te

rio
r 

m
an

di
bu

la
r 

m
ol

ar
• 

E
nd

od
on

tic
 p

ro
ce

du
re

s 
m

ay
 r

eq
ui

re
  I

D
B

s 
or

 h
ig

he
r 

te
ch

ni
qu

es
 (

G
ow

  G
at

es
 o

r 
A

ki
no

sk
i)

M
an

di
bu

la
r 

7s
 a

nd
 8

s 
pe

rio
, r

es
to

ra
tio

ns
 o

r 
im

pl
an

ts
• 

A
rt

ic
ai

ne
 4

%
 b

uc
ca

l i
nf

ilt
ra

tio
n 

an
d 

Li
do

ca
in

e
• 

2%
 li

ng
ua

l i
nf

ilt
ra

tio
ns

 O
R

 fo
r 

ex
tr

ac
tio

ns
 in

tr
al

ig
am

en
ta

l
• 

If 
fa

ils
, m

ay
 n

ee
d 

lid
oc

ai
ne

 ID
B

M
an

di
bu

la
r 

1s
t m

ol
ar

s 
fo

r 
pe

rio
, r

es
to

ra
tio

ns
 o

r 
im

pl
ar

ts
• 

A
rt

ic
ai

ne
 4

%
 b

uc
ca

l +
/-

 L
id

oc
ai

ne
 2

%
 c

re
st

al
 o

r 
lin

gu
al

  i
nf

ilt
ra

tio
ns

 O
R

 fo
r 

ex
tr

ac
tio

ns
 a

dd
 li

do
ca

in
e 

lin
gu

al
  o

f i
nt

ra
-li

ga
m

en
ta

l

M
an

di
bu

la
r 

pr
em

ol
ar

s,
 c

an
in

es
 in

ci
so

rs
 fo

r 
pe

rio
,

re
st

or
at

io
ns

 o
r 

im
pl

an
ts

• 
A

rt
ic

ai
ne

 b
uc

ca
l i

nf
ilt

ra
tio

n 
(in

ci
sa

l n
er

ve
 b

lo
ck

 u
si

ng
 3

0%
  c

ar
tr

id
ge

) 
ad

ja
ce

nt
 n

ot
 in

 th
e 

m
en

ta
l f

or
am

en
 a

nd
 m

as
sa

ge
  o

ve
r 

re
gi

on
. I

f f
ai

ls
, r

ep
ea

t o
r 

ad
d 

cr
es

ta
l o

r 
lin

gu
al

  i
nf

ilt
ra

tio
n 

O
R

 fo
r 

ex
tr

ac
tio

ns
, i

nt
ra

-li
ga

m
en

ta
l

Fi
g.

 9
.1

 
Su

m
m

ar
is

in
g 

m
an

di
bu

la
r 

L
A

 in
fil

tr
at

io
n 

te
ch

ni
qu

es
. (

Il
lu

st
ra

tio
n 

m
od

ifi
ed

 f
ro

m
 fi

gu
re

 c
ou

rt
es

y 
of

 A
nd

re
w

 M
as

on
, U

ni
ve

rs
ity

 D
un

de
e)

T. Renton



117

References

 1. de St Georges J. How dentists are judged by patients. Dent Today. 2004;23(8):96–98–9.
 2. Renton T. Prevention and management of perisurgical pain. Dental Update. In Press
 3. International Association for the study of pain [IAsp]. 1994. Available from: http://www.iasp- 

pain.org/AM/Template.cfm?section=pain_Defi.
 4. Woolf CJ. What is this thing called pain? J Clin Invest. 2010;120(11):3742–4.
 5. Tracey I, et al. Getting the pain you expect: mechanisms of placebo, nocebo and reappraisal 

effects in humans. Nat Med. 2010;16:1277–83.
 6. Kalenderian E, Obadan-Udoh E, Maramaldi P, Etolue J, Yansane A, Stewart D, White J, 

Vaderhobli R, Kent K, Hebballi NB, Delattre V, Kahn M, Tokede O, Ramoni RB, Walji 
MF.  Classifying adverse events in the dental office. J Patient Saf. 2017; https://doi.
org/10.1097/pTs.0000000000000407. Epub ahead of print.

 7. Maramaldi P, Walji MF, White J, Etolue J, Kahn M, Vaderhobli R, Kwatra J, Delattre VF, 
Hebballi NB, Stewart D, Kent K, Yansane A, Ramoni RB, Kalenderian E. How dental team 
members describe adverse events. J Am Dent Assoc. 2016;147(10):803–11. https://doi.
org/10.1016/j.adaj.2016.04.015. Epub 2016 Jun 3.

 8. Hiivala N, Mussalo-Rauhamaa H, Tefke HL, Murtomaa H.  An analysis of dental patient 
safety incidents in a patient complaint and healthcare supervisory database in Finland. Acta 
Odontol scand. 2016;74(2):81–9. https://doi.org/10.3109/00016357.2015.1042040. Epub 
2015 May 13.

 9. Locker D, Shapiro D, Liddell A. Negative dental experiences and their relationship to dental 
anxiety. Commun Dent Health. 1996;63(1):86–92.

 10. Maggirias J, Locker D. Psychological factors and perceptions of pain associated with dental 
treatment. Community Dent Oral Epidemiol. 2002;30(2):151–9.

 11. Malamed SF. Handbook of Local Anesthesia. 7th Edition: Elsevier Paperback ISBN: 
9780323582070; eBook ISBN: 9780323582094.

 12. Harris SC.  Aspiration before injection of dental local anaesthetics. J Oral Surg. 
1957;15:299–303.

 13. Shojaei AR, Haas DA. Local anesthetic cartridges and latex allergy: a literature review. J Can 
Dent Assoc. 2002;68(10):622–6.

 14. Syed M, Chopra R, Sachdev V. Allergic reactions to dental materials-a systematic review. J 
Clin Diagn Res. 2015;9(10):ZE04–9.

 15. Goodson JM, Moore PA.  Life-threatening reactions after pedodontic sedation: an assess-
ment of narcotic, local anesthetic and antiemetic drug interactions. J Am Dent Assoc. 
1983;107:239–45.

 16. Niwa H, Tanimoto A, Sugimura M, Morimoto Y, Hanamoto H.  Cardiovascular effects of 
epinephrine under sedation with nitrous oxide, propofol, or midazolam. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2006;102(6):e1–9. Epub 2006 Sept 25.

 17. Guay J. Methemoglobinemia related to local anesthetics: a summary of 242 episodes. Anesth 
Analg. 2009;108(3):837–45. https://doi.org/10.1213/ane.0b013e318187c4b1.

 18. Botti M, Bucknall T, Manias E. The problem of postoperative pain: issues for future research. 
Int J Nurs Pract. 2004;10(6):257–63.

 19. https://www.aae.org/uploadedfiles/publications_and_research/endodontics_colleagues_for_
excellence_newsletter/winter09ecfe.pdf.

 20. Vreeland D, Reader A, Beck M, Meyers W, Weaver J. An evaluation of volumes and concen-
trations of lidocaine in human inferior alveolar nerve block. J Endod. 1989;15:6–12.

 21. McLean C, Reader A, Beck M, Meyers WJ. An evaluation of 4% prilocaine and 3% mepiva-
caine compared to 2% lidocaine (1:100,000 epinephrine) for inferior alveolar nerve block. J 
Endod. 1993;19:146–50.

 22. Hinkley S, Reader A, Beck M, Meyers W. An evaluation of 4% prilocaine with 1:200,000 epi-
nephrine and 2% mepivacaine with levonordefrin compared to 2% lidocaine with 1:100,000 
epinephrine for inferior alveolar nerve block. Anesth Prog. 1991;38:84–9.

9 Optimal Local Anaesthesia for Dentistry

http://www.iasp-pain.org/AM/Template.cfm?section=pain_Defi
http://www.iasp-pain.org/AM/Template.cfm?section=pain_Defi
https://doi.org/10.1097/pTs.0000000000000407
https://doi.org/10.1097/pTs.0000000000000407
https://doi.org/10.1016/j.adaj.2016.04.015
https://doi.org/10.1016/j.adaj.2016.04.015
https://doi.org/10.3109/00016357.2015.1042040
https://doi.org/10.1213/ane.0b013e318187c4b1
https://www.aae.org/uploadedfiles/publications_and_research/endodontics_colleagues_for_excellence_newsletter/winter09ecfe.pdf
https://www.aae.org/uploadedfiles/publications_and_research/endodontics_colleagues_for_excellence_newsletter/winter09ecfe.pdf


118

 23. Nusstein J, Reader A, Beck M. Anesthetic efficacy of different volumes of lidocaine with 
epinephrine for inferior alveolar nerve blocks. Gen Dent. 2002;50:372–5.

 24. Mikesell P, Nusstein J, Reader A, Beck M, Weaver J. A comparison of articaine and lidocaine 
for inferior alveolar nerve blocks. J Endod. 2005;31:265–70.

 25. Agren E, Danielsson K.  Conduction block analgesia in the mandible. Swed Dent 
J. 1981;5:81–9.

 26. Claffey E, Reader A, Nusstein J, Beck M, Weaver J. Anesthetic efficacy of articaine for infe-
rior alveolar nerve blocks in patients with irreversible pulpitis. J Endod. 2004;30:568–71.

 27. Fernandez C, Reader A, Beck M, Nusstein J.  A prospective, randomized, double-blind 
comparison of bupivacaine and lidocaine for inferior alveolar nerve blocks. J Endod. 
2005;31:499–503.

 28. You TM, Kim K-D, Huh J, Woo E-J, Park W. The influence of mandibular skeletal character-
istics on inferior alveolar nerve block anesthesia. J Dent Anesth Pain Med. 2015;15(3):113–9.

 29. Kaufman E, Weinstein P, Milgrom P. Difficulties in achieving local anesthesia. J Am Dent 
Assoc. 1984;108:205–8.

 30. Kanaa MD, Meechan JG, Corbett IP, Whitworth JM. Speed of injection influences efficacy 
of inferior alveolar nerve blocks: a doubleblind randomized controlled trial in volunteers. J 
Endod. 2006;32:919–23.

 31. Meechan JG. The use of the mandibular infiltration anesthetic technique in adults. J Am Dent 
Assoc. 2011;142(Suppl 3):19S–24S.

 32. Yadav S. Anesthetic success of supplemental infiltration in mandibular molars with irrevers-
ible pulpitis: a systematic review. J Conserv Dent. 2015;18(3):182–6.

 33. Lai TN, Lin CP, Kok SH. Evaluation of mandibular block using a standardize method. Oral 
Surg Oral Med Oral pathol Oral Radiol Endod. 2006;102:462–8.

 34. Meechan JG. How to overcome failed local anaesthesia. Br Dent J. 1999;186(1):15–20.
 35. Wali M, Reader A, Beck M, Meyers V. Anesthetic efficacy of lidocaine and epinephrine in 

human inferior alveolar nerve blocks. J Endod. 1988;14:193. (abstract).
 36. Dagher BF, Yared GM, Machtou P. An evaluation of 2% lidocaine with different concentra-

tions of epinephrine for inferior alveolar nerve blocks. J Endod. 1997;23:178–80.
 37. Malamed SF, Gagnon S, Leblanc D. Efficacy of articaine: a new amide local anesthetic. J Am 

Dent Assoc. 2000;131:635–42.
 38. Moore PA, Boynes SG, Hersh EV, DeRossi SS, Sollecito TP, Goodson JM, Leonel JS, Floros 

C, Peterson C, Hutcheson M. Dental anesthesia using 4% articaine 1:200,000 epinephrine: 
two clinical trials. J Am Dent Assoc. 2006;137:1572–81.

 39. Sierra Rebolledo A, Delgado Molina E, Berini Aytis L, Gay Escoda C. Comparative study of 
the anesthetic efficacy of 4% articaine versus 2% lidocaine in inferior alveolar nerve block 
during surgical extraction of impacted lower third molars. Med Oral Patol Oral Cir Bucal. 
2007;12(2):E139–44.

 40. Tortamano IP, Siviero M, Costa CG, Buscariolo IA, Armonia PL.  A comparison of the 
anesthetic efficacy of articaine and lidocaine in patients with irreversible pulpitis. J Endod. 
2009;35(2):19166765.

 41. Araujo GM, Barbalho JC, Dias TG, Santos Tde S, Vasconcellos RJ, de Morais 
HH. Comparative analysis between computed and conventional inferior alveolar nerve block 
techniques. J Craniofac Surg. 2015;26(8):e733–6.

 42. Haase A, Reader A, Nusstein J, Beck M, Drum M. Comparing anesthetic efficacy of articaine 
versus lidocaine as a supplemental buccal infiltration of the mandibular first molar after an 
inferior alveolar nerve block. J Am Dent Assoc. 2008;139:1228–35.

 43. Matthews R, Drum M, Reader A, Nusstein J, Beck M.  Articaine for supplemental, buc-
cal mandibular infiltration anesthesia in patients with irreversible pulpitis. J Endod. 
2009;35(3):343–6.

 44. Kanaa MD, Whitworth JM, Meechan JG. A prospective randomized trial of different supple-
mentary local anesthetic techniques after failure of inferior alveolar nerve block in patients 
with irreversible pulpitis in mandibular teeth. J Endod. 2012;38(4):421–5. https://doi.
org/10.1016/j.joen.2011.12.006. Epub 2012 Feb 2.

T. Renton

https://doi.org/10.1016/j.joen.2011.12.006
https://doi.org/10.1016/j.joen.2011.12.006


119

 45. Dumbrigue HB, Lim MV, Rudman RA, Serraon A. A comparative study of anesthetic tech-
niques for mandibular dental extraction. Am J Dent. 1997;10(6):275–8.

 46. Shabazfar N, Daubländer M, Al Nawas B, Kämmerer PW. Periodontal intraligament injec-
tion as alternative to inferior alveolar nerve block - metaanalysis of the literature from 1979 
to 2012. Clin Oral Investig. 2014;18(2):351–8.

 47. Dunbar D, Reader A, Nist R, Beck M, Meyers W. Anesthetic efficacy of the intraosseous 
injection after an inferior alveolar nerve block. J Endod. 1996;22:481–6.

 48. Guglielmo A, Reader A, Nist R, Beck M, Weaver J. Anesthetic efficacy and heart rate effects 
of the supplemental intraosseous injection of 2% mepivacaine with 1:20,000 levonordefrin. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1999;87:284–93.

 49. Li C, Yang X, Ma X, Li L, Shi Z. Preoperative oral nonsteroidal anti-inflammatory drugs 
for the success of the inferior alveolar nerve block in irreversible pulpitis treatment: a sys-
tematic review and meta-analysis based on randomized controlled trials. Quintessence Int. 
2012;43(3):209–19.

 50. Renton T, Adey-Viscuso D, Meechan JG, Yilmaz Z. Trigeminal nerve injuries in relation to 
the local anaesthesia in mandibular injections. Br Dent J. 2010;209(9):E15.

 51. Lima JL Jr, Dias-Ribeiro E, Ferreira-Rocha J, Soares R, Costa FW, Fan S, Sant’ana 
E. Prospective, double-blind, controlled clinical trial involved 30 patients between the ages 
of 15 and 46 years who desired extraction of a partially impacted upper third molar with 
pericoronitis. Anesth Prog. 2013;60(2):42–5.

 52. Webber B, Orlansky H, Lipton C, Stevens M. Complications of an intra-arterial injection 
from an inferior alveolar nerve block. J Am Dent Assoc. 2001;132(12):1702–4.

 53. Tzermpos FH, Cocos A, Kleftogiannis M, Zarakas M, Iatrou I. Transient delayed facial nerve 
palsy after inferior alveolar nerve block anesthesia. Anesth Prog. 2012;59(1):22–7.

 54. Cummings DR, Yamashita DD, McAndrews JP. Complications of local anesthesia used in 
oral and maxillofacial surgery. Oral Maxillofac Surg Clin North Am. 2011;23(3):369–77. 
https://doi.org/10.1016/j.coms.2011.04.009. Review.

 55. Catelani C, Valente A, Rossi A, Bertolai R. Broken anesthetic needle in the pterygomandibu-
lar space. Four case reports. Minerva Stomatol. 2013;62(11–12):455–63.

 56. von Arx T, Lozanoff S, Zinkernagel M. Ophthalmologic complications after intraoral local 
anesthesia. Swiss Dent J. 2014;124(7–8):784–806.

 57. Baldi C, Bettinelli S, Grossi P, Fausto A, Sardanelli F, Cavalloro F, Allegri M, Braschi 
A.  Ultrasound guidance for locoregional anesthesia: a review. Minerva Anestesiol. 
2007;73(11):587–93.

 58. Evans G, Nusstein J, Drum M, Reader A, Beck M. A prospective, randomized, double-blind 
comparison of articaine and lidocaine for maxillary infiltrations. J Endod. 2008;34(4):389–93. 
https://doi.org/10.1016/j.joen.2008.01.004. Epub 2008 Feb 7.

 59. Garisto GA, Gaffen AS, Lawrence HP, Tenenbaum HC, Haas DA.  Occurrence of pares-
thesia after dental local anesthetic administration in the United States. J Am Dent Assoc. 
2010;141(7):836–44. Erratum in: J Am Dent Assoc. 2010;141(8):944.

 60. Orr DL, Curtis WJ. Oral and maxillofacial surgery, anesthesiology for dentistry, University 
of Nevada School of Medicine, Las Vegas 89102-2287, USA.  J Am Dent Assoc (1939). 
2005;136(11):1568–71.

 61. National Royal College of Anaesthetists Audit; 2012.
 62. Pogrel MA, Thamby S.  Permanent nerve involvement resulting from inferior alveolar 

nerve blocks. J Am Dent Assoc. 2000;131(7):901–7. Erratum in: J Am Dent Assoc 2000 
Oct;131(10):1418.

 63. Meyers WJ. The use of ultrasound for guiding needle placement for inferior alveolar nerve 
blocks. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1999;87:658–65.

 64. Neal JM. Ultrasound-guided regional anesthesia and patient safety: update of an evidence- 
based analysis. Reg Anesth Pain Med. 2016;41(2):195–204.

 65. Hillerup S, Jensen R.  Nerve injury caused by mandibular block analgesia. Int J Oral 
Maxillofac Surg. 2006;35(5):437–43. Epub 2005 Dec 15.

 66. Haas DA, Lennon D. A 21 year retrospective study of reports of paresthesia following local 
anesthetic administration. J Can Dent Assoc. 1995;61(4):319–20, 323–6, 329–30.

9 Optimal Local Anaesthesia for Dentistry

https://doi.org/10.1016/j.coms.2011.04.009
https://doi.org/10.1016/j.joen.2008.01.004


120

 67. Haas DA.  Articaine and paresthesia: epidemiological studies. J Am Coll Dent. 
2006;73(3):5–10. Review.

 68. Hillerup S, Jensen RH, Ersboll BK. Trigeminal nerve injury associated with injection of local 
anesthetics: needle lesion or neurotoxicity? J Am Dent Assoc. 2011;142(5):531–9.

 69. Pogrel MA. Permanent nerve damage from inferior alveolar nerve blocks: a current update. J 
Calif Dent Assoc. 2012;40(10):795–7.

 70. Gaffen AS, Haas DA. Retrospective review of voluntary reports of nonsurgical paresthesia in 
dentistry. J Can Dent Assoc. 2009;75(8):579.

 71. Kingon A, Sambrook P, Goss A. Higher concentration local anaesthetics causing prolonged 
anaesthesia. Do they? A literature review and case reports. Aust Dent J. 2011;56(4):348–51. 
https://doi.org/10.1111/j.1834- 7819.2011.01358.x. Epub 2011 Oct 3. Review.

 72. Oliveira PC, Volpato MC, Ramacciato JC, Ranali J. Articaine and lignocaine efficiency in 
infiltration anaesthesia: a pilot study. Br Dent J. 2004;197(1):45–6; discussion 33.

 73. Vähätalo K, Antila H, Lehtinen R. Articaine and lidocaine for maxillary infiltration anesthe-
sia. Anesth Prog. 1993;40(4):114–6.

 74. Srinivasan N, Kavitha M, Loganathan CS, Padmini G. Comparison of anesthetic efficacy of 
4% articaine and 2% lidocaine for maxillary buccal infiltration in patients with irreversible 
pulpitis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009;107:133–6.

 75. Lima JL Jr, Dias-Ribeiro E, Ferreira-Rocha J, Soares R, Costa FWG, Fan S, Sant’ana 
E. Comparison of buccal infiltration of 4% articaine with 1:100,000 and 1:200,000 epineph-
rine for extraction of maxillary third molars with pericoronitis: a pilot study. Anesth Prog. 
2013;60(2):42–5. https://doi.org/10.2344/0003- 3006- 60.2.42.

 76. Bartlett G, Mansoor J.  Articaine buccal infiltration vs lidocaine inferior dental block  - 
a review of the literature. Br Dent J. 2016;220(3):117–20. https://doi.org/10.1038/
sj.bdj.2016.93.

 77. Peters MC, Botero TM.  In patients with symptomatic irreversible pulpitis, articaine is 
3.6 times more efficacious than lidocaine in achieving anesthetic success when used for 
supplementary infiltration after mandibular block anesthesia. J Evid Based Dent Pract. 
2017;17(2):99–101.

 78. Malamed SF.  Techniques of maxillary anaesthesia. In: Malamed SF, editor. Handbook of 
local anaesthesia. 6th ed. St Louis: Mosby Elsevier; 2013. p. 223.

 79. Shabazfar N, Daubländer M, Al-Nawas B, Kämmerer PW. Periodonta intraligament injection 
as alternative to inferior alveolar nerve block - meta-analysis of the literature from 1979 to 
2012. Clin Oral Investig. 2014;18(2):351–8.

 80. Kämmerer PW, Palarie V, Schiegnitz E, Ziebart T, Al-Nawas B, Daubländer M. Clinical and 
histological comparison of pulp anesthesia and local diffusion after periodontal ligament 
injection and intrapapillary infiltration anaesthesia. J Pain Relief. 2012;1:108. https://doi.
org/10.4172/2167- 0846.1000108- 0846.1000108.

 81. Zain M, et al. Comparison of anaesthetic efficacy of 4% articaine primary buccal infiltration 
versus 2% lidocaine inferior alveolar nerve block in symptomatic mandibular first molar 
teeth. Adults. J Coll Physicians Surg Pak. 2016;26(1):4–8.

 82. Poorni S, et al. Anesthetic efficacy of four percent articaine for pulpal anesthesia by using 
inferior alveolar nerve block and buccal infiltration techniques in patients with pulpitis: a 
prospective randomized doubleblind clinical trial. J Endod. 2011;37(12):1603–7.

 83. Thakare A, Bhate K, Kathariya R. Comparison of 4% articaine and 0.5% bupivacaine anes-
thetic efficacy in orthodontic extractions: prospective, randomized crossover study. Acta 
Anaesthesiol Taiwanica. 2014;52(2):59–63.

 84. Sanchez-Siles M, Camacho-Alonso F, Salazar-Sanchez N, Aguinaga-Ontoso E, Munoz JG, 
Calvo-Guirado JL. A low dose of subperiosteal anaesthesia injection versus a high dose of 
infiltration anaesthesia to minimise the risk of nerve damage at implant placement: a ran-
domised controlled trial. Eur J Oral Implantol. 2016;9(1):59–66.

 85. Smith T, Urquiola R, Oueis H, Stenger J. Comparison of articaine and lidocaine in the pedi-
atric population. J Mich Dent Assoc. 2014;96(1):34–7.

T. Renton

https://doi.org/10.1111/j.1834-7819.2011.01358.x
https://doi.org/10.2344/0003-3006-60.2.42
https://doi.org/10.1038/sj.bdj.2016.93
https://doi.org/10.1038/sj.bdj.2016.93
https://doi.org/10.4172/2167-0846.1000108-0846.1000108
https://doi.org/10.4172/2167-0846.1000108-0846.1000108


121

 86. Arrow P. A comparison of articaine 4% and lignocaine 2% in block and infiltration analgesia 
in children. Aust Dent J. 2012;57(3):325–33.

 87. Kämmerer PW, Schiegnitz E, von Haussen T, Shabazfar N, Kämmerer P, Willershausen 
B, Al-Nawas B, Daubländer M. Clinical efficacy of a computerised device (STA™) and a 
pressure syringe (VarioJect INTRA™) for intraligamentary anaesthesia. Eur J Dent Educ. 
2015;19(1):16–22.

 88. Yapp KE, Hopcraft MS, Parashos P.  Articaine: a review of the literature. Br Dental 
J. 2011;210:323–9.

 89. Vree TB, Gielen MJ. Clinical pharmacology and the use of articaine for local and regional 
anaesthesia. Best Pract Res Clin Anaesthesiol. 2005;19:293–308.

 90. Abdulwahab M, Boynes S, Moore P, Seifikar S, Al-Jazzaf A, Alshuraidah A, Zovko J, Close 
J. The efficacy of six local anesthetic formulations used for posterior mandibular buccal infil-
tration anesthesia. J Am Dent Assoc. 2009;140(8):1018–24.

 91. Becker DE, Reed KL.  Essentials of local anesthetic pharmacology. Anesth Prog. 
2006;53:98–109.

 92. Kämmerer PW, Schneider D, Palarie V, Schiegnitz E, Daubländer M. Comparison of anes-
thetic efficacy of 2 and 4% articaine in inferior alveolar nerve block for tooth extraction-a 
double-blinded randomized clinical trial. Clin Oral Investig. 2017;21(1):397–403.

 93. Senes AM, Calvo AM, Colombini-Ishikiriama BL, Goncalves PZ, Dionísio TJ, Sant’ana 
E, Brozoski DT, Lauris JR, Faria FA, Santos CF. Efficacy and safety of 2% and 4% artic-
aine for lower third molar surgery. J Dent Res. 2015;94(9 Suppl):166s–73s. https://doi.
org/10.1177/0022034515596313. Epub 2015 Jul 22.

 94. Zurfluh MA, Daubländer M, van Waes HJ. Comparison of two epinephrine concentrations in 
an articaine solution for local anesthesia in children. Swiss Dent J. 2015;125(6):698–709.

 95. Malamed S. 1.8 or 2.2 ml? How much anaesthetic is enough? Personal communication.
 96. Shahidi Bonjar AH. Syringe micro vibrator (SMV) a new device being introduced in den-

tistry to alleviate pain and anxiety of intraoral injections, and a comparative study with a 
similar device. Ann Surg Innov Res. 2011;5:1–5.

 97. Katyal V. The efficacy and safety of articaine versus lignocaine in dental treatments: a meta- 
analysis. J Dent. 2010;38:307–17.

 98. Brandt RG, Anderson PF, McDonald NJ, Sohn W, Peters MC.  The pulpal anesthetic 
efficacy of articaine versus lidocaine in dentistry: a meta-analysis. J Am Dent Assoc. 
2011;142(5):493–504.

 99. Kung J, McDonagh M, Sedgley CM. Does articaine provide an advantage over lidocaine in 
patients with symptomatic irreversible pulpitis? A systematic review and meta-analysis. J 
Endod. 2015;41(11):1784–94.

 100. Daublander M, Mauller R, Lipp MD. The incidence of complications associated with local 
anaesthesia in dentistry. Anesth prog. 1997;44(4):132–41.

9 Optimal Local Anaesthesia for Dentistry

https://doi.org/10.1177/0022034515596313
https://doi.org/10.1177/0022034515596313


123© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
T. Renton (ed.), Optimal Pain Management for the Dental Team, BDJ Clinician’s 
Guides, https://doi.org/10.1007/978-3-030-86634-1_10

Temporomandibular Disorders 
for the General Dental Practitioner

Emma Beecroft, Chris Penlington, Hannah Desai, 
and Justin Durham

Learning Objectives

• Examination, diagnosis and biopsychosocial management of TMD in pri-
mary care.

• The presenting features and common signs and symptoms of TMD.
• Red flag symptoms which mimic TMD and require onward referral.
• Integrated treatment plan.

Temporomandibular disorder  (TMD) is a collective term for conditions affecting 
the temporomandibular joint (TMJ), muscles of mastication (MOM) or both [1, 2]. 
Temporomandibular disorders (TMDs) can be acute or persistent. Acute TMD usu-
ally has a short duration and identifiable precipitating factor, e.g. temporomandibu-
lar joint pain and restricted opening following protracted molar root canal treatment. 
The pain felt is protective, allowing reparation of damage [3].

Approximately 10% of all TMD cases progress to a persistent (or chronic) condi-
tion [4]. Persistent TMD involves protracted pain (>3 months), which no longer 
serves any reparative function [3]. Persistent TMDs demonstrate increased pain 
intensity compared to acute TMDs [5], with a quarter of cases demonstrating func-
tional disability [2]. Persistent TMDs demonstrate significant biopsychosocial con-
sequences [3], impacting on patients’ work and home environment, affecting social 
engagement and personal relationships [2, 6, 7].
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10.1  Epidemiology

TMDs are the most common cause of chronic pain in the orofacial region [1]. 
Prevalence in the general population is reported at 10–15% [8]. Incidence of TMDs 
are marginally higher in females compared to males, however, females have sub-
stantially increased odds of generating persistent TMD [5]. TMD presentation fol-
lows an inverted “U” trend, with the peak incidence being between 18 and 44 years 
old [3, 4, 6]. Interestingly, unlike most chronic pain conditions, there appears to be 
no causal association between socioeconomic group and incidence of TMD [3, 5, 6].

10.2  Presenting Features

Mild to moderate pain intensity and disability are the most commonly reported 
presenting features [5]. Around 65% of patients report recurrent pain with their 
TMD, demonstrating classic cycles of remission and flare-up [5]. A single episode 
of pain is reported in 12% of cases, whilst 19% report persistent pain [5].

Practitioners must be aware of the propensity for referred pain in the head and 
neck region [9]; the most common sites of referred pain from palpation of facial 
musculature are shown in Fig. 10.1. Awareness that TMD pain can present in areas 
distant from those expected, and conversely, examination of muscles of mastication 
can trigger pain in distant sites, is essential so as not to misdiagnose.

With regards to the temporomandibular joint itself, jaw stiffness, reduced mobil-
ity and masticatory difficulty are common presenting features, with 41% of TMD 
cases demonstrating restricted opening [2]. Joint noises can also be present, which 
may or may not cause pain [2].

10.3  Aetiology

TMDs have a complex multifactorial aetiology with no singular “cause”. A number 
of biopsychosocial factors play a role in initiating, predisposing and perpetuating 
TMDs and their roles are still not fully understood [10]. The genotype of an indi-
vidual helps determine their biological susceptibility to TMD, whilst psychological 
and behavioural factors influence the pain experience [6]. Other factors implicated 
include, but are not limited to joint and muscle trauma; parafunction; and sensitisa-
tion of peripheral and central pain processing pathways [4, 6]. One factor histori-
cally associated with the aetiology of TMDs has now been shown not to play a role: 
orthodontic treatment neither causes nor treats TMD [2, 6, 11].

10.4  The Influence of Comorbidities

There are a number of comorbidities that, when present, increase the propensity 
towards symptomatic persistent TMD with a consequentially poorer prognostic out-
come. Early recognition of susceptible patients is essential to provide targeted early 
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intervention in a bid to control symptoms before neuroplastic changes occur that 
result in central sensitisation.

For some patients, painful TMD may be a single symptom of a systemic condi-
tion (e.g. rheumatoid arthritis, fibromyalgia), in such cases management should be 
completed in conjunction with physicians responsible for the patient’s systemic 
well-being [3]. For others, comorbid presentation of TMD with pain conditions in 
other areas of the body (e.g. chronic back pain) indicates potential dysregulation of 
pain regulatory pathways [2, 4, 6], generating hyperalgesia and diffuse allodynia 
through sensitisation of the peripheral and/or central nervous system described as 
“pain amplification” [4, 6]. Referral to a general medical practitioner (GMP) should 
be considered for patients presenting with undiagnosed widespread body pain.

Psychological factors such as anxiety, depression and catastrophising thoughts 
have been shown to be significant risk factors for both the development of painful 
TMDs and the transition from acute to persistent pain states [6, 12]. Cognitive, 
emotional and behavioural factors associated with psychological conditions will 
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Fig. 10.1 Map of referred pain generated by palpation of labelled anatomic areas. With permis-
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influence how a patient reacts to, processes and manages their pain [11]. Patients 
who recognise that their pain is exacerbated by psychological factors may benefit 
from specialist psychological treatment. In most areas, this can be accessed by self- 
referral to the local improving Access to Psychological Therapies (IAPT) service.

10.5  Clinical History

GDPs should be competent to recognise the common signs and symptoms of TMDs 
including [3, 10]:

• Pain in and around the TMJ
• Pain in and around the MOM
• Pain in the TMJ or MOM worsened by function
• History of pain on palpation of TMJ or MOM
• Joint sounds (click, pop, snap, crepitus)
• Headaches
• Restricted joint mobility
• Otalgia [±tinnitus]

If signs and symptoms are suggestive of TMD, GDPs should first rule out the pain 
of dental origin and then refine their pain history with a specific TMD focus. For 
patients with otalgia with or without tinnitus, a GMP referral is warranted for further 
assessment. The medical mnemonic SOCRATES is an extremely useful tool that can 
be utilised to create a detailed picture of the patient’s pain complaint. Table 10.1 
highlights potential findings from detailed pain history suggestive of TMD.

Table 10.1 Example pain history for TMD case utilising socrates mnemonic

Site Primarily affected: TMJ, MOM, Ear Consider referral 
pathways for pain (Fig. 10.1)

Onset Acute TMD: usually has identifiable precipitating event 
Chronic TMD: more difficult to pinpoint Could be 
sudden or gradual Link to dental treatment or trauma

Character Dull, deep, aching, throbbing
Usually continuous ± acute exacerbations
Cyclical nature: periods of flare-up and remission

Radiation and referral (see Fig. 10.1) Most common referral patterns: ear, angle of jaw, 
temple, teeth

Association and alleviating factors Rest/analgesics may improve Function may worsen
Timing—duration and frequency How long in total has the pain been present: Short 

duration in acute TMD, Long history for persistent 
TMDs Most likely to present continuously Diurnal 
variation pattern sometimes seen (worse in the morning, 
eases through the day or vice versa)
Duration of pain can be a prognostic indicator

Exacerbating factors Chewing/talking/yawning/movement
Severity. Pain score out of 10 with 10 
being “the worst pain imaginable”

Variable

Adapted from Durham et al. [3]
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Specific questioning with regards to headache profile is recommended as head-
aches can form a component of the TMD or could be part of a mimicking or comor-
bid condition e.g. temporal arteritis, or migraine.

10.6  Clinical Examination

It is assumed that a minimal expected standard from every clinical contact would 
include visual extra-oral examination of the patient’s face and neck, palpation to 
assess any lymphadenopathy, examination of intraoral soft tissues to rule out soft tis-
sue lesions and dental examination to exclude frank dental or periodontal pathology. 
For suspected TMD further examination should include assessment of cranial nerves 
(at least the facial and trigeminal nerves). Clear concise guidance on how to complete 
cranial nerve tests can be found at https://geekymedics.com/cranial- nerve- exam/ [13].

In patients suspected of TMD, TMJ and MOM should be examined for familiar 
pain. Familiar pain is pain precipitated during the examination that is representative 
of the patient’s normal pain experience [11]. Ensuring a “familiar” nature of pain 
with clinical examination equates to a clinically meaningful result, ruling out false 
positives and incidental findings [12].

10.7  TMJ Examination

International recommendations advise palpation of the TMJ over its lateral pole 
[12], through the mandibular opening, closing, protrusion and lateral excursions. An 
alternative or adjunct to this would be intra-aural palpation of the joint in the exter-
nal auditory meatus. The mandibular motions should be repeated three times; a 
“familiar” response to one-third of the cycles represents a positive finding [12]. 
Deviation along the arc of mandibular opening, measured maximal inter incisal 
opening (unassisted and assisted) in millimetres and protrusive and lateral excursive 
range of opening should all be documented as they can give indicators towards spe-
cific diagnoses (see Sect. 10.12).

Presentation of joint noises can be sporadic and clinical detection of TMJ noises 
is difficult [12]. Due to this, joint noises can be documented as positive during the 
clinical examination if the patient self-reports hearing joint noise(s) in the last 
30 days and/or noise is heard by the patient or clinician during the examination [12]. 
Another consideration would be the use of a stethoscope to auscultate for faint 
noises that are not palpable.

10.8  Muscles of Mastication

All accessible aspects of both temporalis and masseter should be palpated bimanu-
ally (where possible) from superior to inferior attachments. Palpation of temporalis 
and masseter muscles alone has been shown to provide diagnostic validity [12]. 
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Documentation of “familiar” pain on palpation, location of pain, radiation of pain 
and presence of trigger point should be summarised. Palpation of additional muscu-
lature e.g. lateral pterygoid, medial pterygoid, digastric, etc. is only required when 
clinically indicated for instance when the pain or dysfunction is reported in the 
anatomical boundaries or movements associated with these muscles [12].

10.9  Biopsychosocial Evaluation

Physical clinical examination alone is no longer considered an adequate assessment 
for TMD in isolation. It is widely recognised that the way an individual feels pain is 
influenced by cognitive, emotional and behavioural factors [12], which physical 
examination would fail to recognise. Psychosocial comorbidity has been shown to 
have an impact on pain severity and development of persistent pain and affects both 
prognosis and treatment outcome [10, 12].

Assessment of pain intensity and emotional functioning should cover behav-
ioural assessment (how the patient and their friends and family respond to their 
pain), the patient’s beliefs, attitudes and expectations in addition to their mood (e.g. 
anxiety and depression). In the related area of back pain, a brief screening instru-
ment has been shown to be successful in allocating patients to appropriate treatment 
[14]. By taking into account relevant psychosocial factors including fear of pain, 
low mood (depression), avoidance of functional activity and thinking the worst 
(catastrophising), patients are treated according to stratified risk [14]. Similar psy-
chosocial risk factors have been reported for TMDs [15], therefore, an adapted ver-
sion of this instrument may also be helpful in this population. The acronym FLATS 
shown in Fig. 10.2 can be utilised as a brief psychosocial screening tool. A positive 

Agreement with one or more items below, suggests medium risk and the need
for more frequent appointments for monitoring, support and reinforcement of
self-care recommendations.

Agreement with three or more, suggests high risk and consideration of referral
to specialist services.

Fear of Pain Do you worry that you could cause injury by biting, chewing
or making certain movements?

In general, have you been enjoying the things you used to enjoy?

Do you avoid doing things in case of making your pain worse?

Do you have thoughts liks ‘it’s terrible and it’s never going to
get any better?’

Does your pain have an impact on other people?

Low mood

Avoidance

Thinking the Worst

Social Impact

Fig. 10.2 FLATS mnemonic: a brief screening and triage tool of psychosocial risk factors in TMD
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response to one or more of the items flags the need for more frequent appointments 
for monitoring, support and reinforcement of self-care advice with the GDP.  In 
some cases, self-referral to local IAPT services may also be appropriate, as previ-
ously discussed. For patients who show three or more of the risk factors, referral to 
a specialist service if available, or liaison with the patient’s GP about referral to 
specialist pain management services, is advised.

If time allows, a more comprehensive biopsychosocial (so-called  “Axis II”) 
assessment is covered in the diagnostic criteria for temporomandibular disorders 
(DC/TMD) with psychosocial screening questionnaires available to print and utilise 
at https://ubwp.buffalo.edu/rdc- tmdinternational/tmd- assessmentdiagnosis/dc- tmd/ 
[16]. Depending on patients’ responses, referral for a more comprehensive psycho-
logical evaluation and adjunctive psychological intervention through the patient’s 
GMP may be appropriate [3, 10].

10.10  Red Flags

A small number of dangerous conditions exist that can produce signs and symptoms 
which mimic TMDs. Positive findings of “red flag” signs and symptoms in either 
history or examination must be appropriately investigated with prompt referral to 
secondary care setting or appropriate medical specialties. Table 10.2 highlights red 
flag features.

10.11  Imaging

Imaging of TMJ for TMD diagnosis is a contentious issue for two main reasons. The 
first is that a high proportion of asymptomatic individuals can show “positive” findings, 
on plain film, cone-beam CT and MRI [17–19]. The second is that, regardless of find-
ings, management strategies and treatment decisions are rarely affected. This makes 
the associated radiation dose (plain film radiographs/CBCT/CT) critical to justify.

Imaging should be provided only if a clear clinical justification is present, and 
therefore routine imaging for screening of TMD is inappropriate.

10.12  Diagnosis

Diagnosis provides legitimacy for those experiencing TMD and is the foundation 
for improved self-perception, increased understanding and provision of coping 
strategies [7]. Diagnosis should ideally be delivered at the first point of contact, as 
research has shown that a lack of diagnosis, or a delay in its provision, can cause 
uncertainty for patients, resulting in negative impacts on the sufferer’s condition and 
their daily lives [7]. By far the most common overall diagnosis on examination is 
myalgia with arthralgia [5]. A diagnostic guide abstracted and modified from DC/
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TMD [12] which links patient signs, symptoms and clinical examination findings 
are shown in Table 10.3.

10.13  Management

Long-standing international consensus is that first-line care for patients with TMDs 
should be reversible and non-invasive [3, 10, 20]. The evidence base for this claim 
is irrefutable, with data suggesting between 75% and 90% of patients will be respon-
sive to conservative management [21]. The Royal College of Surgeons’ Primary 
Care guidance for TMD explains that the goals of management are:

• Encouragement of self-management of the condition through education.
• Reducing the (impact of) pain associated with the condition.
• Decreasing functional limitation caused by the condition [3].

Table 10.2 Red flag signs and symptoms

Sign Possible cause
Previous malignancy Potential for new 

primary, recurrence or 
metastases

Lymphadenopathy or neck mass Neoplastic, infective or 
autoimmune cause

Jaw claudication
(Cramp-like pain in tongue or jaw)

Neoplastic, temporal 
arteritis

Unplanned weight loss Neoplastic, systemic 
illness

Pyrexia Infective
Neurological signs/symptoms
• Acute onset loss of smell
• Acute onset loss of hearing
• Acute onset visual problems
• Paraesthesia
• Motor function changes

Neoplastic, infective or 
autoimmune cause

Pain with exertion, coughing or sneezing (suggests raised 
intracranial pressure)

Neoplastic or infective 
cause

Nasal symptoms (persistent and profuse bleeding or (purulent) 
discharge)

Neoplastic or infective

Acute onset of profound, or worsening, trismus Neoplastic, infective or 
traumatic cause

Persistent hoarseness of the voice (>3 weeks) Neoplastic
Persistent mouth ulcer(s) (>3 weeks) Neoplastic
Occlusal changes Neoplastic, traumatic, 

growth disturbance
Unilateral headache, jaw claudication, flu-like symptoms, vision 
disturbances, inflammation of temporal artery, trismus in patient 
age range: >50 years old F > M

Temporal arteritis
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Table 10.3 Diagnostic guide linking clinical history and examination results to diagnosis

Clinical history
Clinical examination 
findings

Specific findings 
related to pain or 
complaint Diagnosis

Pain in the Jaw, temple, in 
the ear or in front of the 
ear AND Pain modified 
with jaw movement, 
function or parafunction

Confirmation of pain in 
temporalis or masseter 
AND “Familiar” pain in 
masseter or temporalis 
produced during the 
examination

The pain of 
muscular origin

Myalgia

Pain localised to 
the site of 
palpation

Local myalgia

Pain spreads 
beyond the site of 
palpation but 
within the 
boundary of 
muscle

Myofascial pain

The pain reported 
at a site beyond 
the boundary of 
the muscle being 
palpated

Myofascial pain 
with referral

Headache of any type in 
the temple AND 
Headache modified with 
jaw movement, function 
or parafunction

“Familiar” headache pain in the temple area 
produced during examination AND 
Conformation of headache location in the area 
of the temporalis

Headache 
attributed to 
TMD

In the last 30 days, any 
TMJ noise present with 
jaw movement or function 
OR Patient reports any 
noise during the 
exam ± TMJ pain

Clicking, 
popping ± snapping 
detected during palpation 
of 1/3 repetitions of 
opening/closing, lateral 
excursion or protrusion

No locking but 
joint noise

Disc displacement 
with reduction

In the last 30 days, any 
TMJ noise present with 
jaw movement or function 
OR Patient reports any 
noise during the exam
AND in the last 30 days 
jaw locks with limited 
mouth opening even for a 
moment ± TMJ pain

In the last 30 days 
jaw locks with 
limited mouth 
opening even for 
a moment then 
unlocks

Disc displacement 
with reduction 
with intermittent 
locking

Jaw locking so mouth 
would not open all of the 
ways
AND Limitation in jaw 
opening severe enough to 
limit jaw opening and 
interfere with the ability 
to eat

Maximum assisted opening with passive 
stretch <40 mm
The presence of TMJ noise on examination 
does not exclude this diagnosis

Disc displacement 
without reduction 
with the limited 
opening “Closed 
lock”

Maximum assisted opening with passive 
stretch >40 mm
The presence of TMJ noise on examination 
does not exclude this diagnosis

Disc displacement 
without reduction 
without limited 
opening

(continued)

10 Temporomandibular Disorders for the General Dental Practitioner



132

All treatments for TMDs should be delivered within a biopsychosocial framework 
taking account of biological, psychological and social factors [22, 23]. Psychosocial 
factors have been shown to be the stronger predictors of outcome in persistent pain 
[23]. Here we describe the importance of social aspects of care, usual treatment rec-
ommendations, psychological and finally biological aspects of management.

10.14  Social Influence of the General Dental Practitioner

Aspects of the interaction between patient and GDP will be crucial to successful 
patient engagement in self-management, which is arguably the most important part of 
an intervention. Patients need to feel that their practitioner is listening to them, believ-
ing their account and taking their concerns seriously. It is important also that they 
believe their treatment provider to be competent and knowledgeable to treat their con-
dition. It is worth taking the time to listen carefully and clarify the patient’s reports of 
symptoms and validate their experience since the ability of the patient to engage fully 
with treatment suggestions will rest on the quality of their relationship with the GDP.

10.15  Education and Reassurance

Time should be spent after the provision of a diagnosis of TMD, to explain this to 
the patient, discuss its aetiology and provide positive reassurance with regards to its 
benign and usually non-progressive nature [10, 23]. The power of such reassurance 

Table 10.3 (continued)

Clinical history
Clinical examination 
findings

Specific findings 
related to pain or 
complaint Diagnosis

In the last 30 days any 
TMJ noise present with 
jaw movement or function 
OR Patient reports any 
noise during the 
exam ± TMJ pain

Crepitus detected during examination Degenerative 
joint disease

In the last 30 days jaw 
locking or catching in a 
wide-open mouth 
position, even for a 
moment, so it could not 
close from the wide-open 
position ± TMJ pain

A positive finding of “open 
lock” which requires 
manipulation (self or 
clinician) to reduce

Self-manoeuvre 
required by the 
patient to reduce 
the dislocation

Subluxation 
“open lock”

Clinician 
manoeuvre 
required to reduce 
the dislocation

Luxation “open 
lock”

Pain in the Jaw, temple, in 
the ear or in front of the 
ear AND Pain modified 
with jaw movement, 
function or parafunction

Confirmation of pain in the area of the TMJ
AND “Familiar” pain in the TMJ produced 
during the examination

Arthralgia

Adapted from Schiffman et al. [12]
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should not be underestimated; delay in the provision of this important step has been 
shown to subjectively increase anxiety and exacerbate symptom severity [7].

Education at this stage should include a discussion about the role of psychologi-
cal factors including anxiety, depression and thinking the worst. These do not cause 
pain but are known to contribute to the intensity and maintenance of pain once it is 
present, and are likely themselves, to be triggered by pain. For further information 
about psychological factors in pain, patients can be directed to online resources 
such as “live well with pain” at my.livewellwithpain.co.uk [24]. it is important at an 
early stage also to stress the importance of active engagement with self- management 
strategies and that the outcome of treatment will be related more to what patients do 
themselves than on treatment received passively. Helpful, free animations are avail-
able for patients on ‘‘What to do about jaw pain’’ (https://www.youtube.com/watch
?v=IkpY37aMOMY&list=PL0Zkwya_9eK9dUJbeyARqIxupd8i53EbJ&index=1) 
and “Self-management in TMD” (https://www.youtube.com/watch?v=dfjdyWoRw
Nw&list=PL0Zkwya_9eK9dUJbeyARqIxupd8i53EbJ&index=3).

10.16  Self-Management

Early-stage acute TMD management should include jaw rest and a soft diet in times 
of acute pain [23]. Parafunctional activities (e.g. nail-biting, jaw clenching/grind-
ing, gum chewing) are likely to contribute to, and also present as a result of TMD 
pain [2]. Early cessation of such activities can help prevent exacerbation of the 
condition [23]. Local measures, such as utilising covered ice or moist heat applica-
tion to affected musculature and facial massage have been shown to provide symp-
tomatic relief and should be encouraged as part of a self-care regime [23].

Poor sleep quality has a reciprocal relationship with chronic pain [25] by lower-
ing pain tolerance leading to pain amplification. Conversely, persistent pain makes 
both initiation and maintenance of sleep problematic [25]. A helpful leaflet about 
sleep and pain is available from painconcern.org.uk/sleep [26].

Patients can be directed to simple techniques such as diaphragmatic breathing 
and sleep hygiene recommendations (see Table  10.4), to utilise at home to 
improve quality and quantity of sleep, facilitate relaxation and in turn build resil-
ience [10].

10.17  Smoking and Caffeine

Smokers have an increased incidence of TMDs compared to non-smokers. This 
relationship is more pronounced in younger age groups (18- to 29-year-olds). 
Sanders et al. found risk of persistent TMD was more than four times as high com-
pared with older adults who had never smoked [27]. There are a number of reasons 
smoking may affect the incidence of TMDs: nicotine has been shown to modify 
pain perception, chronic exposure to nicotine is linked to hyperalgesia, and smoking 
is associated with a worse psychosocial profile (anxiety, depression, perceived 
stress) [27]. Smoking cessation advice is a simple management strategy that 
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supports chronic pain management and systemic health promotion and should be 
encouraged for all TMD patients.

Excessive caffeine levels have been shown to impact negatively chronic pain 
conditions [28]. Caffeine stimulates the release of catecholamines e.g. adrenaline, 
which sensitise muscle nociceptors, increasing the perception of pain [28]. Patients 
with persistent TMD should be advised to moderate their caffeine intake, switching 
to decaffeinated alternatives where possible [9, 29].

10.18  Splint Therapy

Splints are usually worn through the night to protect the dentition from parafunction 
and provide an element of biofeedback to the patient [3]. Splints can be worn on 
upper or lower arches and there is no evidence for improved efficacy for one over 
the other [30]. Soft polyethylene material or hard acrylic materials can be used but 
full coverage of all of the teeth in the arch is advisable to protect against unfavour-
able over eruption and dentoalveolar compensation [30]. Splints should be moni-
tored by GDPs at routine dental health checks, ensuring positive fit and even occlusal 
contacts in the intercuspal position when relevant to the type of splint. If excessive 
wear or damage is present, they should be replaced. Once a patient’s TMD has sta-
bilised, continued use of the appliance is not essential, it can however be reintro-
duced should the patient suffer cyclical flare-up.

10.19  Physiotherapy and Acupuncture

Physiotherapy can reduce muscular discomfort and improve joint function [3]. 
Evidence confirms short-term symptomatic improvement for TMD cases, but there 
is no evidence this improvement is consistently maintained [3]. Physiotherapy at the 
very least provides short-term relief and promotes engagement in self-care regime; 

Table 10.4 Advice for positive sleep hygiene [26]

Routines Keep to a regular routine, going to bed and getting up at a similar time each day.
Before bed spend 20 min winding down in a similar way each night, perhaps 
including some relaxation exercises.
Don’t spend long periods of time in bed unable to sleep (unless you feel very 
relaxed). Get up, move to a different room if possible and do something which is 
not stimulating. Only return to bed once you feel sleepy.

Environment Make sure your bedroom is comfortable and uncluttered.
Do not watch TV or eat food in bed or use the bed for any other activity that 
tends to keep you awake in your experience.
Keep the temperature and noise distractions low if possible.

Lifestyle Limit caffeine and alcohol consumption.
Do not eat large meals late at night.
Make sure you get plenty of exercises, but don’t engage in strenuous exercise 
within an hour or two of going to bed.
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when prescribed appropriately physiotherapy will do no harm and so the consensus 
is supportive for this form of non-invasive care.

Acupuncture for the care of myogenous TMDs has been shown to reduce pain 
intensity and a specific improvement in masseteric tenderness has been demon-
strated [10]. To arrange physiotherapy and acupuncture for patients, GDPs can 
liaise with GMPs for onward NHS referral if the service is available in the locality. 
Alternatively, when the potential benefits of such treatments are explained to 
patients they may opt to directly access treatment providers through the pri-
vate sector.

10.20  Psychological Management

As discussed above, all intervention strategies for TMDs are integrated with an 
understanding of psychological principles. Referral for specialist psychological 
input is appropriate for patients with high levels of anxiety and depression or whose 
attempts to engage in self-management appear to be blocked by psychological fac-
tors. It is important that patients understand that a referral for psychological therapy 
is not an indication that professionals believe their pain is psychological or “in their 
head”. Referrals should be discussed and agreed upon with patients before being 
made, and a clear rationale given. Usually, this will be that it is stressful to live with 
pain, and this stress is likely to have an impact on symptom maintenance and inten-
sity without careful psychological management. As described previously, patients 
may opt to self-refer to local IAPT services or to seek a referral from their GMP to 
specialist pain management services, which include psychology provision within an 
integrated biopsychosocial framework.

Psychologists may employ a range of different interventions in pain management 
settings. Of these, cognitive behavioural therapy (CBT) has been reported as suc-
cessful for TMDs [31]. The therapy supports pain management through patient edu-
cation and the development of coping strategies, which can result in alteration of the 
perception of pain [3, 10]. Evidence suggests CBT could provide benefit for most 
TMD patients, with positive long-term improvement outcomes demonstrated for 
pain intensity, depression and activity interference [3, 32, 33]. Where indicated, 
referrals for psychological input should be expedited at an early stage of treatment 
to facilitate swift intervention [3].

10.21  Pharmacological Management

For any pharmacological management strategy, it is the GDP’s responsibility to 
check for contraindications and interactions and to prescribe appropriately on an 
individual basis. Ensuring patients are fully informed with regards to risks, benefits 
and potential side effects of the medication are imperative and documentation of 
these discussions must form part of the patient records.
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10.21.1  Simple Analgesics

Systemic nonsteroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen, are 
widely used for TMD with an inflammatory component, despite little evidence to 
support their benefit. Topical use of ibuprofen gel may benefit myofascial TMD 
when applied to the affected musculature. Additional use of paracetamol with 
NSAIDs may provide sufficient relief to allow a decrease in the NSAID dose, negat-
ing potential side effects [3]. Over-the-counter analgesics should be used for short- 
term acute pain only. Long-term use (>15 days) puts patients at risk of medication 
overuse headache.

10.21.2  Neuromodulatory Agents

Neuromodulatory agents in the form of antidepressant medications (amitriptyline) or 
antiepileptic medications (gabapentin) can be used off-licence for persistent pain condi-
tions such as TMDs. Evidence for their effectiveness specifically with regards to TMDs 
is scant and often empirical [1]. Evidence for the positive response to other chronic pain 
conditions is often extrapolated to suggest benefits for TMDs [23]. This treatment 
modality is best left to secondary care through close liaison with the patient’s GMP.

10.21.3  Botulinum Toxin

Localised placement of botulinum toxin (BT) blocks the activity of muscles, inhib-
its the release of inflammatory mediators and alters pain processing pathways, 
reducing central sensitisation [34]. All of these features suggest BT placement 
should positively benefit myofascial TMDs but studies have provided equivocal or 
conflicting results [35–37]. Recent findings in animal studies where BT was deliv-
ered to MOM show a reduction in bone volume and hypertrophic bone proliferation 
in and around TMJ [38]. This finding clearly raises concern about BT’s long-term 
use and further research is required to prove potential benefits outweigh risks of 
treatment [10].

10.22  Surgical Management

Surgical interventions to manage arthrogenous TMDs include, arthroscopy, arthro-
centesis, arthroplasty or joint replacement [23, 39]. A recent systematic review 
found insufficient evidence to support surgical interventions [8]. As the vast major-
ity of TMDs have been shown to respond to conservative treatments, the morbidity 
associated with surgical techniques is difficult to justify, provision of such care 
remains controversial and should be restricted to specific cases with clear indica-
tions in centres with the appropriate expertise [39].
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10.23  Referral to Secondary Care

In cases where the diagnosis is unclear, or symptoms become chronic or worsen 
despite initial management, then secondary care referral should be made. Additional 
support may also be required for patients with marked psychological distress, 
hypervigilance of symptoms and complex widespread pain [23].

10.24  Conclusion

TMDs present commonly in general dental practice. GDPs role lies in: early diag-
nosis, effective education and reassurance, appropriate initial management and sen-
sible follow-up. The multifactorial nature of TMDs and wide diagnostic remit 
makes a detailed history and examination essential to provide appropriate manage-
ment of both physical symptoms and concomitant psychosocial elements. A biopsy-
chosocial approach should be adopted for TMD patients, with biological, 
psychological and social elements of management being delivered through a single 
integrated treatment plan.

When primary care efforts have been exhausted or for other previously outlined 
reasons, referral to secondary care services does not negate primary care’s role in 
continuing to implement, reinforce and monitor conservative management tech-
niques which are within their remit. Where indicated, secondary care intervention 
should be completed in conjunction with primary care management strategies to 
provide the best prognostic opportunity for patients.
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Learning Objective

• The reader may wonder as to why there is a chapter on headaches for the den-
tal team.

• Chronic primary headaches are common and often mimic dental and temporo-
mandibular pain conditions.

• Chronic neurovascular pain, caused by primary headaches, is a main cause of 
orofacial pain particularly myalgia and arthralgia related to the temporoman-
dibular joints.

• The reader will learn about differential diagnosis of chronic orofacial pain caused 
by primary headaches and how to differentiate them.

• The reader will also be alerted to sinister signs and when to advise their patient 
to seek further care.

Clinical Relevance
We aim to improve the knowledge of the dental team, in relation to primary head-
aches such that neurovascular pain can be differentiated from odontogenic causes of 
pain. We also aim to provide dental practitioners with the knowledge of how to 
initially manage the pain if it is neurovascular in origin in primary care.
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11.1  Introduction

Pain in the head and neck region is often the driving factor for patients to seek care 
from the dental team. It is not rare for chronic orofacial pain conditions to manifest 
with similar symptoms to dental pain. This can often lead to a misdiagnosis and 
inappropriate treatment resulting in complications for both the clinician and the 
patient [1]. Diagnosis and management of these patients can be particularly chal-
lenging; however, a correct diagnosis is mandatory to ensure patient safety and care.

Headaches are predicted to affect up to 46% of the worldwide population, and 
they have been ranked as being one of the top 10 most disabling disorders [2]. 
Therefore, the implications to health care and patients should not be underesti-
mated. The International Headache Society updated their classification in 2018 [3]. 
It is those that fall into the group of ‘primary headaches’ which are most relevant 
and may be encountered by the dental team; however, an awareness of the other 
types may also be beneficial. A general overview of the classification is shown in 
Table 11.1.

Due to the high number of patients who experience headaches and that the pain 
experienced may mimic dental pain, it is important that dental teams are able to cor-
rectly identify these disorders as they will be nonresponsive to routine care and if 
appropriate, may need referral on for urgent care. In general, dentists have a poor 
knowledge of headaches and often struggle with this. Two recent papers highlight 
the high proportion of patients who attended orofacial pain clinics who were suffer-
ing from primary headaches that ideally could have been signposted to neurologists 
sooner rather than experiencing years of pain and multiple inappropriate dental and 
ENT procedures [4, 5].

Table 11.1 An overview of the International Classification Disorders, third edition [3]

Primary headaches  1. Migraine
 2. Tension-type headache
 3. Trigeminal autonomic cephalalgias
 4. Other primary headache disorders

Secondary Headaches  5.  Headache attributed to trauma or injury to head 
and/or neck

 6.  Headache attributed to cranial and/or cervical 
vascular disorder

 7.  Headache attributed to non-vascular intracranial 
disorder

 8.  Headache attributed to a substance or its 
withdrawal

 9. Headache attributed to infection
10. Headache attributed to disorder of homeostasis
11.  Headache or facial pain attributed to disorder of 

the cranium, neck, eyes, ears, nose, sinus
12.  Headache attributed to psychiatric disorder

Painful Cranial Neuropathies, Other 
Facial Pain and Other Headaches

13.  Painful lesions of the cranial nerves and other 
facial pain

14. Other headache disorders
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11.2  Migraines

Migraines have been ranked as the third most prevalent disease in the world, so it is 
likely that dentists will encounter these patients [3]. Two main types exist, those 
with an aura and those without. Other types of migraines have been discussed in a 
previous paper suitable for dentists [2]. The diagnostic criteria for migraines have 
been defined by the International Headache Classification (Table 11.2). Migraines 
are more common in females, occur in all ages from childhood and have a unilateral 
distribution of pain (Fig. 11.1). They can last up to days and may be triggered by 
certain foods, alcohol, stress, the contraceptive pill or hormonal changes during the 
menstrual cycle [6]. Approximately, 20% of patients will experience an aura prior to 
the headache. Auras may be visual and examples include zigzag patterns, flashes of 
light or loss of vision. They may also be sensory such as tingling or numbness which 
can spread over the face, lips and tongue [7].

It is also of note to the reader that migraines may cause an increased risk of car-
diovascular events, most commonly stroke, especially in women who smoke and 
take oestrogen supplements. They have also been linked to cerebrovascular disor-
ders such as seizures. All of which should also be taken into account when manag-
ing these patients [8].

Table 11.2 Diagnostic criteria as defined by the International Headache Society [3]

Migraine without 
aura

A. At least five attacks fulfilling criteria B-D
B. Headache attacks lasting 4–72 h
C. Headache has at least two of the following four characteristics:
   1. Unilateral location
   2. Pulsating quality
   3. Moderate or severe pain intensity
   4. Aggravation by or causing avoidance of routine physical activity 

(e.g. walking or climbing stairs)
D. During headache at least one of the following:
   1. Nausea and/or vomiting
   2. Photophobia or phonophobia

Migraine with aura A. At least two attacks fulfilling criteria B and C
B. One or more of the following fully reversible aura symptoms:
   1. Visual
   2. Sensory
   3. Speech and/or language
   4. Motor
   5. Brainstem
   6. Retinal
C. At least three of the following characteristics:
   1. At least our aura symptom spreads gradually over >5 min
   2. Two or more aura symptoms occur in succession
   3. Each individual aura symptom lasts 5–60 min
   4. At least one aura symptom is unilateral
   5. At least one aura symptom is positive
   6. The aura is accompanied or followed within 60 min, by a headache

(continued)
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Table 11.2 (continued)

Episodic tension- 
type headache

A. At least 10 episodes of headache occurring on <1 day/month on 
average (<12 days/year) and fulfilling the following criteria
B. Lasting from 30 min to 7 days
C. At least two of the following four characteristics:
   1. Bilateral location
   2. Pressing or tightening (non-pulsating) quality
   3. Mild or moderate intensity
   4. Not aggravated by routine physical activity such as walking or 

climbing stairs
D. Both of the following:
   1. No nausea or vomiting
   2. No more than one of photophobia or phonophobia

Chronic tension-type 
headache

A. Headache occurring on >15 days/month on average for >3 months 
(>180 days/year, fulfilling criteria B-D.
B. Lasting hours to days, or unremitting.
C-D. As above

Cluster headaches A. At least five attacks fulfilling criteria B-D
B. Severe or very severe unilateral orbital, supraorbital and/or temporal 
pain lasted 15–180 min– when untreated
C. Either or both of the following:
   1. At least one of the following symptoms or signs ipsilateral to the 

headache:
    (a) Conjunctival injection and/or lacrimation
    (b) Nasal congestion and/or rhinorrhoea
    (c) Eyelid oedema
    d) Forehead and facial sweating
    e) Miosis and/or ptosis
   2. A sense of restlessness or agitation
D. Occurring with a frequency between one every other day and eight 
per day

Fig. 11.1 Pattern of distribution of pain in primary headaches [2]

P. Chana and T. Renton



145

The patient should also be questioned sensitively about depression and anxiety; 
both of these have been linked to migraines, likely due to the common pain recep-
tors involved in both. A presence of these disorders has been shown to reduce com-
pliance with prescribed medications and advice on management [8].

11.2.1  Common Differential Diagnoses

• Odontogenic Pain.
• Sinus Pain.
• Temporomandibular joint disorder.

Migraines most commonly cause pain in the V1 distribution, but they may also 
cause pain in the V2 and V3 distribution, occasionally independent of pain in V1 [1, 
9]. Due to the distribution of pain presenting in the V2 and V3 region, dentists may 
be confused and misdiagnose the pain has having a dental or sinus origin. Migraines 
presenting with isolated facial pain in V2 and/or V3 region is considered extremely 
rare and its phenotype has not been described in full.

There is also a well-established link between temporomandibular joint disorders 
and migraines due to the similar neurophysiological processes involved in both condi-
tions [10]. Although this may complicate the diagnosis of the patients’ pain, if this is 
found to be the case it is suggested that they should be managed using a simultaneous 
approach to both conditions, rather than managing each OFP condition separately [11].

11.2.2  Treatment

11.2.2.1  General Dental Practitioners
General dental practitioners may give patients advice on acute treatment which aims 
to offer patients a reduction in the pain and other symptoms experienced with a 
treatment goal of reducing the disability associated with migraines. The evidence 
favours NSAIDS (aspirin, diclofenac, ibuprofen, naproxen), triptans, ergotamine 
derivatives and opioids such as butorphanol. A combination of medications is also 
well supported in the literature with a triptan and NSADS being more effective than 
pairing a triptan with paracetamol [12]. Despite the evidence supporting the benefits 
of using opioids in migraines, NICE doesn’t recommend that they should be pre-
scribed to patients due to side effects and risk of dependence [12]. Of note, NSAIDs 
can result in gastrointestinal and cardiovascular adverse effects so they should be 
used with caution. In addition, triptans should be avoided in patients with coronary 
artery disease, poorly controlled hypertension and other peripheral vascular dis-
eases. Newer medications are being developed to overcome the vascular contraindi-
cations of triptans.
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11.2.2.2  Specialist Referral Treatment
Treatment to prevent migraines, normally provided by a specialist in the field, is 
considered based on the frequency of migraines experienced and the level of dis-
ability. The following medications have an established evidence base for their effi-
cacy in preventing migraines: antiepileptic drugs, triptans and hypotensives 
including; beta-blockers (metoprolol, propranolol, timolol). In comparison, antide-
pressants and other beta-blockers such as atenolol may also be considered, but there 
is less evidence to support the use of these drugs [13]. Although gabapentin may 
have been previously recommended, guidelines updated in 2019 by NICE have 
advised that it should not be offered to patients [1, 12].

Emerging treatments for the prevention of migraines include injectable therapies 
which can be administered both subcutaneously and intravenously such as botuli-
num toxin A and monoclonal antibodies, but there are still questions over their long- 
term safety [13]. Neuromodulation is also an emerging active treatment for 
migraines which may be suitable for patients who are not responding to drug ther-
apy or have contraindications [13, 14].

Biobehavioural therapy such as cognitive behaviour therapy should also not be 
ignored. In more recent years, there is a growing body of evidence to support their 
use in chronic pain as well as migraines [13]. Further evidence has shown that using 
these techniques alongside drug therapy has been shown to be more effective than 
using drugs alone [15].

11.3  Tension-Type Headaches

Tension-type headaches (TTH) are the most common type of headache experienced 
by patients and thought to affect up to 78% of the population [2, 3]. Their diagnostic 
criteria can also be seen in Table 11.2. The mild to moderate pain tends to be bilat-
eral and a pressing or tightening pain (Fig. 11.1). This is a non-pulsating pain, in 
comparison to a migraine which often has a pulsating type pain [2]. TTH can be 
further classified into episodic and chronic which has been elaborated on in 
Table 11.2. In very rare cases, a tension headache can show similar symptoms to 
concerning conditions such as a subarachnoid haemorrhage, TIA or stroke.

11.3.1  Common Differential Diagnoses

• Temporomandibular joint disorders including headache attributed to TMD.

The pain experienced during a TTH is commonly confused and therefore diag-
nosed as temporomandibular joint disorder pain caused by bruxism as often in both 
conditions the temporalis may be tender to palpate [16].

The relationship between bruxism and TTH should be acknowledged by the den-
tal team and recent evidence supports an association between the two [17]. A 
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proposed modern theory is that TTH may result from referred pain from trigger 
points in head and shoulder muscles. Bruxism may be a factor in the development 
of trigger points in the head and neck region. It is these trigger points are responsi-
ble for central sensitisation which has noted to be present in TTH [17]. Further to 
this, patients who suffer from TTH also report heavier tooth contact, muscle ten-
sion, stress and more pain in their head region [18].

11.3.2  Treatment

11.3.2.1  General Dental Practitioners
The mild to moderate pain experienced by patients can be managed with analgesics 
which may be prescribed by their general dental practitioner if deemed suitable. The 
effectiveness of analgesics is reduced if the patient frequently experiences TTH. As 
a first-line treatment, acetaminophen (paracetamol) may be prescribed which is 
favourable due to the reduced gastric side effects and as a second-line ibuprofen can 
be prescribed.

11.3.2.2  Specialist Referral Treatment
For patients suffering from chronic TTH, drug therapy can be used to reduce the 
frequency and severity of headaches. Tricyclic antidepressants are most widely 
used, with amitriptyline found to be the most effective [19, 20]. Mirtazapine may 
also be used. Other types of antidepressants such as SSRI and tetracyclic are not 
indicated in these patients. Botulinum toxin A has also been licenced for use; how-
ever, there is a lot of conflicting evidence supporting this as a treatment modality 
and further research is needed to be undertaken in this area [20].

As with migraines, a combination of pharmacological and non-pharmacolog-
ical treatments (physical and/or psychological therapy such as CBT) has been 
shown to be more effective than using one treatment alone [19, 20]. Although the 
links to bruxism have been discussed, dentists should not routinely use an occlu-
sal splint to treat TTH due to the lack of supporting evidence as a treatment 
modality [19, 21].

11.4  Trigeminal Autonomic Cephalalgias

The trigeminal autonomic cephalalgias (TACs) are composed of a group of 
short- lasting and unilateral headaches that also present with cranial autonomic 
features which are lateralised and ipsilateral to the headache [22]. These include 
cluster headaches, paroxysmal hermicrania, short-lasting unilateral neuralgia 
headache attacks and hemicrania continua [3]. Despite these headaches being 
rare, these patients may present in a dental setting and due to the extremely 
debilitating nature of these headaches it is important that they can be appropri-
ately managed.
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The presenting pain is an intense unilateral pain with neuralgic multiple stab-
bing events which lasts several hours and spontaneously regresses leaving the 
patient with pain-free interludes. The pain episodes often occur several times a 
day at the same times usually early mornings and clusters of pain most com-
monly occurring in spring and autumn [1]. There are associated autonomic signs 
which include: drooping of the eyelid (ptosis), redness of the cheek or eye, pupil 
constriction (meiosis) and nasal congestion. The presence of nasal congestion 
often leads patients to seek ENT opinions resulting in inappropriate ENT 
procedures.

The rest of this article will focus on updating the reader on cluster headaches as 
this is the most common form of TACs, the other forms of TACs are covered in 
previous papers aimed at dentists [2, 22].

11.5  Cluster Headaches

These are usually unilateral and located to around or above the eye (Fig. 11.1). 
The pain is severe and has a number of presentations such as burning, tightening 
or throbbing. The diagnostic criteria can also be seen in Table 11.2. They may 
also be further classified into being episodic or chronic in nature. If the patient 
experiences multiple episodes of cluster headaches with breaks of less than 
3 months, then they are classified as chronic. Triggering factors include alcohol, 
nitrate containing food, nitro-glycerine and strong odours such as pain or nail 
vanish [22].

The pain experienced by patients is often described as the worst pain they have 
ever experienced, and cluster headaches have been termed ‘suicidal headaches’ as 
patients have been known to develop suicidal thoughts [2]. Cluster headaches more 
commonly affect men and those who are over the age of 50 [6].

Interestingly, these patients most commonly seek help initially from dentists, and 
there are multiple studies which have found inappropriate treatment on patients in 
an attempt to relieve the pain of misdiagnosed TACs [1, 22].

11.5.1  Common Differential Diagnoses

• Odontogenic pain.
• Temporomandibular joint disorder.
• Trigeminal neuralgia.

Due to the episodic pattern of pain and areas commonly affected by TACs, they 
are often misdiagnosed as toothaches. During the attacks by themselves, pain has 
been known to be experienced in the teeth and jaw [22, 23]. The jaw pain experi-
enced may be confused with temporomandibular joint disorder.
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11.5.2  Treatment

Although the management of cluster headaches is out of the remit of general dental 
practitioners, it is useful that dentists are aware of the management. As with other 
types of headaches, the management of these patients is subdivided into prevention 
and acute management.

For acute management, the evidence supports subcutaneous or intranasal sumat-
riptan, intranasal zolmitriptan and oxygen [24]. For prevention, verapamil is most 
commonly used. Lithium, melatonin and topiramate may also be used, but the evi-
dence is more limited regarding their use [24, 25]. Whilst waiting for preventative 
treatment to work, prednisolone may be prescribed. Due to the side effects of ste-
roids, a unilateral greater occipital nerve block may be performed using either lido-
caine or methylprednisolone which has effects lasting up to 4 weeks [2, 24].

11.6  Sinister Headaches

Recent onset of a headache or sudden worsening of headache in a middle-aged 
patient is rare. If it is associated with sensory or motor neuropathy, nausea, loss of 
consciousness or other aberrant signs immediate referral to the patients’ general 
medical practitioner or advice to attend A&E is advised, as exclusion of ischaemic 
or haemorrhagic stroke and or neoplasia must be undertaken urgently. Exclusion of 
a recent history of head injury must be excluded and any patient with comorbid 
poorly controlled or undiagnosed hypertension may indicate a potential stroke risk.

11.6.1  Misdiagnosis

Common features of neurovascular pain which may mimic odontogenic and com-
plicate diagnosis include [26]:

• A deep, throbbing, spontaneous pain which may last up to a few days and be 
pulsatile in nature may be experienced, similar to how pulpal pain is described.

• The pain is predominantly unilateral.
• Headache is often accompanied by a toothache.
• Periodic and recurrent nature of pain.
• Some autonomic signs may bear a resemblance to a dental abscess such as 

oedema of the eyelids.

11.7  Differentiating Between Neurovascular 
and Odontogenic Pain

There are a number of ways in which the conditions described in this paper can be 
differentiated from odontogenic pain. Table 11.3 gives an overview of the differen-
tiating features between neurovascular and odontogenic pain to aid general dental 
practitioners in correct diagnosis [27].
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A good knowledge base of the signs and symptoms of primary headaches, as 
well as those related to odontogenic pain will allow an initial diagnosis from the 
pain history provided from the patient. Specifically, the way the patient describes 
the type of pain, the location of pain, the triggers of pain, the duration and frequency 
of the pain will all help form an initial diagnosis just from the patient’s history 
(Table  11.3). It is also imperative that the general dental practitioner establishes 
whether any autonomic features have also been experienced. This will be a key 
distinguishing factor supporting a neurovascular cause of pain. Secondary to this, a 
clinical examination supported with radiographs will allow dental pathology to be 
identified which will help dentists form a definitive diagnosis.

11.8  Conclusion

Headaches may present in various ways, and it is likely that these patients will pres-
ent to dentists, especially as the pain may be experienced in their teeth and jaws. 
Dentists have a responsibility to correctly diagnose pain in the head and neck region. 
If headaches are suspected an appropriate referral to an OFP service or neurology 
clinic is favoured as opposed to unnecessary irreversible dental treatment.

Acknowledgement Reproduced  with kind permission of the publishers of Dental Update, Mark 
Allen Dentistry Media Ltd.

Table 11.3 Differentiating between neurovascular and odontogenic pain [27]

Migraine
Tension-type 
headaches

Cluster 
headaches

Acute 
pulpal pain

Chronic 
pulpal 
pain

Periodontal 
pain

Pain Type Pulsating Pressing, 
Tightening, 
Non-pulsating

Orbital Throbbing, 
Aching

Tender, 
Aching

Tender, 
Aching

Pain 
severity

Moderate to 
severe

Mild to 
moderate

Severe Mild to 
severe

Mild Mild

Location Frontotemporal
Unilateral

Frontal
Bilateral

Orbital
Unilateral

Tooth
Unilateral

Tooth
Unilateral

Tooth,
Gingivae
Unilateral

Duration 4–72 h 30 min–7 days 15–
180 min

Seconds to 
daily

Constant Varies

Frequency 1/month 1–30/month 1–8/day Variable Daily Daily
Autonomic 
Features

Yes No Yes No No No

Triggers Stress, food, 
alcohol, 
hormones, lack 
of sleep

Stress, muscle 
tension

Alcohol, 
nitrates

Electrical 
or thermal 
stimulation, 
percussion 
of tooth

Varies Lateral 
pressure, 
apical 
pressure
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Rhinosinusitis Update

Claire Hopkins

Learning Objectives

• The reader may wonder as to why there is a chapter on rhinosinusitis for the 
dental team.

• Rhinosinusitis is common and often mimics dental and orofacial pain.
• Chronic pain in the sinuses, is more commonly caused by migraine than chronic 

rhinosinusitis.
• Caused by migraine in up to 90% of cases.
• The reader will learn about differential diagnosis of rhinosinusitis and how den-

tal disease may impact on sinus health.
• The reader will also be alerted to sinister signs and when to advise their patient 

to seek further care.

Rhinosinusitis is a common condition, affecting more than one in ten adults. This 
article will review current management strategies. While multi-factorial in aetiol-
ogy, odontogenic rhinosinusitis is an important subgroup that is often misdiagnosed 
and recalcitrant to management. Patients with rhinosinusitis often report facial pain, 
but when it is severe, and mismatched in severity to other sinonasal symptoms, 
facial migraine should be suspected. Finally, the risks of implantation in the setting 
of maxillary sinus mucosal thickening and the need for ENT referral in such cases 
will be discussed.
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12.1  Introduction

Rhinosinusitis is a condition of inflammation of the nose and paranasal sinuses. 
Rhinosinusitis is divided into acute and chronic forms. In acute rhinosinusitis (ARS) 
symptoms resolve within 12 weeks (although usually within 4 weeks) and often 
have an infective aetiology, while in chronic rhinosinusitis (CRS), symptoms last 
more than 12 weeks without complete resolution with multiple potential aetiolo-
gies, which may include inflammation, infection and obstruction of sinus ventila-
tion [1]. CRS is subcategorised into chronic rhinosinusitis with nasal polyps 
(CRSwNP) and without nasal polyps (CRSsNP), based on visualisation of polyps 
on rhinoscopy or endoscopy. In a worldwide population study, 10.9% of UK adults 
reported CRS symptoms [2].

12.2  Acute Rhinosinusitis

Acute rhinosinusitis is usually caused by a viral infection and is usually self- 
limiting. NICE guidance [3] advocates avoidance of antibiotic prescribing unless 
symptoms persists for more than 10 days, or if the patient has a high risk of com-
plications or is systemically very unwell. First choice antibiotics in such cases 
would be co-amoxiclav or doxycycline. A large number of high quality randomised 
trials support restricting usage of antibiotics [4]—although antibiotics can shorted 
resolution of the episode, only 1  in 20 benefits, while 1  in 8 will develop side 
effects of antibiotic treatment. Despite this evidence, ARS accounts for over 20% 
of antibiotic prescriptions, with antibiotics being issued in over 90% of consulta-
tions for ARS [5].

12.3  Chronic Rhinosinusitis

In contrast, most chronic rhinosinusitis (CRS) is associated with inflammation as 
the primary abnormality, with preservation of drainage pathways, although acute 
infective exacerbations may occur. It is thought that the persistent inflammation 
found in CRS is due to a dysfunctional host–environment, with abnormal responses 
of the mucosa to a wide variety of microbes and irritants. Targeting inflammation is 
therefore central to treatment options, rather than targeting the microbes or simple 
drainage procedures. This is reflected in the move away from antibiotic treatment in 
chronic disease. CRS has been shown to have significant impact on quality of life 
(QOL) with symptoms such as nasal obstruction, nasal discharge, facial pain, anos-
mia and sleep disturbance.

Diagnosis of CRS is made by the presence of two or more persistent symptoms 
for at least 12 weeks without complete resolution, one of which should be nasal 
congestion/obstruction/nasal discharge and/or facial pain/pressure /headache or 
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loss/reduction in smell. Symptoms must be accompanied by endoscopic evidence of 
mucoprulent secretions, polyps or oedema or radiological evidence of disease, as a 
symptom-based diagnosis alone has high sensitivity but poor specificity—only 50% 
meeting the symptom-based definition have supporting objective signs of dis-
ease [6].

First-line treatment in CRS usually includes a trial of intranasal corticosteroids 
(INCS) and saline irrigation. INCS have been shown to be effective in a large num-
ber of randomised trials, with a low incidence of adverse effects [7]. This treatment 
is the same for both CRS with and without polyps although steroid drops may be 
considered for patients with polyps to help achieve better nasal entry. Patients 
should be advised that steroid sprays work best when used regularly and do not 
perform well imply as a rescue medication. It is important that compliance is 
encouraged. Daily large volume saline irrigation should be recommended [8], and a 
number of positive pressure squeeze bottles or irrigations jugs are available 
commercially.

Antibiotics are not recommended for routine management of CRS, except in the 
setting of an acute exacerbation. Patients with CRS often receive multiple courses 
of oral antibiotics that may increase risk of antibiotic resistance. There is little 
evidence for any benefit of short-term oral antibiotics in CRS. There is weak evi-
dence for the use of a 12-week course of a low-dose macrolide [9], in highly 
selected patients with CRSsNP, although there is a small risk of cardiac toxic-
ity [10].

Patients who fail to achieve sufficient symptomatic control with medical treat-
ment may be considered for surgery. Surgical intervention typically involves endo-
scopic sinus surgery to open and ventilate sinuses, restore normal mucociliary 
functioning and improve access to topical steroids (see Fig.  12.1). ‘Functional’ 
endoscopic surgery focuses on opening the ostiomeatal complex, and the key drain-
age pathway of the maxillary, anterior ethmoid and frontal sinuses in the middle 
meatus. Inferior meatal antrostomies and sinus wash-outs are no longer performed 
as they do not improve mucociliary drainage. In more extensive sinus disease, or in 
the presence of tumours, extended procedures may be undertaken, including com-
plete ethmoidectomy, sphenoidotomy, medial maxillectomy and median drainage 
of the frontal sinuses. Use of navigation systems may facilitate surgical dissection 
in the setting of complex anatomical variations or revision cases. Nasal polyp 
removal, surgery to manage underlying nasal abnormalities such as septal deviation 
or turbinate hypertrophy may also be performed. Studies have shown greater bene-
fits in surgery performed at an early stage in the disease process [11]. Currently, 
commissioning restrictions and delays in primary care result in 50% patients who 
currently undergo endoscopic sinus surgery waiting for more than 5 years from the 
onset of symptoms of CRS, potentially missing the window of greatest benefit. 
Although up to 15% of patients with CRSwNP require revision surgery over a 
5-year period, surgery improves the effectiveness of ongoing topical therapy and 
achieves significant improvements in disease-related quality of life that is main-
tained long term [12].

12 Rhinosinusitis Update



156

12.4  Facial Pain and Rhinosinusitis

Facial pain is reported by 50% patients with CRS, but is infrequently severe and 
usually mirrors the severity of other nasal symptoms. When pain is severe, and the 
main presenting symptom, then a careful history for migraines should be taken, and 
key features of the pain should be elicited. Indeed, facial pain, particularly if 
reported as ‘throbbing ‘or associated with light sensitivity, has a significant negative 

Fig. 12.1 Preoperative CT and endoscopy images shown on the left. The cleft between the free 
posterior margin of the uncinate process, marked in blue on the CT and outlined in blue on the 
endoscopy image below, and the ethmoid bulla (*) is known as the hiatus semilunaris, and key to 
the drainage of the anterior ethmoid, maxillary and frontal sinuses. This common drainage path-
way is called the ostiomeatal complex. During functional endoscopic sinus surgery, the uncinate is 
removed along its anterior margin (marked in yellow) to expose the maxillary sinus ostium and the 
ethmoidal bulla and partitions are removed to remove any obstruction to sinus drainage and allow 
topical access to the sinuses. On the right, the postoperative CT shows the widely opened sinus 
cavities; on the endoscopic image, the frontal recess (F) skull base and maxillary sinuses 
are exposed
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predictive value in diagnosing CRS; its presence makes CRS LESS likely [13]. This 
is also found when there is a mismatch in the severity of facial pain and aural full-
ness compared with the overall severity of nasal symptoms [14], or a mismatch in 
the severity of symptoms and endoscopy and radiological scores [15].

Facial migraine is commonly misdiagnosed by both patients and physicians as 
chronic or recurrent acute rhinosinusitis; it typically presents with severe pain over the 
paranasal sinuses and is often associated with tenderness over the glabellar area and may 
be accompanied by congestion and clear rhinorrhoea. Pain is usually intermittent, but 
episodes can be frequently and are often exacerbated by overuse of codeine analgesia. 
Often patients are given repeated courses of antibiotics, but with limited effectiveness. 
Of patients who met IHS criteria for migraines, 84% of patients reported sinus pressure, 
82% reported pain in the sinus areas, 63% reported nasal congestion and 40% reported 
rhinorrhoea at the time of their initial consultation [16]—it is therefore easy to under-
stand why the symptoms are thought to arise in the sinuses. Vasodilation, occurring as a 
downstream effect of migraines may cause sinonasal symptoms, may be relieved by use 
of decongestants, thereby falsely re-affirming the diagnosis of sinogenic headache [17]. 
In a large series of nearly 3000 patients with self-diagnosed sinus headache, 88% were 
found to have migraine and 8% tension headaches [18]; most had bifrontal and bimaxil-
lary pain [18]. In another study, 58% of patients with self-diagnosed sinus headache 
who had negative CT and endoscopy were found to have migraine [19].

Mehle et al. observed, in a cohort of 35 patients affected by self-referred ‘sinus 
headache’ that 74.3% satisfied International Headache Society (IHS) criteria for 
migraine [20]; interestingly, the sinus radiological score (measured using a Lund- 
Mackay scale) did not differentiate between migrainous and non-migrainous head-
aches, with mild mucosal thickening and anatomical variants being also found in 
migraineurs. This highlights one of the diagnostic challenges; a limitation of CT 
imaging is that abnormalities are found in up to 39% asymptomatic patients, and the 
mean Lund-Mackay score in a normal population is 4 [21]. CT changes alone there-
fore have limited specificity and should be viewed in association with presenting 
symptoms (see Table 12.1 for the HIS criteria for rhinogenic headaches).

Recurrent acute rhinosinusitis is actually very rare, and facial migraine should 
certainly be considered in the setting of frequent intermittent episodes of facial pain 
in the absence of mucopurulent discharge. Often, endoscopy or a CT scan per-
formed during an acute episode is required to differentiate between the two, as 
imaging performed in between episodes. In one study of patients referred to tertiary 
care thought to be having recurrent episodes of ARS, CT performed at baseline was 
normal at baseline and remained so when repeated the time of an acute episode, 
excluding recurrent ARS in 96% [22]. 47% were ultimately diagnosed with rhinitis, 
37% with migraine and 12.5% with otherwise unspecified facial pain. Correct and 
early diagnosis of migrainous headache is important, both to achieve adequate 
symptom control and to avoid unnecessary and often repeated courses of medical, 
and sometimes surgical, treatment. One patient referred to my practice with ‘recal-
citrant recurrent acute sinusitis’ had undergone seven sinus procedures despite no 
evidence of mucosal thickening or other radiological signs of CRS, but made an 
excellent response to treatment for facial migraine.
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Within specialist clinics, ‘upfront’ CT should be considered in patients with neg-
ative endoscopy before prescribing ‘maximal medical therapy’ and reinforcing a 
diagnosis of sinus disease [23]. Primary care and dental practitioners should simi-
larly avoid reinforcing patient perceptions of a sinogenic headache unless there is 
clear supporting evidence on examination or radiology.

12.5  Odontogenic Sinusitis

Odontogenic sinusitis, where a dental origin is identified clinically, radiologically, 
or suggested by anaerobic predominance on culture, may present as an acute or 
chronic picture. It is estimated that 10% of all sinusitis cases have an odontogenic 
cause and up to 40% of recalcitrant maxillary sinusitis cases [24, 25]. The incidence 
of odontogenic sinusitis appears to be increasing [26], possibly related to the rising 
rates of dental implantation [27]. Only 50% of patients have a history of previous 
dental surgery or known periapical disease [28], and as dental pain is often absent, 
odontogenic disease may present directly to ENT, where the diagnosis can be easily 
missed [29]. Foul-smelling unilateral mucopurulent nasal discharge should raise 
suspicion of an odontogenic sinusitis. Facial pain and pressure, nasal obstruction 
and post-nasal drip may also be reported.

Table 12.1 Diagnostic criteria for headache attributed to rhinosinusitis. Headache Classification 
Committee of the International Headache Society (IHS), the International Classification of 
Headache Disorders. third edition. Cephalalgia 2018;38:1–211

Attributed to acute rhinosinusitis Attributed to chronic or recurring rhinosinusitis
A. Any headache fulfilling criterion C A. Any headache fulfilling criterion C
B. Clinical, nasal endoscopic and/or 
imaging evidence of acute rhinosinusitis

B. Clinical, nasal endoscopic and/or imaging 
evidence of current or past infection or other 
inflammatory process within the paranasal sinuses

C. Evidence of causation demonstrated by 
at least 2 of the following:
   1. Headache is developed in temporal 

relation to the onset of rhinosinusitis
   2. Either or both of the following:
    (a)  Headache as significantly 

worsened in parallel with 
worsening of the rhinosinusitis

    (b)  Headache as significantly 
improved or resolved in parallel 
with improvement in or resolution 
of the rhinosinusitis

   3. Headache is exacerbated by pressure 
applied over the paranasal sinuses

   4. In the case of unilateral rhinosinusitis, 
headache is localised and ipsilateral to it

C. Evidence of causation demonstrated by at least 
2 of the following:
   1. Headache as developed in temporal relation 

to the onset of chronic rhinosinusitis;
   2. Headache waxes and wanes in parallel with 

the degree of sinus congestion and other 
symptoms of the chronic rhinosinusitis;

   3. Headache is exacerbated by pressure applied 
over the paranasal sinuses;

   4. In the case of unilateral rhinosinusitis, 
headache is localised and ipsilateral to it.

D. Not better accounted for/by another 
ICHD-III diagnosis

D. Not better accounted for/by another ICHD-III 
diagnosis

C. Hopkins



159

Anterior rhinoscopy and endoscopy, which may reveal mucopurulence and 
oedema in the middle meatus, and dental examination, are helpful in making the 
diagnosis but radiological imaging is essential. CT is considered the gold standard 
(Fig. 12.2), as high rates of false negatives are reported with periapical radiography 
[30]. Ideally if CBCT is used, the field of view should include the ostiomeatal com-
plex, the drainage pathway of the maxillary sinus found in the superomedial aspect 
of the sinus.

Anaerobic streptococci, Gram-negative bacilli and enterobacteriae are the most 
commonly isolated microbes [31] although infections are usually polymicrobial.

Initial medical management should include nasal decongestants and appropriate 
broad-spectrum antibiotics, such as co-amoxiclav or clindamycin. The dental origin 
should be addressed. While may patients will settle with conservative management, 
sinus surgery will likely be required in up to 50% of cases [32]; this is more likely 
if there is a history of preceding dental procedure (particularly implantation) or if 
there is obstruction to the drainage of the maxillary sinus.

12.6  Management of the Sinuses Prior 
to Dental Implantation

No doubt driven by wish to avoid iatrogenic odontogenic sinusitis, an increasing 
number of patients appear to being referred to the NHS to investigate incidental 
findings in the maxillary sinus found on CBCT prior to implantation.

Fig. 12.2 Odontogenic 
sinusitis periapical lucency 
and extensive opacification 
of the ipsilateral sinuses. 
The patient developed 
orbital cellulitis and an 
extradural collection 
secondary to the 
odontogenic infection
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There are currently few published studies upon which to guide management in 
such cases although the British Rhinological Society are in the process of develop-
ing a consensus document.

One of the most common incidental findings is a mucosal retention cyst 
(Fig. 12.3); these are found in a third of CT scans performed for non-rhinological 
conditions are not a manifestation of rhinosinusitis [33]. They are rarely symptom-
atic and have a high recurrence rate after marsupialisation, and therefore treatment 
is not required.

Mucosal thickening is also common in the absence of sinus disease. A study of 
patients undergoing sinus imaging for non-sinusitis causes found that only 25% had 
no mucosal thickening, with a mean Lund-Mackay score (a staging system that 
quantifies the amount of mucosal thickening on a scale of 0–24) of 4.26 [34]. Dental 
literature defines rhinosinusitis based on radiological thickening of the mucosa of 
>2mm [35], but this definition has poor specificity and will include many healthy 
asymptomatic patients.

The presence of mucosal thickening on CT has been shown to not affect the suc-
cess of dental implants. In one study, with strict inclusion criteria, 29 CBCT scans 
being evaluated prior to dental implantation. Of these, 6.9% had minimal thickening 
(1–2 mm), 20.7% of cases had moderate thickening (2–5 mm) and 65.5% had severe 
thickening (>5 mm). There was a 100% success rate of the implants with no loss of 
implantation or infection [36]. This is also supported by a study by Jungner et al. in 
2014, whereby radiographic signs of sinus pathology, opacification, polyp-like struc-
tures, and thickening of the sinus membrane, were not correlated to implant survival 
[37]. A key feature is whether the drainage pathway of the maxillary sinus, the ostio-
meatal complex is patent; this should be included in the field of view on cone beam 
imaging if rhinosinusitis is suspected. If the drainage pathway is unobstructed, there 
is only mild mucosal thickening and if the patient is asymptomatic, there is no need 
for ENT assessment. In all other cases, onward ENT referral should be made, with 

Fig. 12.3 Right-sided 
maxillary mucous 
retention cyst
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transfer of the appropriate imaging. As NHS systems are often are unable to open 
CDs or import images, it can be helpful to ask the patient to take pictures of relevant 
images on their smartphone. A treatment algorithm is proposed in Fig. 12.4.

12.7  Conclusions

Rhinosinusitis is a common chronic condition requiring early, correct diagnosis, 
medical management and at times surgical intervention. Radiological imaging may 
be required to distinguish between facial migraine in the setting of normal endoscopy.

Severe facial pain is an uncommon feature of chronic rhinosinusitis and should 
prompt consideration of neuropathic causes.

Odontogenic sinusitis should be considered with unilateral rhinosinusitis, and 
expedient management of the dental cause will result in resolution in over 50% 
of cases.

Mild mucosal thickening and mucous retention cysts in the maxillary sinus are 
not contraindications to dental implantation, but ENT assessment is advised if the 
sinus drainage is obstructed.

Acknowledgement Reproduced  with kind permission of the publishers of Dental Update, Mark 
Allen Dentistry Media Ltd.

No pathology

Maxillary sinus imaging

OMC included? Increase FOV to allow
assessment of OMC patency

Ostrium patent, <6mm
MT
or Maxillary retention
cyst

Ostrium obstructed or
>5mm MT

Symptoms of CRS; nasal
obstruction, discharge,
change in sense of
smell, facial pain

NO

No need for ENT referral ENT referral - send copy of
images or patient to screen shot
multiple coronal images

YES

Fig. 12.4 Management algorithm for mucosal thickening discovered during pre-implantation 
planning
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