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EDITORIAL

The Journal -  A new chapter, new ideas

A new millennium dawns. A new era begins. As 
we awaken to this new era we feel that it is time 
to turn a new page to start a new chapter Our 
eves scan through the pages filled; the chapters 
completed. A spirited past is represented in those 
pages completed. The unwritten words, pages and 
chapters yet to be completed flash through the 
mind.....
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With this issue we begin the volume 29 of the Sri 
Lanka Dental Journal. At this juncture, with the 
new millennium in our minds we feel excited and 
challenged by those umvritten pages and the 
unpublished volumes ahead. Dentistry is advancing 
at a dazzling rate and so is technology. The journal 
needs to keep pace with these advances.

Reminiscence shows that the SLDJ has seen many 
changes during the 28 years of its existence. This 
issues sees more changes -  a new cover design, a 
new format are some of them.

Over the years the journal has developed into a 
useful vehicle for keeping the dental profession 
abreast of the new advancements in the field of 
dentistry. There is much enthusiasm to further 
develop its continuing educational role. The 
members of the Editorial Committee have had a 
long-tenn commitment towards achieving this goal. 
Leading articles on current interests and 
comprehensive review articles are published in 
parallel with original research articles to strengthen 
the journal's educational activities.
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Let me take this opportunity to thank one specific 
group of individuals engaged in the scientific 
publishing process -  the referees.In anonymity 
they play a silent role; but the success of a scientific 
publication is owed to the painstaking effort they 
take to review these articles. While performing an 
invaluable service to the Journal, these peer 
reviewers provide an enormous service to the 
authors by helping them to improve their articles.

The SLDJ has seen many changes in response to 
the needs of the readers and is determined to keep 
the profession apprised of all critical and current 
developments related to dentistry. Your duty is to 
continue to write timely research articles and other . 
relevant pieces on current issues related to dentistrx 
to fill the pages of those unpublished volumes.

Deepthi Nanayakkara 
Editor
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Chronic Neuropathic Orofacial Pain
A.W Ranasinghe

Department o f Ora! Medicine, Faculty o f Dental Sciences, University ofPeradeniya.

( LEADING ARTICLE ^

“ We must all die.
But that I  can save hint from  days o f  torture, 
that is what I  fee l as my great and ever new 
privilege.
Pain is a more terrible lord o f mankind 
than even death himself. ”

Albert Schweizer (1875-1965)

Since antiquity dental surgeons have been entrusted 
with the task of managing patients with acute orofacial 
pain usually caused by infections. With the invention 
of antibiotics, clinicians have dealt this problem 
successfully. However, during the past two decades, 
the dental surgeon in general and the oral medicine 
specialist in particular, has faced the problem of 
dealing with patients who are affected by Chronic 
Orofacial Pain, where the aetiology is obscure, 
pathophysiology is poorly understood and the 
response to therapy is refractory in most occasions or 
resistant in some instances. Chronic pain is not 
unique to orofacial region but also affects the rest of 
the human body. These challenges forced clinicians 
to look at chronic pain as a specific disorder rather 
than a mere symptom and this led to the development 
of pain management protocols using the expertise 
drawn from different fields of medicine and dentistry. 
With the increase in life expectancy of human beings 
during tire last two decades, due to advances in medical 
sciences, the number of patients seeking treatment 
with chronic pain disorders has also increased.

For an individual. Acute Pain becomes an Event 
where as Chronic Pain becomes a Situation. Acute 
pain is short lived, has a protective function, and could 
be easily diagnosed and treated. On the other hand 
when one considers chronic pain, its outcome is 
unpredictable, the condition becomes progressively 
worse, creates a feeling of hopelessness, dominates 
patient’s life and at times destroying the will to live. 
On occasions intractable chronic pain can lead to

death by suicide. Therefore, understanding the 
pathophysiological basis of chronic pain including the 
management strategies is of vital importance to the 
modern clinician who is bound to face such challenges 
in the future.

Pain is the end result of a biological as well as a 
neurochem ical process and to a ce rta in  extent 
influenced by Mind. When one considers disorders 
resulting acute pain, organ pathology is readily 
detectable and upon treatment both pain and the 
pathology of the affected organ often disappear. 
However, disorders that give rise to chronic pain, the 
pathology is not always evident and pain is the end 
product of a combination of factors influenced to a 
large extent by emotional and social factors of the 
sufferer. On the other hand chronic pain may be viewed 
as a signal indicating pathology of an organ system or 
a dysfunction of impulse conduction/interpretation/ 
cognition or a combination of all or some of these 
processes.

Neuroanatomical aspects of pain transmission

The perception of pain involves activation of sensory- 
receptors, transmission of impulses through sensory 
nerves, modulation, both facilitatory and/or inhibitory 
at the level of spinal cord, mid brain reticular formation 
and thalamus and finally perception both at cortical 
and subcortical level. In numerous studies it has been 
shown that unmyelinated C fibres and small myelinated 
A delta fibres are prim arily responsible for the 
transmission of pain sensations. Myelinated. A delta 
fibres transmit impulses quickly and carry', the so 
called, “ first pain “ sensations which are sharp and 
well localized. However, nonmyelinated C fibres 
conduct impulses slowly and carry' “ second pain” 
sensations, which are defused, burning, throbbing and 
aching in nature.

Impulses transmitted through these two main type of
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fibres enter the dorsal horn of the spinal cord. The 
gray matter of the spinal cord at this level has been 
organised into 9 anatomical sites, called laminae, 
where each lamina has specific characteristics or 
properties. Therefore, one would look at the laminae 
organization both from an anatom ical and a 
physiological point of view. The laminae I through V 
play a significant role in the transmission of pain. 
Studies have shown that cells in lamina I are 
predominantly excited by noxious mechanical and 
thermal stimuli. Physiologically, laminae II and III 
are considered as substantia gelatinosa. which have 
inhibitory influences on transmission of noxious 
stimuli. In experimental animals it has been shown 
that cells in the lamina IV can become spontaneously 
active in addition to getting excited by mild stimuli, 
e.g., like hair movement, touch and non-noxious 
cooling of the skin. Since most of these cells have a 
property to fire at a constant rate, irrespective of the 
strength of the stimuli, they are called small-dynamic 
range (SDR) cells. The cells of lamina V have a 
wider and a larger receptive field in comparison to 
the cells of lamina IV. The firing rate of lamina V 
cells increases with the intensity of the stimuli, hence 
they are referred to as wide-dynamic range (WDR) 
cells. Cells of lamina VI respond to touch, pressure 
and joint movement.

In animals, an electrical potential called dorsal root 
potential could be recorded by placing an electrode at 
the proximal cut end of the nerve rootlets when they 
are severed from the spinal cord. This potential is 
produced due to intrinsic activity of dorsal horn 
neurons and their magnitude varies with the type of 
rootlet stimulated. Presence of this differential potential 
at the rootlets led Melzack and Wall (1965) to propose 
the existence of a bias in the dorsal horn region that 
can act as a controlling mechanism for transmission 
of impulses along the spinal cord. Today this theory is 
popularly known as the Gate Control Theory. The 
reader is requested to refer additional texts to obtain 
further details of this remarkable theory.

Pain information coming to the spinal cord ascend 
along the central nervous system through a dual 
spinothalamic system: a phytogenetically older,

paleospinothalamic pathway, located medially, and a 
relatively younger, neospinothalamic pathway, located 
more laterally in the spinal cord, both finally ending 
up in the thalamus. The paleospinothalamic system 
transmits pain that is dull in character and poorly 
localised. The neospinothalamic system carries 
discrete, sharp and well localised pain messages. The 
two systems taken together are referred to as the 
anterolateral column. Both these pathways send 
collaterals to synapse with the neurons of the reticular 
formation and other important areas of the pons and 
midbrain e.g. pontine nuclei of the Subcerelus, 
Periaqueductal Gray ( PAG ). From the thalamus 
pain sensations are transmitted to somatosensoiy areas 
of the post central gyms and the post parietal area of 
the cortex. (Prithivi Raj. 1992: Okeson. 1996: Guyton 
and Hall. 1998).

Neurophysiological aspects o f  spinal ancl 
supra-spinal m echanism s o f  pa in  transmission

In tissue damage, a barrage of afferent impulses are 
transmitted to the spinal cord/ medulla from sensitized 
nociceptors. This will result in the liberation of various 
neuro- transmitters, e.g. substance P, calcitonin gene 
related peptide, glutamate, nerve growth factor, 
somatostatin, which are responsible for modulating 
nociceptive inputs. A dm inistration of these 
neurotransmitters to experimental animals produced 
pain like behavior, while the adm inistration of 
antagonists of these substances reversed such behavior. 
A constant bombardment of nociceptive impulses 
commonly occurs in chronic pain disorders which 
results in excess production of neurotransmitters 
causing hypersensitization of afferent neurons. When 
this occurs even non-noxious stimuli can be 
transmitted along these hypersensitized nerves causing 
pain to the subject. This exaggerated pain response 
to non-noxious stimuli has been termed primary 
hyperalgesia.

Recent studies have focused attention on ionotropic 
glutamate receptors which are widely distributed in 
central as well as in the peripheral nervous system 
(Zahn et al., 1998).
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They are subdivided into two main groups, namely N- 
methyl D-aspartate (NMDA) receptors and non- 
NMDA receptors. Both these receptors are located in 
the presynaptic terminals of the fine diameter 
nociceptors of the dorsal Itorn cells and release an 
important neurotransmittcr called Substance P which 
facilitates and promotes the transm ission of 
noiciceptive impulses. In addition, the activation of 
NMDA receptors located in the postsynaptic terminals 
results in the production of NO, (nitric oxide), which 
in turn enhances the release of Substance P at the 
presynaptic terminals facilitating the development of 
hyperalgesia. There are several clinical studies which 
suggest the efficacy of NMDA antagonists, e.g. 
ketamine and magnesium chloride, in managing pain 
associated with neuropathy . phantom limb and 
ischaemia. However, there are other studies that have 
shown the ineffectiveness of NMDA receptor 
antagonist in controlling chronic pain. Nevertheless, 
in these instances non-NMDA antagonists have been 
shown to be effective in controlling pain ( Zahn et al, 
1998). Compared to NMDA receptor function, non- 
NMDA receptor function is poorly understood. There 
appears to be 4 different genes that encode for the 
non-NMDA receptor ( AMPA) subunits. Drugs that 
selectively down regulate these genes may provide pain 
relief to those conditions which show resistance to 
NMDA antagonists.

It has been known for a long time that stimulation of 
certain supra spinal sites produces marked analgesia. 
However, the more effective stimulatory sites to 
produce analgesia were found in the brain stem. e.g. 
Periaquiductal Gray ( PAG). Pontine Locus Coeruleus 
and Rostral Ventromedial Medulla ( RVM ). In 
addition, these sites are also recognised as important 
components of the endogenous pain inhibitory system. 
Most of the PAG efferents project to RVM, which in 
turn sends bilateral projections to be terminated at the 
spinal dorsal horns. PAG contains high levels of 
endogenous opioid peptides and receptors, which are 
activated by various environmental factors resulting 
in stress induced analgesia, possibly via secretion of 
beta endorphins, thus activating the pain inhibitory 
system. Importance of PAG in the descending pain 
inhibitory system has been evident in instances where 
systemically administered opioids become ineffective 
in subjects who have supra-spinal lesions.

Just as PAG lesions interrupt descending inhibitory 
pathways, lesions in the RVM too block the analgesia 
possibly through similar mechanisms.

Recent studies have shown that stimulation of certain 
supra spinal regions, e.g. PAG. RVM. also causes 
facilitation of descending nociceceptive transmission. 
These opposing influences, i.e. facilitatory and 
inhibitory, are mediated by independent systems 
located in these regions. These appear to be 
anatom ically , pharm aco log ically  and
physiologically distinct. Using anim al models 
developed to demonstrate visceral hy peralgesia, it has 
been observed that activation of descending facilitatory 
system involve stimulation ofNMDA and neurotensin 
receptors resulting in the production of NO in RVM. 
Hyperalgesia, induced by stimulating descending 
facilitatory' sites, usually involves even the tissues 
surrounding the area of injury. However, at times it 
can also extend to distant regions from the original 
location of the injury. Such pain is described as 
secondary' hyperalgesia where pain is experienced in 
tissues distant to the primary site of injury in contrast 
to primary hyperalgesia where pain is experienced only 
in relation to the site of injury'. In primary hyperalgesia, 
there is a prim ary derangem ent o f periphera l 
mechanisms whereas in secondary hyperalgesia there 
is derangement of the central mechanisms resulting 
in alteration of impulse processing at the central level. 
This phenomenon is also called neuroplasticity. Since 
the mechanisms involved in these two conditions are 
different, different therapeutic approaches will have 
to be used in managing patients who suffer from these 
two conditions (Bchbchani. 1992: Guyton and Hall. 
1998; Urban and Gibhart. 1999).

C hronic orofacial pa in  disorders

Pain initiated or caused by a primary lesion or due to a 
dysfunction in the nervous system is described as 
neuropathic or neurogenous pain. It can represent a 
spectrum of neural changes, ranging from pure 
peripheral to pure central, including a group of patients 
where both components are affected. Peripheral neural 
aberrations can proceed to develop into central 
neuronal lesions. However, it is important to note that
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even' peripheral process need not progress to a central 
one. Similarly not all the pain disorders resulting from 
central lesions need to arise from a peripheral process. 
Okeson (1998) has proposed a classification for pain 
disorders at two levels or axes. One axis represents 
the physical factors, i.e., axis I, which is responsible 
for nociceptive inputs and the other i.e., axis II, 
represents psychological factors. In arriving at a 
diagnosis and planning a therapeutic regime, each of 
these two components will have to be evaluated 
carefully in order to assess the degree of contribution 
made by each component in producing the pain 
disorder.

Orofacial pain can be conveniently discussed under 6 
categories: intra-cranial disorders, extra-cranial 
disorders , neurovascular disorders, neuropathic 
disorders, musculoskeletal disorders and psychological 
disorders (Merrill 1997). In this paper attention will 
be focused only on neuropathic disorders. Furthermore, 
rather than engage in a detailed discussion of clinical 
features of each disorder, an attempt will be made to 
highlight the newer concepts of pathogenesis of pain 
and their implications on management of these 
disorders.

Post injury neuropathic pain

At the end of the American Civil War, some clinicians 
noted the development of sustained chronic pain in 
relation to injury sites among certain soldiers even 
long after the injuries were healed. This pain disorder 
was especially common when the casualties suffered 
partial nerve injuries particularly to large nerves like 
the sciatic or median. The nature of pain was burning 
in most instances and the pain was experienced in a 
wider area compared to the original size of the injury. 
A unique feature of this disorder is the presence of 
autonomic abnormalities of the affected skin. They 
include features suggestive of vasoconstriction/ 
vasodilatation, that vary from redness of the skin to 
cyanotic areas, piloerection, disturbance of sweating, 
atrophy of the skin and subcutaneous tissues to 
osteoporosis. In addition, motor disorders including 
inability to initiate movement, weakness, tremors, 
muscle spasms, dystonia and exaggerated reflexes were

also noted. In the past, this condition has been 
described under the term. Reflex Sympathetic 
Dystrophy (RSD). however, now it has been renamed 
as Complex Regional Pain Syndrome (CRPS). When 
pain and other features occur in the absence of nerve 
damage, it is called CRPS Type 1 when nerve damage 
is present it is referred to as and CRPS Type II .. Both 
these types can progress to a Type III at a later stage.

In CRPS Type I, there is severe burning pain, i.e.. 
hyperalgesia in the affected area which does not 
correspond to a nerve root. nerve, or dermatome and 
hence, described
as regional. In addition, these patients experience 
hypo/hyperhedrosis and disturbances of hair/nail 
growth along with the motor disturbances as out lined 
in the previous section. In CRPS Type II, the 
manifestations are similar to those of Type I. but in 
addition, marked dystrophic features of the integument 
have been noted. At this stage the pain spreads both 
regionally and proximally and the skin appears to have 
a cold cyanotic dusky hue. In Type III . the pain 
spreads further, involving contralateral extremities or 
downwards ipsilaterally involving the whole body. In 
addition, a range of emotional and behavioral 
abnormalities are also evident at this stage.

Extraction of teeth invariably results in severing 
periapical nerves. In addition, surgery involving 
periapical tissues and other parts of the oro-facial 
region can also produce nerve damage. Formation of 
artificial junctions between the fibers of efferent 
sympathetic and afferent sensory systems, at the site 
of injury, have been proposed as a possible mechanism 
of continuous pain and autonomic phenomena 
subsequent to sympathetic stimulation. Activation of 
low' threshold mechanoreceptors by sympathetic fibres 
have also been implicated in producing pain among 
this group of patients. Recent experiments have shown 
that follow'ing nerve damage, both myelinated as well 
as non-myelinated nerves are excited by sympathetic 
nerve stimulation or following intra arterial injection 
of norepinephrine. This is thought to be due to 
activation of newly expressed alpha-1-receptors of the 
peripheral term inals of the injured c-fibres, by 
norepinephrine. Similarly such receptors could be 
activated by norepinephrine, released following
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sympathetic stimulation. On the other hand when 
activated, alpha-2-receptors function as autoreceptors, 
preventing the release of norepinephrine. The pain 
reducing properties of clonidine in these patients could 
be explained on the basis of its agonist properties on 
alpha-2-receptors, which in turn prevent the release 
of norepinephrine.

Traumatic neuroma

A neuroma is a mass of nerve ending sprouts that 
originates from a nerve injury. In a neuroma, the end 
bulbs of the sectioned axons generate ectopic 
discharges. Neuromas are highly mechanosensitive 
structures producing paraesthesia and pain, usually 
burning type, upon application of pressure or light 
touch. Such pain persists even after the initial stimulus 
is withdrawn. Neuromas can function as a primary' 
generator of pain or induce changes in the trigeminal 
ganglion or the nucleus causing central changes which 
in turn promote descending facilitatory impulse 
transmission as described in a earlier section. 
Neuromas can also produce pain via sympathetic 
efferent mediation and mechanisms involved are 
discussed previously in this paper.

Atypical odontalgia

Atypical odontalgia can be described as a condition 
which gives rise to a severe throbbing pain in relation 
to a tooth where no pathology can be detected. Pain 
lasts more than four months and produces equivocal 
relief when a local anaesthetic block is administered. 
A similar pain pattern occurring at a site subsequent 
to an extraction of a tooth has been termed as phantom 
tooth pain. The other terms used to describe similar 
conditions include vascular toothache, dental causalgia 
and atypical facial neuralgia. Any of the phenomena 
described under sympathetic mediated pain can evoke 
protracted painful episodes subsequent to trauma to 
the oro-facial region. Trauma include extractions and 
endodontic therapy.

When a clinician cannot find obvious pathology in 
relation to a chronic toothache, it is common practice 
to attribute the pain to psychological causes. From

the above account it should be obvious that this is not 
the case always. A reduction/abolition of chronic pain 
with the interference of sympathetic system or a denial 
of the access of adrenergic substances to their receptors, 
should alert the clinician to look into the possibility of 
the existence of a sympathetic mediated disorder In 
the oro-facial region this effect can be demonstrated 
by blocking the stellate ganglion by a local anaesthetic. 
The same effect could be obtained by blocking the 
adrenerg ic  neu ro tran sm itte r s ites by the drug 
pentolamine. Since sympathetic dysfunction is also 
associated with cold intolerance, this aspect of 
sympathetic mediated abnormality could be tested by 
applying acetone to the affected site of the patient! Perl. 
1993; Truelov. 1995; Merrill. 1997; Schwartzman 
and Maleki. 1999).

N euralgic disorders

According to the International Association for the 
Study of Pain, neuralgia has been defined as pain that 
occurs in the area of distribution of a nerve or nerves. 
Although in common usage, a paroxysmal nalure has 
been attributed to this term, neuralgic pain need not 
always be associated with this feature. In this section, 
the main emphasis will be focussed on two main 
conditions namely idiopathic trigeminal neuralgia and 
post herpetic neuralgia.

Idiopathic trigem inal neuralg ia

Pain associated with trigeminal neuralgia is described 
as electric shock/shooting type and occurs in bouts or 
paroxysms . A typical attack lasts only few seconds, 
initially restricted to a small area of the mouth/face 
but may extend to a larger area with time. Such a pain 
provoking area is called a trigger zone and a pain 
attack can be triggered by any interference with the 
trigger zone. In trigeminal neuralgia, pain is felt always 
in relation to one or more branches of the trigeminal 
nerve and remissions last from few days to several 
months. In addition to identifying the clinical features 
stated above, the clinician must also ensure the absence 
of any neurological abnormalities, i.e. abnormalities 
of cranial nerves or exaggerated reflexes, before 
arriving at a diagnosis of idiopathic trigem inal 
neuralgia.
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Both peripheral and central mechanisms have been 
implicated in producing pain associated with 
neuralgia. The most popular peripheral mechanism 
appears to be the compression of nerve root from an 
aberrant vessel located close to the nerve. MRI 
imaging has demonstrated the existence of a vessel/ 
nerve contact on affected sides in almost 100% of the 
sufferers compared to 76% of unaffected sides. 
Furthermore, in control subjects only 20% had 
evidence of such a contact. Sixty five percent of the 
sufferers demonstrated a deformation of the nerve in 
relation to the contact area of the vessel but such a 
feature was not evident in any of the cont rol subjects. 
Tortuous vascular architecture in relation to contact 
areas of the nerve appears to cause higher rates of 
recurrences among the affected individuals (Darlow 
etal., 1992). Central mechanisms involved in 
neuralgic patients vary from peripheral focal 
demyelination to loss of segmental inhibitory efferent 
activity. Damage to the myelin sheath of nerve fibers 
has been proposed as a factor producing neuralgic 
pain. The myelin sheath isolates the individual fibres 
of polymodal nerves which transmit different types 
of sensations i.e. pain and light touch. For example, 
if the myelin sheath of nerve fibers are disrupted, 
short circuiting could take place between fibers 
earning light touch sensations and pain sensations. 
In such a situation although pain is experienced by 
the affected individual, the actual stimulus for the pain 
experience is a sensation of light touch. Sufferers of 
multiple sclerosis, a condition causing demyelination 
of the nervous system, usually experience neuralgic 
type pain. It has also been suggested that due to 
degeneration of myelinated nerves, the ratio of these 
two nerve types, i.e., myelinated to nomnyelinated, is 
reduced. This change alters the central sensory 
processing due to changes in the spinal and brain stem 
gating mechanisms. Finally the hypersensitized 
trigem inal cen tra l relay sites resu lting  from 
demyelination may bring background neuronal 
activities of these sites to such magnitudes which the 
patients perceive as pain.

Loss of segmentary inhibition leads to paroxysmal 
stimulation and firin g  of low threshold  
mechanoreceptor inter-neurons located in the nucleus 
Oralis of the central trigeminal brainstem complex.

This activity in turn may spread to the wide dynamic 
range neurons in the nucleus Caudalis, which usually 
gets activated by noxious stimuli Therefore, an 
insignificant low threshold mechano-stimulation may 
eventually result in firing of WDR neurons, which 
would normally, be excited by noxious stimuli.

Pretrigeminal neuralgia is a condition where a patient 
is presented with a toothache, dull, continuous and 
aching in nature with long periods of remissions in 
between attacks. There is no pathology in relation to 
a tooth or to its surrounding tissues. Nevertheless, 
these patients are usually subjected to numerous and 
unnecessary dental procedures, eventually ending up 
in Oral Medicine clinics with a diagnosis of trigeminal 
neuralgia. It is possible that some of the early neural 
mechanisms involved in the pathogenesis of trigeminal 
neuralgia may also be operative in this condition but. 
data to this effect is not found in the literature.

Herpes zoster

Shingles or herpes zoster is thought to occur as a result 
of reactivation of varicella zoster virus, located dormant 
in the posterior root/cranial ganglion following an 
attack of chicken pox. Post herpetic neuralgia develops 
among 9 -  14% of the affected individuals and pain 
appears within 1 -  6 months after healing of initial 
lesions. The incidence, severity' and duration of post 
herpetic neuralgia increase with age. These patients 
typically have buming/shooting type pain which can 
appear as bouts or as a continuous process, often 
aggravated by cold weather or stress. The affected area 
appears hypopigmented with scarring and usually 
insensitive to pain or touch.

A wide range of degenerative changes in the spinal 
cord, dorsal root ganglia, nerve roots, and peripheral 
nerves have been described in patients with post
herpetic neuralgia. A plethora of clinical presentations 
observed in this condition points to multiple 
m echanism s operating in th is condition. 
Deafferentiation of dorsal horn cells, i.e.. cells that 
have lost peripheral sensory input, become 
hyperexcitable causing spontaneous firing overtime. 
In addition partial deafferentiated cells become 
disinhibited. Furthermore, a continuous barrage of
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nociceptive afferent impulses cause hyperexcitability 
of the central neurons of the affected individual as 
these nerves are in a ready state to fire even with a 
mild stimulus. Persistent local changes i.e.. nerve 
growth factor, can alter the excitability' of peripheral 
nerves and their spinal projections. Finally a damage 
to peripheral nerves may become subjected to excitation 
by sympathetic mechanisms as described previously 
in this paper. In herpes zoster, a higher proportion of 
large diameter fibres ( A delta fibres) undergo 
degeneration in comparison to the small diameter 
fibres ( C fibres), resulting in an absolute increase in 
the ratio of small fibres to large fibres. According to 
the gate control theory, if a barrage of impulses are 
transmitted via both these fibres, there is congestion 
of traffic at the entrance to the spinal cord, causing 
the gate to close. Such a change will interrupt the 
transmission of sensations. However, when a major 
proportion of large fibres are destroyed, as seen in 
herpes zoster, there will be no congestion of impulse 
traffic at the gate, hence the gate will be opened, 
facilitating transmission of impulses carried by C 
fibers. This may explain the basis ofburning sensation 
associated with zoster infection. It has also been 
observed that the severity of herpes zoster pain is more 
pronounced among old subjects compared to young 
ones. This is probably due to the presence of fewer 
larger fibres to start with in old individuals, as a part 
of aging process and the zoster infection causing 
further depletion of large fibers, resulting in an 
absolute reduction of this group of fibres (Zarzewska 
andPatsalos 1992; Danlowetal., 1992; Mohamedand 
Carr. 1994; Hansson, 1994; Truelove, 1995).

Painful peripheral neuropathies

Axonal damage appears to be the basic defect in this 
category' of disorders and clinical manifestations of 
affected individuals vary depending on the types of 
nerve fibers, i.e. small, large or mixed, that are affected. 
Under painful neuropathies, 3 broad groups of 
disorders have been identified: they are, systemic poly
neuropathies. mono-neuropathies and multifocal 
disease, eg: diabetes mellitus, in patients with chronic 
orofacial pain, the dental surgeon should be vigilant 
about such conditions. Increase responsiveness of wide 
dynamic range ( WDR) neurons to inputs of primary7

afferent nociceptors cause hypersensitivity of the 
former, facilitating firing of neurons in the spinal cord 
and higher sensory pathways. Neuropathic factors 
produced by tissue damage may upregulate gene 
expression, e.g. substance P. of afferent neurons. 
These gene products a re  responsib le  for 
hypersensitizing neurons, which in turn facilitate 
nociception. Since vasomotor and sudomotor changes 
are observed in certain painful neuropathies, clinicians 
have considered the possibility7 of the involvement of 
autonomic nervous system in these disorders, although 
sufficient evidence to this effect is lacking (Vaillancourt 
andLangevin, 1999 ).

Diagnosis

An accurate diagnosis is mandatory7 for the treatment 
of pathophysiologic mechanisms that trigger and 
maintain neuropathic pain. The nature, location, 
in tensity , quality, tim e course, re liev ing  and  
precipitating factors related to pain are some of the 
important and basic determinants a clinician has to 
consider in assessing patients with pain disorders. In 
add ition , the effects o f pa in  on physical and  
pscyhological function are two other im portant 
parameters to be considered. Neuroanatom ical 
distribution of pain and associated dysfunctions 
including motor disorders e.g. muscle weakness, 
atrophy or exaggerated/sluggish reflexes, should be 
noted. Since certain types of pain. e.g. neuralgic pain, 
can result from pressure effects on vital structures of 
the central nervous system, it is important at least to 
carry out a partial neurological examination in the first 
instance. If positive fin d in g s are ev iden t, a 
com prehensive neu ro log ical ex am in a tio n  or 
consultation is mandatory. It is also important to carry 
out a simple range of sensory tests, e.g. cotton wool 
swab for light touch, figure w riting  for tactile  
discrimination, pin prick for mechanically evoked pain 
and inserting a thread through a needle hole to assess 
proprioception (in the absence of trem ors ) to 
determine the other aspects of sensory abnormalities 
that occur in these conditions.

9



A.W Ranasinghe

A pain drawing map is a useful record to maintain 
since pain distribution patterns tend to vary on each 
visit of those individuals who are affected by 
psychological d isorders. A dm inistration of 
questionnaires to assess psychological status, for 
example the assessm ent o f anxiety status by 
Spieldburgers state/trait anxiety inventory, has been 
used in pain control clin ics in addition  to 
psychological/psychiatric assessment by the specialist 
concerned.

Noting down the clinical features associated with 
sympathetic abnormalities is important in assessing 
patients with post-traumatic neuropathic pain. In this 
regard, the measurement of skin temperature using 
skin sensors or thermography is important. As stated 
in an earlier section, blocking the sympathetic 
innervation of the affected area with a local anaesthetic 
agent, is a common practice to establish sympathetic 
mediated pain. However, these procedures are difficult 
to perform even in the hands of experienced 
anaesthetists, and at times the results can be non- 
conclusive. This is because even after a successful 
sympathetic block, catecholamines could reach the 
affected sites via systemic circulation. Therefore, 
prevention of catecholamines reaching the receptor site 
by blocking them using an intravenous adrenergic 
blocking agent, e.g. phentolamine. under control 
conditions, has become an important diagnostic 
strategy in establishing a diagnosis of sympathetic pain. 
Since these blocking agents can cause systemic effects, 
this test should be conducted with emergency 
anaesthetic support. In addition to the above, other 
investigative procedures like radiology, haematology' 
and clinical chemistry must be undertaken to exclude 
systemic and other non-neuropathic involvement 
associated with chronic pain.

Therapeutic m anagem ent

A single or combination of drugs can be employed in 
managing these patients along with other modalities, 
e.g. physical therapy, behavioral therapy', surgery, but 
this discussion will be restricted to drug therapy.

Anticonvulsants

Carbamazepine has been the drug of choice in 
managing patients with trigeminal neuralgia. It alters 
the ionic fluxes (Na. Ca. K) across the neural 
membranes which stabilizes them. Tliis action prevents 
initiation and spread of discharges along neurons. An 
initial low dose of 100 mg, twice a day up to a 
maximum of 1200 mg in divided doses can be used in 
controlling neuralgic pain. However, it should be noted 
that certain individuals do not tolerate high doses, 
particularly the old. due to side effects like ataxia, 
confusion, agitation and double vision. In these 
instances pain control could be achieved by reducing 
the carbam azepine dose and adding another 
anticonvulsant, e.g. phenyfoin sodium. Long term 
use of carbamazepine can give rise to aplastic anaemia 
and leukopenia requiring periodic haematological 
assessment.

Analogues of gamma aminobutyric acid (GABA), e.g. 
baclofen or clonazapam. which retard the release of 
presynaptic excitatory neurotransmitters are found to 
be effective in managing neuralgic patients. Baclofen 
can be given at a dose of 50 to 80 mg a day in divided 
doses. Some clin icians prefer baclofen over 
carbamazepine due to its fewer side effects ( Lynch 
1994). In patients where pain cannot be controlled by 
a drag regime it is pointless to continue this mode of 
therapy with all the intolerable side effects. In such 
situations other forms of therapy will have to be 
considered.

Local anaesthetics

If a patient presents with a severe neuralgic pain, a 
local anaesthetic agent like lignocaine or bupivacaine 
could be administered. With lignocaine pain free 
periods up to 12 to 24 hours could be achieved whereas 
with bupivacaine the patient will be free of pain for 
24 to 48 hours. In addition to nerve blocks, infiltration 
procedures, epidural and sympathetic blocks can be 
employed in managing chronic pain. The following 
statement made by a leading authority on pain control 
has amply illustrated this aspect. He said, quote " 1 
am so convinced o f  the efficacy o f  the procedure that 
I have had neural blockade as the sole treatment for

10
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my own case o f Herpes Zoster and for that o f my wife 
and one o f my siblings. ” -  Bonica (1990), unquote. 
The development of post herpetic neuralgia in patients 
with herpes zoster could be m inim ized by 
administering an antiviral drug like acyclovior at a 
dose of 200 mg 5 times a day over a period of 10 to 12 
days. This regime should be mandatory in old 
individuals affected with zoster infection since they 
are more susceptible to develop neuralgia.

Certain patients with peripheral neuropathic pain tend 
to have symptoms akin to disorders related to central 
sites, e.g. allodynia, pain due to a stimulus, which 
does not evoke pain or dysaesthesia, an unpleasant 
abnormal sensation whether spontaneous or evoked. 
However, in these instances, a peripheral local 
anaesthetic block often relieves pain along with 
symptoms related to central origin, indicating the 
importance of peripheral input in sustaining the pain 
of central origin. Systemic administration of lignocaine 
(1 -5  mg/kg/hr) has been tried in certain instances 
with some success in controlling pain associated with 
post-herpetic neuralgia and diabetic neuorpathy.

A n tidepressan ts

Tricyclic antidepressants, alone or in combination with 
anticonvulsants, are useful in managing chronic 
neuropathic orofacial pain. The analgesic effect of 
this group of drugs is due to their effects on 
noradrenaline and to a lesser effect on serotonin. 
Although these drugs have both adrenergic and 
serotogenic effects, analgesia appears to be mediated 
via adrenergic action. This is demonstrated by the fact 
that desipramine, a more specific noradrenergic 
reuptake inhibitor, is as effective as amitriptyline, a 
mixed noradrenergic and serotogenic reuptake blocker, 
in controlling neuropathic pain. Both these drugs are 
more effective than fluoxetine, a selective serotonin 
reuptake inhibitor (SSRI) in controlling chronic 
neuropathic pain. A nticholinergic effects of 
amitriptyline such as dry mouth, tachycardia, sedation 
and urine retention, limit its use on certain subjects. 
In such situations, desipramine or nortriptyline, less 
sedative antidepressants, could be employed more

successfully. All tricyclic antidepressants should be 
used with caution particularly with those who have 
cardiac conduction and ECG abnormalities. An ECG 
is recommended when this drug is prescribed at higher 
doses on individuals who are above 50 years of age. 
An initial dose of 10 mg at bed time with lOmg 
increments, up to a total dose of 75 mg a day in div ided 
doses, appears to be effective in managing the patients 
with chronic pain.

N -m ethyl-D-aspartate receptor an tagonist

As described in a previous section. it has been observ cd 
that the activation of NMD A receptors prom ote 
afferent sensory input. The NM DA antagonist, 
dextromethorphan, has been found to be effective in 
certain patients with diabetic neuropathy. Several other 
agents of this category, e.g. pentazocine, are being 
presently investigated in m anaging patients w ith 
neuropathic pain.

Narcotic analgesics

Opioid therapy in controlling neuorpathic pain has 
been controversial. Reduction of opioid receptors in 
the spinal cord dorsal horn subsequent to peripheral 
nerve injury may explain the relative insensitivity of 
opioids in controlling neuropathic pain. Peripheral 
nerve dam age can also induce syn thesis  o f  
cholecystokinin which exerts an opioid antagonist 
effect. Furthermore, side effects associated with these 
agents, particularly cognitive ones along with addictive 
properties have discouraged the clinicians to use 
opioids on long term basis. However, recent studies 
have shown that intravenous adm in istra tion  of 
morphine is effective in the treatment of post-herpetic 
neuralgia. In addition, few studies have shown the 
efficacy of opioids in controlling other types of 
neuropathic pain. Considering all the positive and 
negative factors connected with opioids, there appear 
to be no consensus of using these agents in managing 
patients with chronic pain. However, with careful 
monitoring, opioids may restore the functions of 
patients who otherwise might suffer considerable 
disability.
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Topical agents

These agents have become popular because they do 
not cause side effects as there is no systemic absorption. 
Topical application of local anaesthetic agents, 
lignocaine and prilocaine, emla cream, have been used 
to control neuropathic pain. Capsaicin, the active 
ingredient of hot chillies has been found to be effective 
in controlling pain in certain patients with post 
herpetic neuralgia and diabetic neuropathy. This agent 
depletes the substance P. which facilitates pain 
transmission along small afferent neurons. However, 
one of the drawbacks of this agent is its burning effect 
on skin, which is not tolerated by some patients. 
Aspirin, dissolved at a dose of 750-1500mg in 
20 -  30 ml of ether, has been effective in controlling 
pain arising from post herpetic neuralgia (Zakrzewska, 
andPatsalos. 1992; Lynch et al., 1994;Truelove. 1995; 
Scwartzman and Maleki, 1999).

Conclusion

From the above account the reader would have realised 
that the pathophysiological mechanisms involved in 
chronic pain are complex and a proper understanding 
of these mechanisms is essential in establishing an 
accurate diagnosis. Neural abnormalities, both at 
peripheral and central levels, and psychological factors 
can contribute to the initiation and sustenance of pain, 
in addition to producing a range of disabilities. The 
contribution made by each of these factor should have 
a major bearing in p lanning the management 
strategies, sometimes compelling the clinician to devise 
tailor made, patient specific treatment protocols. 
Finally, perhaps more importantly, the doctor who 
aspires to become a part of the pain management team 
must have a deep sense of humility' and develop 
qualities like compassion, patience and empathy in 
addition to mastering the science and art of healing 
including pain control.

“ The Great Life is one inspired by love and guided 
by knowledge “

Bertrand Russell
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Introduction
Suppression of yeast growth that persists following 
limited exposure to antifungal agents has been termed 
the postantifungal effect (PAPE). This is an offshoot 
of a new concept termed postantibiotic effect (PAE), 
that was introduced in relation to antibiotic use in the 
management of bacterial infections (Craig and 
Gudmundsson, 1996). It has to be emphasised that the 
PAFE arises due to prior exposure of yeast to 
antifungals for a short duration, rather than a 
continuous exposure for a longer period of time as in 
the case of MIC (minimum inhibitory concentration) 
determination. This is particularly the case in the oral 
cavity where topically administered drugs come into 
contact with the pathogens for a brief, transient period 
after which it is gradually removed from the active focus 
due to the constant diluting effect of saliva. 
Suppression of microbial growth is an inevitable 
accompaniment during tire PAFE period. However, what 
is more interesting and intriguing is the associated 
weakening of microbial virulence which may directly 
or indirectly influence the host-parasite relationship 
(Shibl et al., 1995). Thus, in clinical terms, the main 
significance of the PAFE is the impact that it may have 
on the characterisation of the dosage regimens (Craig 
and Gudmundsson, 1996). For instance, antifungal 
agents with longer PAFE could be administered 
(against the infective organism) with longer dosing 
intervals and vice versa, without loss of efficacy and 
with loner frequency of adverse effects (Turnidge et 
al., 1994).
Clinically, the goal with respect to treatment with 
antifungal agents is to maintain the drug concentration 
above the MIC for almost the entire dosing period 
(Scalarone etal., 1991). Therefore, in treating candidal 
infections it would be desirable if the clinicians could 
rely on, in vitro, susceptibility tests to obtain critical

information regarding antifungal dosage regimens. But,

as discussed above, there is a lack of universally 
accepted standardised procedures which provide 
treatment guidelines that correlate w'ell with the in vivo 
situation with regard to the most effective dosage 
regimen (Pfaller et al.. 1997). Furthermore, in determining 
MIC the fungi are continuously exposed to a constant 
level of the antifungal agent where as in vivo the 
organisms are exposed to fluctuating levels of the drug 
(Scalarone et al., 1992). This problem is further 
exacerbated in the oral environment due to the diluent 
effect of saliva and the cleansing effect of the oral 
musculature. Thus, the PAFE may be considered a 
relevant bench mark in deciding the dosage regimen of 
an antifungal which could be used in tandem with MIC 
values of the drug. The latter is the sole criterion 
currently used for this purpose.

The duration of the PAFE and even the presence or 
absence of the PAFE is influenced by a number of 
factors which essentially fall into three groups. These 
include the organism in question, the drug being tested 
and environmental factors which are summarised in 
Table 1 (Craig and Gudmundsson. 1996; Scalarone et 
al.. 1991; 1992;Tumidgeetal.. 1994).

O ral C andidosis

Candidosis is by far the commonest oral fungal infection 
in humans and manifests in a variety of clinical guises. 
The main reason for the high incidence of oral 
candidosis appears to be tire multiplicity of predisposing 
factors which aids and abets the conversion of the 
commensal Candida to a parasitic existence. For 
instance, it is known that a majority of elderlv denture 
w'earers, in the West suffer from Candida-associated 
denture stomatitis by virtue of the prostheses being 
constantly worn in the mouth (Budtz-Jorgensen. 1990; 
Samaranayake. 1990). Further, the advent of the human 
immunodeficiency virus (HIV) infection has resulted
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Table 1: Factors that effect the post antifungal effect (PAFE) of an antimycotic agent

Organism factors Drug factors Environmental factors

• Phenotypic and genotypic 
characteristics of the 
organism

• Inoculum size

• Growth phase of the 
organism at the time of 
exposure

• Mode of action of the drug

• Exposure time to the drug

• Concentration of the drug

• Combined use of 
antimicrobials

• Type of growth medium

• pH of the growth medium

• Incubating temperature

• Mechanical shaking of the 
culture

in a resurgence of oral candidal infections. Thus, it has 
been reported that more than 90% of HIV-infected 
individuals develop oral candidosis during some point 
of their disease and is by far the commonest oral 
manifestation in these patients (Arendorf et al., 1998; 
Feigaletal., 1991; Samaranayake and Holmstrup, 1989). 
These individuals, together with other compromised 
patient groups in the community, usage of broad- 
spectrum antibiotics apd corticosteroids, and common 
endocrine disorders such as diabetes mellitus have 
resulted in a resurgence of oral candidosis as a relatively 
common affliction (Samaranayake, 1990).

Yeasts which belong to the genus Candida  are 
imperfect unicellular dimorphic fungi which multiply, 
primarily by the production of buds from ovoid 
blastospores or blastoconidia; they also form hyphae 
and or pseudohyphae depending on the environmental 
conditions. In general 50 - 60 % of humans carry 
Candida in the oral cavity (Samaranayake and Larney, 
1988), although there may be some geographic variations 
(Sledgleyetal.. 1991).

C. albicans is the most common Candida species 
residing in the oral cavity both in health and disease 
and is by far tire commonest agent of most oral candidal 
infections (Samaranayake and McFarlane. 1990). All 
forms of oral candidoses are considered opportunistic, 
and hence the epithet '‘the disease of the diseased” 
given to this condition (Samaranayake and McFarlane,

1990). Perusal of recent literature reveals that oral 
manifestations of candidal infections could be many 
and varied. These range from oral thrush, erythematous 
variants, linear gingival erythema associated with HIV 
infection to median rhomboid glossitis possibly of multi
factorial origin (Table 2).

A n tifu n g a l agents

A  number of effective antifungal agents are available 
for the management of oral candidosis (Garber, 1994; 
Greenspan, 1994), and they are administered either 
topically or systemically (Table 3). These agents range 
from the classic polyenes (nystatin & amphotericin B) 
to the azole groups (clotrimazole, miconazole, 
ketoconazole. fluconazole & itraconazole).

Newer antifungal agents which are in the experimental 
and trial stages include amorolfme, natifine, terbinafine. 
tolaftate (McGinnis and Rinaldi, 1996). rilopirox (Braga 
etal., 1996), cilofungin. pradimycin (Samaranayake and 
Ferguson, 1994), voriconazole (Ruhnlce et al., 1997) and 
benanomicin A (Ohtsuka etal., 1997).

Despite the availability of such a multiplicity of agents, 
therapeutic failure is not uncommon (Samaranayake and 
McFarlane, 1987). In general, treatment of fungal 
infections is considerably more difficult than treatment 
of bacterial infections. Many fungal infections occur in 
the poorly vascularized tissues or avascular structures
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Table 2: Classification of oral candidosis as proposed by Axell et al., (1997).

Primary oral candidoses * Secondary oral candidoses

Acute forms
Pseudomembranous 
Erythematous 

Chronic forms 
Hyperplastic 

Nodular 
Plaque-like 

Erythematous 
Pseudomembranous 

Candida associated lesions 
Denture stomatitis 
Angular cheilitis 
Median rhomboid glossitis 

Keratinized primary lesions superinfected 
with Candida 

Leukoplakia 
Lichen planus 
Lupus erythematosus

Oral manifestations of systemic mucocutaneous 
candidosis as a result of diseases such as a 
thymic aplasia and candidosis endocrinopatlry 
syndrome

* Note: Candida may also contribute to the development of linear gingival erythema (LGE) and necrotising 
periodontal disease in HIV-infection.

such as the superficial layer of the mucosae, skin, nails 
and hair. Management of these poses a therapeutic 
problem due to the poor solubility', distribution and 
retention of adequate amounts of some of these drugs 
at the site of infection (Finch and Snyfier, 1996). In the 
case of the mouth, the diluent effect of saliva and the 
cleansing action of the oral musculature, in particular 
the tongue, often tend to reduce the availability- of the 
antifungal agents below the effective therapeutic 
concentrations (Martin, 1990). Further, Candida biofilms 
on oral and inert surfaces such as prostheses may also 
contribute to failure of drug therapy (Hawser and 
Douglas, 1995). Finally, poor patient compliance due to 
the need for frequent drug adm inistration and 
associated adverse effects, coupled with a possible 
underlying immunodeficiency can also impair therapy 
resulting in chronic recurrence of the disease.

P A F E  and Candida

There is scant data on the PAFE on Candida, the most 
common oral opportunistic fungal pathogen. Perusal 
of previous research indicates that significant PAFE 
were produced by limited exposure of Candida species 
to amphotericin B and 5-fluorocytosine (Turnidge et 
al.. 1994). Further. PAFE of several hours duration after 
exposure of C. albicans to 5-fluorocytosine has also 
been observed (Scalarone et al.. 1992). In contrast, little 
if any (in some instances negative) PAFE has been 
observed with the imidazoles (Tumidge et al.. 1994) and 
the triazole fluconazole (Minguezet al.. 1994). Similar 
observations have been demonstrated on the PAFE of 
the polyenes, 5-fluorocytosine and the azoles in ten 
isolates of oral C. albicans (Ellepola and Samaranayake 
1998a). More recently, PAFE of several hours following
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Table 3. Antifungal agents used in the treatment of oral candidoses

Drug Form Dosage Comments

Amphotericin B Lozenge 
10 mg

Oral suspension 
100 mg/ml

Nystatin Cream

Pastille 
100 000 units

Oral
suspension 
100 000 units

Clotrimazole

Cream

Solution
Miconazole

Oral gel 

Cream

Ketoconazole

Tablets

Fluconazole

Capsules

Itraconazole

Capsules

Slowly dissolved in 
mouth 3-4 times per day 
after meals for 2 weeks 
minimum.

Placed in the mouth after 
food and retained near 
lesions 4 times a day for 
2 weeks.

Apply to affected area 3-
4 times per day. 
Dissolve 1 pastille 
slowly after meals 4 
times a day, usually for 
7 days.
Apply after meals 4 
times a day. usually for 
7 days and continue use 
for several days after 
post-clinical healing.

Apply to the affected 
area 2-3 times daily for 
3-4 weeks.
5 ml 3-4 times daily for 
2 weeks minimum.

Apply to 'th e  affected 
area 3-4 times daily. 
Apply twice per day and 
continue for 10-14 days 
after the lesion heals.

200-400mg tablets 
taken once or twice 
daily with food for 2 
weeks.

50-1 OOmg capsule once 
daily for 2-3 weeks.

Negligible absorption from gastrointestinal 
tract. Given IV for deep mycoses which may 
cause thrombophlebitis, anorexia, nausea, 
vomiting, fever, headache, weight loss, 
anaem ia, hypokalaemia. nephrotoxicity, 
hypotension, arrhythmias etc.

Negligible absorption from gastrointestinal 
tract. Nausea and vomiting with high doses.

Mild local effects. Also has anti- 
staphylococcal activity.

Occasional mild local reactions. Also has 
antibacterial activity. Theoretically the best 
antifungal to treat angular cheilitis. Interacts 
with anticoagulants (warfarin), terfenadine, 
cisapride and astemizole. Avoid in pregnancy 
and porphyria.

May cause nausea, vomiting, rashes, pruritus 
and liver damage. Interacts with 
anticoagulants, terfenadine, cisapride and 
astemizole. Contraindicated in pregnancy and 
liver disease.

Interacts with anticoagulants, terfenadine, 
cisapride and astemizole. Contraindicated in 
pregnancy, liver and renal disease. May cause 
nausea, diarrhoea, headache, rash, liver 
disfunction.

lOOmg capsules daily 
taken immediately after 
meals for 2 weeks.

Interacts with terfenadine. cisapride and 
astemizole. Contraindicated in pregnancy and 
liver disease. May cause nausea, neuropathy, 
rash.
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brief exposure to nystatin on non-albicans Candida 
species of oral origin has been reported (Ellepola and 
Samaranayake, 1999b).

The mechanisms by which antimicrobials produce the 
PAE in bacteria or the PAFE in fungi have not been 
clearly explained (ShibletaL 1995;Zhanel etal.. 1995). 
However, the three most commonly proposed 
mechanisms are a) the limited persistence of the drug at 
the microbial binding site, b) the recovery from drug- 
induced non-lethal damage to cell structures and c) the 
time required for synthesis of new proteins and enzymes 
before resum ption of cell growth (Craig and 
Gudmundsson. 1996).

It is instructive to examine, in some detail, the possible 
mechanisms by which antimycotic agents elicit a PAFE 
in Candida species. The polyenes alter the permeability 
of the yeast cytoplasmic membrane by binding to 
ergosterol and fungistcrol. and a relatively prolonged 
period of time would be required for the cells to recover 
before active budding and multiplication could 
commence, thus eliciting a lengthy PAFE (Ellepola and 
Samaranayake. 1998a; 1999). On the other hand, the 
DNA-analogue, 5-fluorocytosine. once within the yeast 
cell, is incorporated into RNA in place of uracil, with 
resulting abnormalities of protein synthesis and 
inhibition of DNA synthesis. The long PAFE usually 
observed with 5-fluorocytosme may represent the period 
in which there is abnormal protein synthesis, and 
suppression of DNA synthesis prior to commencement 
of norm al cell division (Ellepola and 
Samaranayake. 1998a; Tumidge etal., 1994). Theazoles, 
on the other hand, cause alterations in fungal cell 
membranes by blocking the 14 cc-demethylation step in 
the biosynthesis of ergosterol. Interestingly, in contrast 
to the polyenes and the DNA analogue, the inability to 
elicit a significant PAFE by the azoles (Ellepola and 
Samaranayake, 1998a) may reflect the fact that the drug 
induced effects are transient and readily reversible or 
that the limited period of exposure is inadequate for 
these drugs to produce the desired effect.

It has been shown that in bacteria the PAE is not merely 
restricted to suppression of microbial growth. The 
other accompanying effects include changes in cell

morphology (Hangerger et al.. 1993). inhibition of enzyme 
and toxin production (Shibl etal.. 1994). loss of adhesive 
properties and reduction of cell surface hy drophobicity 
(R am adan et al., 1995; Shibl et al.. 1994) and 
increased susceptibility to host humoral and cellular 
immunity (Minguez etal.. 1994; Ramadan etal.. 1993). 
Many of these effects are probably overlapping and 
closely linked.

Despite these observations in bacteria the impact ol 
the PAFE on cellular attributes of Candida have not 
been extensively investigated thus far. However, a few 
studies documenting the effect of antimycotics on 
various pathogenic attributes of oral C. albicans isolates 
during the PAFE period are available. In one study, it 
has been demonstrated that the polyenes (nystatin and 
amphotericin B), and ketoconazole were capable of 
perturbing germ tube formation in C. albicans follow ing 
brief drug exposure, w hile 5-fluorocytosine and 
fluconazole failed to exert such mi effect during the PAFE 
period (Ellepola and Samaranayake. 1998c). In a separate 
study, it was found that all these drags were able to 
significantly inhibit adhesion of Candida to denture 
acrylic surfaces during the PAFE period (Ellepola and 
Samaranayake. 1998d). With the exception o f 5- 
fluorocytosine, s im ilar suppression o f cand ida l 
adhesion to buccal epithelial cells was elicited by the 
other antifungal agents during this period (Ellepola mid 
Samaranayake. 1998e). Cell surface hy drophobicity is a 
complementary factor involved in yeast adhesion to 
host surfaces and is considered an important pathogenic 
attribute of Candida. Our recent studies have disclosed 
that the polyenes and ketoconazole are capable of 
effectively m inim izing the relative cell surface 
hydropnobicity of oral C. albicans isolates during the 
PAFE period, while such an effect w as not seen follow ing 
limited exposure to 5-fluorocytosine and fluconazole 
(Ellepola and Samaranayake. 19981).

In clinical terms the current information on the PAFE of 
antifungal agents used in oral candidoses (poly enes 
and azoles), indicate that the optimal antifungal activity 
of poly enes may be realised when they are administered 
at extended intervals. In contrast, the relatively low or 
minimal PAFE observed with azoles indicates that the 
dose administered should suffice to maintain supra- 
inhibitory concentrations at the site of infection (Ellepola
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and Sam aranayake. 1998a). However, further 
investigations especially in relation to molecular aspects, 
are warranted to elucidate these phenomena of Candida 
during the PAFE period, and to translate these effects 
for therapeutic purposes.
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Summary

This retrospective audit o f  200 children aimed to identify adverse events associated with general 
anaesthesia for dental extractions. The incidence o f  adverse events was 57 % and 86%  o f  them were 
respiratory and 14 % were cardiovascular. Upper airway obstruction (92%) was the most frequent 
respiratory adverse event and respiratory depression was evident in 8%. A ll o f  them also had 
hypoxaemia. There were 72 major hypoxaemic episodes (arterial oxygen saturation, SPO , < 75%): 
66 (92%) during dental extractions, and 6 (8%) during induction. Twenty-three minor hypoxaemic 
episodes (SPO 3< 90%) occurred: 12 (52%) during induction and 11 (48%) during extractions. The 
pulse oximeter detected hypoxaemia before cyanosis and bradycardia became apparent. There was 
no association between the experience o f  the anaesthetist and the incidence o f  hypoxaemia. 
Arrhythmias occurred in 14%> o f  patients. These data suggest that airway control and recognition o f  
obstruction are the most important factors in the prevention o f  life threatening events.
Key words:
adverse events, dental extractions, paediatric, halothane,

Major complications may occur in both the respiratory 
and cardiovascular systems during dental anaesthesia. 
A survey of dental anaesthetic mortality revealed that 
hypoxaemia was the most common single cause of 
death (Coplan and Curson, 1993) and the adverse 
respiratory outcomes were considered to be preventable. 
Recent data show' that, of the 26 patients who died in 
the course of a dental anaesthetic between 1984-1993, 
more than 50% were children (Worthington et al., 
1998). Death occurred as a result of a cardiovascular 
or respiratory complication. In two instances, 
unexplained cardiac arrest occurred with no obvious 
precipitating factor. Patients undergoing general 
anaesthesia (GA) for dental procedures are known to 
suffer changes in heart rhythm, hence the cardiac 
arrests may be attributed to the high propensity to 
arrhythmias when halothane is used (Cattermole et al., 
1986). Halothane has been the classic inhalation 
anaesthetic for paediatric patients, but sevoflurane, a 
new inhalational agent is now recommended for 
patients undergoing G A for dental extractions because 
it is associated with fewer cardiac arrhythmias (Paris 
et al., 1997). We presenthere a retrospective audit of

adverse events during GA for dental extractions in 
healthy paediatric outpatients.

M ethods

The anaesthetic records of 200 healthy paediatric 
patients who underwent dental extractions under GA 
in the supine position during the period 1993-1996 
were reviewed. An inhalational anaesthetic technique 
was employed, with halothane and nitrous oxide in 
40% oxygen. Vital signs, arterial oxygen saturation 
(SPO,) (pulse oximetry) and ECG were monitored 
continuously during the entire procedure. The oxygen 
saturation alarm was set for 90%. Oxygen 100% was 
administered immediately if the SPO , fell below 90%. 
The degree of desaturation and the specific events w'ere 
recorded. All adverse events w'ere docum ented. 
Anaesthesia was administered by a consultant/registrar. 
Hypoxaemia wns defined as a SPO , of < 90%. Adverse 
event was an unplanned event, which caused, or had 
the potential to cause, harm to patients by a preventable 
mechanism.
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Results

The retrospective audit involved 200 patients, aged 4- 
10 years. A total of 114 adverse events occurred, 86% 
were respiratory and the remaining were cardiovascular 
events. Upper airway obstruction was the most frequent 
respiratory adverse event (92%) and respiratory 
depression was evident in 8%. Upper airway obstruction 
was readily detected by the observation of the reservoir 
bag. Factors associated with upper airway obstruction 
were induction of anaesthesia, insertion of pack, 
changing sides and extractions.

Hypoxaemia was associated with signs of upper airway 
obstruction. Seventy-two major hypoxaemic (arterial 
oxygen saturation, SPO , < 75%) events occurred: 66 
during dental extractions, and 6, during induction. All 
were cyanotic with significant bradycardia (p<0.05). 
Minor hypoxaemic episodes (SPO ,< 90%) occurred 
in 23 patients, 12 during induction and in 11 during 
extractions. In all the instances, the pulse oximeter 
detected hypoxaemia before the signs and symptoms 
of hypoxaemia (cyanosis, bradycardia) became 
apparent. Four patients had laryngospasm. The 
duration of hypoxaemia was in all cases less than 2 
minutes. There were no long-term adverse events. The 
incidences of hypoxaemia were 40% (13 of 32) when 
anaesthetised by senior anaesthetists and 48% (82 of 
168) in the case of registrars. There was no statistically 
significant association between the experience of the 
anaesthetist and the incidence of hypoxaemia (chi-
square).

In 28 patients (14%), ventricular ectopics were noted 
on the ECG during dental extractions. There were no 
clinically detectable major adverse events in the 
recovery room. All patients were discharged home 
after 2 hours.

Discussion

The audit showed an overall incidence of 57% of 
adverse events. The high incidence o f airway 
problems (86%) reflects that airway management, the 
prime function of the anaesthetist is a major problem 
during dental anaesthesia. Our results, in common

with those of previously reported studies (Bone et al., 
1987 and Allen et al., 1989), showed a high rate of upper 
airway obstruction. It is difficult to avoid some degree 
of respiratory obstruction during dental anaesthesia. 
Events such as pressure on the mandible by the 
surgeon during dental extractions, insertion of mouth 
packs, and changing sides are all likely to compromise 
the patients’ airway. Furthermore, maintenance of an 
open airway may be difficult during operations on the 
lower jaw when there is a tendency to flex the head and 
obstruct respiration. In addition, airway obstruction in 
children can be caused by the tongue, enlarged tonsils 
and adenoids, and laryngeal spasm. The latter maybe 
due to irritation by foreign material such as blood, 
saliva, or dental debris. While proper use of mouth 
packs is important in prevention, the correct placement 
of the pack is mandatory to ensure that the airway is 
not compromised.

In our study, minor hypoxaemic events occurred 
during induction of anaesthesia. Such observations 
have been reported previously. Induction of 
anaesthesia is associated with a risk of hypoxaemia due 
to factors such as airway obstruction and respiratory 
depression. The paeditric patient is at particular risk 
for respiratory complications during GA due to 
increased metabolic rate and alveolar minute volume. 
The small airway and relatively large tonsils and 
adenoids may lead to airway obstruction under 
anaesthesia. Therefore, greater vigilance is required for 
respiratory complications in paediatric patients.

Pulse oximeters facilitated the early recognition of 
hypoxaemiic events before they result in morbidity and 
mortality. Bradycardia is often the first sign of 
hypoxaemia in children but may go undetected, and 
cyanosis is reliably detected during anaesthesia only 
when SPO, decreases below 75%. Thus, the adverse 
outcome attributed to hypoxaemia namely organ damage 
and cardiac arrest could be avoided by pulse oximetry. 
The skill of the anaesthetist is likely to influence the 
incidence of hypoxaemia. However, in our study, airway 
obstruction was inevitable even with experienced 
personnel.
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The incidence of arrhythmias is less in our study than 
reported previously (Alexander. 1971) and most of these 
were benign, focal ventricular extrasystoles, which did 
not require pharmacological intervention. There is a well- 
recognised incidence of potentially serious cardiac 
arrhythmias during GA for dental extractions, 
particularly when halothane is used. The precipitating 
factors include stimulation of the sympathoadrenal 
system via the trigeminal nerve and slow cardiac 
conduction leading to re-entrant activity (Rodrigo et 
al., 1986). With the introduction of sevoflurane, a new 
inhalational agent, there is a reduction in the incidence 
of arrhythmias. *

We did not observe any instances of cardiovascular 
collapse, probably due to the supine position. There is 
a danger of fainting in the patient sitting in an upright 
dental chair. It is an arguable proposition that dental 
extractions should be performed with the patient in 
the horizontal position. Furthermore, there were no 
adverse events during recovery' from GA. According 
to a previous study more than 50% of the deaths 
occurred in the recovery period (Coplans and Curson, 
1993).

In conclusion, most of the adverse events represented 
problems with airway management, emphasizing the 
critical role of this endeavour in providing safety 
during anaesthesia. Some degree of airway obstruction 
is inevitable during dental extractions. Therefore, the 
conduct of anaesthesia requires constant vigilance. 
Airway control and recognition of obstruction remain 
the two most important factors in the prevention of 
life threaten ing  com plications during dental 
anaesthesia.
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FAST PAIN RELIEF
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Treatment of post-operative pain in a double-blind study of 97 patients following 
dental surgery during a four-hour treatment with Cataflam or placebo.'1’

Mean
hourly pain 
intensity * ♦  -» 

4  4  +

+ + + 
+ + + 
+ + + + + + + +

+ F i 4-1 f +
+  F i  4  4  f  +

0 V4 V* Hours after administration

PROVEN EFFECTIVE FOR A WIDE RANGE OF 
PAINFUL AND INFLAMMATORY CONDITIONS

• EXCELLENT TO GOOD RESPONSES IN 93.7% OF CASES •

1
CATAFLAM 5 0 m g  1 b d  fo r  2  d a y s .

1
CATAFLAM 5 0 m g  2  s t a t  f o l lo w e d  b y  1 b d .

o  Severe Periapical pain 

o  Severe Post extraction pain, 

o  After draining of dental abcesses. 

o  Pericoranitis of 3rd molar.

c> For Pain Relief after Minor oral surgical procedures 
such as:

♦ R e m o v a l o f im p a c te d  to o th  - C a n in e , m o la r.
♦ A p ic e c to m y  in ro o t c a n a l th e ra p y .
♦ R e m o v a l o f b u r ie d  ro o ts /s a liv a ry  c a lc u li.
♦ A lv e o le c to m y  & A lv e o lp la s ty .
♦ R e m o v a l o f D e n ta l c y s ts .
♦ F ra e n e c to m y /G in g iv e c to m y .

°  After treatment of Mandibuler & Maxillary fractures
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Effects of oestradiol and progesterone on androgen metabolism in 
cultured human oral periosteal fibroblasts

A. Tilakaratne and M Soory.
Department o f  Oral Medicine and Periodontology, Faculty o f  Dental Sciences, University of Peradeniya 
‘Department ofPeriodontology, Guy’s King's St. Thomas’ Dental Institute, King's Campus, London, L k

Sum m ary
Hormone modulatory mechanisms could influence healing responses in tissues and thus have an 
impact on periodontal disease presentation. The effect o f  oestradiol-17fi (O) and progesterone (1 i 
on androgen metabolic pathway in human periosteal fibroblasts (ILPF) has been investigated. 
Confluent monolaver cultures o f HPF were established and duplicate incubations were performed in 
Eagle’s Minimum Essential Medium (KIEM) fo r  24 hours with either 14C -testosterone (141 -T) or 
14C-4-androstenedione (14C-4-A) as substrates and optim al stim u la tory  and inhibitory  
concentrations (0.1, 0.5 & 1.0 pg/ml) o f  O and P respectively. These concentrations were selected as 
optimal after testing out 11 serial concentrations o f  O and P initially. The medium was analysed and 
quantified for steroid metabolites. With 14C-T as the substrate, O stimulated the synthesis o f  5 a- 
dihydrotestosterone (DHT) and4-androstenedione (4-A) by 50% and27% respectively (n 6, p<0.01) 
at optimal concentrations. When 14C-4-A was used as the substrate a 12-68% increase in DHT 
synthesis and about 2-fold increase in testosterone (T) were observed when compared to the controls 
in response to all 3 optimal stimulatory concentrations o f  O (n=6, p<0.01). With 14C-T as the 
substrate, all concentrations o f  P inhibited DHT synthesis, with a maximum o f  2.8-fold at 1.0 pg/ml 
compared to the controls (n =4, p<0.01). When 14C-4-A was used as the substrate, the DHT synthesis 
decreased by 14% and 25% at 0.5 & 1.0 pg/ml concentrations o f  P respectively when compared to 
controls (n=6, p<0.01). These results suggest possible anabolic and catabolic activities o f  O & P 
respectively, mediated via androgen metabolic pathway. Thus these effects could be attributed to the 
effects shown in-vivo situation in relation to a periodontal lesion.

Key Words: Androgen metabolism, oestradiol, progesterone, fibroblasts, repair.

Introduction

Oestrogens are concerned with the normal development 
of the female sex organs and the secondary sex 
characteristics. In many of their actions, the oestrogens 
acts synergistically with the other ovarian hormone, 
progesterone. Both oestrogens and progesterone show 
metabolic effects in tissues. Oestrogens can affect 
calcification of the epiphyseal cartilages leading to their 
closure; they have mild anabolic effects and cause 
retention of nitrogen,

sodium, calcium  and phosphorus. In contrast, 
progesterone has a mild catabolic effect and tends to 
increase the excretion of sodium (Fotherby, 1984).

Many tissues of humans and animals are capable of 
metabolising steroidal sex hormones. The uterus and 
prostate are classical target organs for sex steroids. The 
salivary glands of humans and animals too contain 
enzymes involved in steroid metabolism (Gower. 1984).
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Metabolic studies have shown that androgens, 
oestrogens and progesterone are actively metabolised 
in gingival tissue of humans and animals. When 
testosterone was incubated with either homogenate, 
mitochondrial, microsomal or soluble fraction of healthy 
and inflamed gingivae from humans of both sexes, the 
metabolic activity was higher in the preparations from 
inflamed tissue, than in the samples from healthy 
gingivae (Ojanotko et al., 1980; Sooriyamoorthy & 
Gower, 1989a). In both types of tissue, testosterone was 
converted to 5oc-dihydrotestosterone. suggesting that 
gingivae might be a target tissue for androgens. It has 
been reported that 5a-dihydrotestosterone (DHT) and 
4-androstenedione (4-A) are formed during testosterone 
metabolism by human gingival fibroblasts in culture 
(Sooriyamoorthy et ah, 1988). DHT is the most 
biologically active metabolite found in tissues when 
testosterone is metabqlised, and it can contribute to 
growth and development. For example DHT could 
stimulate matrix synthesis in connective tissue and 
bone (Colvard fet ah, 1989; Kasperk et ah, 1989; 
Normington and Russell, 1992; Dassouli et ah, 1994). 
Such anabolic effects are more obvious when the normal 
synthesising capacity of tissues is reduced. Thus, when 
a reparatory response Is'required, DHT can contribute 
to synthetic activity in fibroblasts and osteoblasts 
(Vitteketah. 1979; Kasperk et ah. 1989; Sooriyamoorthy 
& Gower, 1989b). The fact that testosterone could 
slightly augment the rate of connective tissue turnover 
and osteogenic capacity of the periodontium has also 
been reviewed (Sooriyamoorthy & Gower, 1989b).

A wide variety' of enzymes participate in the reactions 
of steroidogenesis. The enhanced sex steroid 
metabolism in inflamed tissues is due to the increased 
enzyme activities in these tissues concerned. The 
accelerated rates of progesterone and testosterone 
metabolism seem to result from increased activity of 5a 
and 5p reductase. It is known that progesterone is a 
competitive inhibitor of this enzyme and it can inhibit 
the cutaneous enzymes responsible for the 5 a  reduction 
oftestosteroneto5a-DHT (Giacomini & Wright. 1980). 
Miyagi et al., (1993) investigated the effects of sex 
hormones (testosterone, oestradiol-17p and progesterone) 
on the production of prostaglandin  E , (PGE,) by

lipopolysaccharide (LPS)-stimulated human monocytes. 
They showed that testosterone reduced the production 
of PGE,, while progesterone enhanced it. Oestradiol 
showed a bi-directional effect (inhibitory at a lower 
concentration of 0.4 ng/ml and stimulatory at a higher 
concentration of 20 ng/ml) on PGE, production. In this 
study, it is interesting to note that the reduced PGE, 
production by monocytes treated with low amounts of 
oestradiol was restored in the presence of high amounts 
of progesterone, while the enhancing effects of 
progesterone on PGE, production was reduced by the 
addition of low amounts of oestradiol (Miyagi et al., 
1993).

Androgens have pro-anabolic effects on matrix repair. 
They are known to inhibit prostaglandin production 
stimulated by interleukin-1 (IL-1), thus inhibiting bone 
resorption (Pilbeam & Raize, 1990). IL-1 found in the 
inflammatory exudate has been shown to stimulate the 
synthesis of the potent androgen metabolite, DHT in 
both gingivae and periodontal ligament, (Kasasa1 & 
Sooty', 1996) thus contributing to repair processes in an 
environment of inflammation. DHT has also shown 
stimulatory effects on cell growth in human prostatic 
fibroblasts, and the effect appears to be mediated via 
the increased production and secretion of certain 
growth factors like basic fibroblast growth factor and 
purified growth factor (Luo et al., 1996).

It has also been reported that oestrogen and androgens 
have stimulatory effects on the metabolism of collagen;
i.e. oestradiol increases the incorporation of proline into 
the collagen molecule under synthesis in cultured skin 
fibroblasts (Sultan etal., 1986).

A two year follow-up study of 42, 171 post menopausal 
women (Grodstein et al., 1996), howed that the risk of 
tooth loss was significantly lower amongst post
menopausal hormone users. Oestrogen, unlike 
progesterone, m ediates decreased synthesis of 
prostaglandins in the gingivae. These anti-inflammatory 
effects could protect against tooth loss. Other workers 
have shown that 50-64 year old women taking oestrogen 
hormonal supplementation had significantly lower 
gingival bleeding sites than age matched controls 
(Norderydet al.. 1993).
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Further, oestrogen status in post-menopausal women 
has been shown to have influences on alveolar bong 
density (Payne et al., 1997). In their study, oestradioi- 
17p sufficient women exhibited a higher frequency of 
sites demonstrating a gain in alveolar bone density in 
relation to periodontal lesions, while the oestradiol- 
17 p deficient women exhibited a higher frequency of 
sites demonstrating a loss in alveolar bone density. 
Administration of pharmacological doses of oestrogen, 
sufficient to raise concentrations to those seen in late 
pregnancy, increased bone formation above the rates 
observed in rats with physiological - non pregnant 
oestrogen levels (Tobias et al., 1991). The same group 
of authors assessed the effects of physiological 
concentrations of oestrogen on bone formation. They 
administered oestradiol-17p daily for 17 days into 
ovariectomized rats in varying doses. The results 
showed a dose-dependent increase in trabecular bone 
volume compared to the controls. This study has made 
evident that oestrogen maintains bone volume not only 
through inhibition of bone resorption but also through 
stimulation of bone formation (Chow et al., 1992). A 
reduction in oestrogen levels after menopause is 
thought to be responsible for the accelerated bone loss 
(Richelson et al.. 1984; Stevenson et al.. 1989). and 
increased risk of sustaining osteoporotic fractures 
(Ettinger et al., 1985) found in post-menopausal 

’ women.

keletal bone growth, following the administration of 
5a-DHT and oestradiol-17p to ovariectomized 
osteopenic rats has been studied by Coxam and others 
(1996) recently. They observed increased periosteal 
bone fonnation rates in rat skeletal bones with a high 
dose of DHT alone and in combination with oestrogen. 
DHT combined with oestrogen, increased 
endochondral growth rates relative to the group treated 
with oestrogen alone (Coxam et al., 1996).

Although the formation of androgens takes place in 
the interstitial tissue of the male testes, small amounts 
of androgens are produced in the adrenal glands of 
males and females; also in the ovaries of females. 
Similarly, although the ovaries are the main source of 
oestrogen, the adrenals and testes produce oestrogen 
to lesser or greater extents. In men, up to 30% of the 
total oestrogen is formed in the testes. It has also been

revealed that peripheral tissues too. have the ability to 
utilise plasma 4-androstenedione and testosterone to 
synthesise oestrogen in both males and females (Gower. 
1984).

There is a w idespread distribution of oestrogen 
receptors (a  and P) in reproductive and other tissues 
of the male. Certain aspects of pubertal development 
in boys (growth of long bones, their mineralisation 
and epiphyseal closure) attributed to the actions of 
androgens are now recognised as being mediated in 
part by oestrogen (Sharpe. 1998). Oestrogen play a 
role (probably vasodilatory) in the cardiovascular 
system of the male. Male reproductive tissues (Sertoli 
cells and certain germ cells in the testis) as well as 
many other tissues such as adipose, kidney, thymus / 
immune system, skin, gut and muscle are oestrogen 
targets in the male (reviewed by Sharpe, 1998).

Considering all of the above facts and the anabolic 
effects of the biologically active androgen metabolite 
DHT on matrix synthesis by connective tissue and bone, 
it was felt that an investigation of the modulation of 
this activity' by oestrogen and progesterone would be a 
relevant area of stud}', with possible applications in- 
vivo.

M ateria l a nd  m ethods

Authentic steroids from Sigma Chemicals Co; Poole. 
Dorset, UK were dissolved and redistilled in ethanol 
(supplied by Merck Chemicals Ltd; Dagenham. Essex) 
at appropriate concentrations and stored at 4° C. 
Radiolabelled androgens (14C-testosterone and 14C- 
4:androstenedione of specific activity of 58 pCi/pmol) 
were obtained from  A m ersham  In te rn a tio n a l. 
A m ersham , B ucks. UK. T he rad io -ac tiv e  
concentrations of testosterone and 4-androstenedione 
were 50 pCi/ ml toluene and 50 pCi/ 2.5 ml toluene 
respectively. The toluene solvent was evaporated to 
dryness and the radioisotopes were redissolved in 
ethanol. Ethyl acetate for the extraction of metabolites, 
solvents for thin layer chromatography (benzene/ 
acetone) and chloroform to redissolve the dry bulk of 
extract were all supplied by BDH chemicals; Merck 
Thin layer chrom atography (TLC) p lates were 
precoated silicagel k ieselge l 60 (20cm  x 20cm )
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obtained from BDH Chemicals Ltd; Dagenham. Essex. 
The incubation medium used was Eagle’s Minimum 
Essential Medium (MEM) with 10% Foetal Bovine 
Serum (FBS), L-glutamine, antibiotic solution and 
sodium bicarbonate for titration (all provided by Gibco 
Ltd; Paisley, Scotland).

Chronically inflamed periosteal tissues were obtained 
from 6 periodontal patients undergoing vertically 
advanced flap procedures for the treatment of recession 
at the Department of Periodontology, King’s College 
Dental Institute, London, UK. A small sample of 
periosteum was isolated from the surface of the bone 
for each cell-line that was derived. All these patients 
had completed tire initial phase of treatment comprising 
scaling and root planing before these procedures and 
subsequent isolation of tire periosteal tissues. Their ages 
ranged from 20 to 50 years.

Establishing fibroblasts in culture 
The tissues obtained from the patients were collected 
in sterile universal containers in Hank's Balanced Salt 
Solution. They were serially washed with Eagle’s 
MEM, minced into small fragments approximately 1 
mm3, and placed in a 60 nun sterile petri dish with a 
drop of medium and. Thus, 6 cell lines of periosteal 
fibroblasts derived from each of the subjects were es
tablished in primary' culture. Then serial passaging of 
primary cultures was carried out by partial digestion 
with 0.25% trypsin solution.

The contents of a fully confluent 25 cm2 flask (2.2xl06 
cells) were distributed in 24 well, multiwell dishes and 
cell-lines derived from four subjects were used in this 
way. There was no pooling of cell-lines derived from 
tire 6 subjects. Each cell-line had its own control and 
test incubations. Duplicate incubations were performed 
for each individual cell-fine inEagle’sMEM, using either 
14C-testosterone or 14C-4-androstenedione as the 
substrate in the presence of optimal stimulatory or 
inhibitory concentrations of oestradiol-17p or 
progesterone (0.1,0.5 and 1.0 pg/inl) respectively. The 
optimal stimulatory and inhibitory concentrations of 
oestradiol and progesterone respectively used in this 
study were based on the initial experiments carried out 
using 11 serial

concentrations ranging from 0.01 pg/ml to 50pg/ml 
of oestradiol and progesterone. These serial 
concentrations were 0.01. 0.05. 0.1. 0.5. 1.0. 5.0, 10. 
15, 20. 30 and 50 pg/ml. In general, oestradiol at all 
above concentrations showed a stimulatory effect on 
metabolic conversion of both androgen substrates to 
5a-DHT, with a’ fnaximum effect in response to 0.1,
0.5 and 1.0 pg/ml. Thus, the above 3 concentrations 
were used as ‘optimal’ stimulatory concentrations in 
this study. Similarly^ progesterone showed a general 
inhibitory effect on the same metabolic conversion at 
all serial concentrations with a maximum effect in 
response to 0.1, 0.5 and 1.0 pg/ml. Thus, these three 
optimal inhibitory concentrations were used in 
subsequent experiments.

At the end of a 24-hour incubation period in a 
humidified cell culture incubator at 37°C, the medium 
was solvent extracted with ethyl acetate (2mlx2), after 
the addition of cold standards. The extract was 
evaporated to dryness, re-dissolved in chloroform, 
spotted on TLC plates and the metabolites separated 
in a benzene acetone solvent system (4:4 v/v). The 
separated metabolites were then quantified using a 
radioisotope scanner.

Results

The Effects of optimal stimulatory concentrations of 
oestradiol on androgen metabolism by periosteal fibro
blasts

14C-Tas the'androgen substrate 
The metabolic conversion of 14C-T to DHT in periosteal 
fibroblasts in the presence of optimal stimulatory 
concentrations of oestradiol is shown in Figure 1. The 
mean value for each metabolite (DHT and 4-A) for each 
concentration of oestradiol used was compared with 
that of the control value. All three concentrations of 
oestradiol studied (0.1. 0.5 and 1.0 pg/ml) caused 
stimulation of the synthesis of DHT. The maximum 
increase in the yields of DHT was 50%, in response to 
both 0.1 and 1.0 pg/ml concentrations, compared to the 
controls (n=6; p<0.01, Wilcoxon signed rank test for 
paired observations).
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The synthesis of 4-A in response to all 3 concentrations 
of oestradiol also increased (16%-27%) significantly, 
compared to the controls. As seen in Figure 1, the yield 
of 4-A in response to oestradiol at a concentration of
0.5 pg/ml was seen to be the highest, and this was a 
27% increase compared to the control value (n=6;
p<0.01).

14C-4-A as the androgen substrate

Figure 2 shows the metabolic conversion of 14C-4-A to 
DHT and T by periosteal fibroblasts in the presence of 
oestradiol at 0.1,0.5 and 1.0 pg/ml concentrations. The

yields of metabolites shown are the me an values for 
the control incubations and those in response to the 
above oestradiol concentrations.

A 12%-68% increase in DHT synthesis was observed 
in response to all three concentrations of oestradiol 
The maximum increase was 68% in response to 0.1 pg/ 
ml of oestradiol (n=6; p<0.01, Wilcoxon signed rank test 
for paired observations). Similarly, as seen in Figure 2, 
the yields obtained for testosterone in response to all 
three concentrations of oestradiol were markedly 
increased (about 2-folds) when com pared to the 
controls. The maximum increase was 2.3-fold, in 
response to oestradiol at 0.1 pg/ml (n=6; p<0.01).

Figure 1: The metabolic conversion of 14C-T to DHT and 4-A in response to oestradiol in periosteal fibroblasts 
Duplicate incubations were performed with radiolabelled testosterone in multiwell plates for 24-48 hours; the reactior 
was terminated by the addition of ethyl acetate and the metabolites were extracted, analysed and quantified The mear 
and standard deviation from the mean values derived from duplicate control and test incubations of 6 periosteal cell 
lines are shown.
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Figure 2 : The metabolic conversion of 14C-4-A to DHT and T in response to oestradiol in periostealfibroblasts 
Duplicate incubations were performed with radiolabelled 4-androstenedione in multiwell plates for 24-48 hours, when 
the reaction was terminated by the addition of ethyl acetate. The metabolites w'ere extracted, analysed and quantified. 
The mean and standard deviation from the mean values, derived from duplicate control and test incubations of 6 
periosteal cell lines are shown.

Effects of op tim a l in h ib ito ry  concentra tions of 
progesterone on androgen metabolism by periosteal 
fibroblasts

14C-T as the androgen substrate 
Figure 3 presents a comparison of the mean values of 
the metabolites (DHT and 4-A) obtained from the 
metabolism of 14C-T, in the control incubations and in

the presence of progesterone in periosteal fibroblast 
cultures.

According to Figure 3, progesterone inhibited DHT 
the synthesis significantly in response to the three 
concentrations studied. Compared to the control value, 
the maximum inhibition was 2.8-fold, at 1.0 pg/ml 
progesterone (n=4; p<0.01, Wilcoxon signed rank test 
for paired observations).
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The synthesis of 4-A however, was increased in 
response to all concentrations of progesterone studied. 
The increase ranged from 12% to 24%. The maximum

increase (24%) was observed in response to 0.5 pg/ml 
of progesterone (n=4; p<0.01).

P r o g e s t e r o n e  c o n c e n t r a t i o n  
C =co n t r  o I

■  DHT □  4 - A

Figure 3: The metabolic conversion of 14C-T to DHT and 4-A in response to progesterone in periosteal fibroblasts 
Duplicate incubations were performed with radiolabelled testosterone in multiwell plates for 24-48 hours, v hen the 
reaction was terminated by the addition of ethyl acetate. The m Aabolites were extracted, analvsed and quantmed The 
mean and standard deviation from the mean values, derived from duplicate control and test incubations of 4 penes teal 
cell lines are shown.
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14C-4-A as the androgen substrate 
The metabolic conversion of 14C-4-A to DHT and T by 
periosteal fibroblasts, in the presence of optimal 
inhibitory concentrations of progesterone is shown in 
figure 4. The mean value for each, metabolite at each 
concentration of progesterone was compared with that 
of the control value.

Progesterone at concentrations of 0.5 and 1.0 pg/ml 
caused an inhibitory  effect on DHT synthesis. 
Compared with the controls, a decrease of 14% and 
25% was observed in the yields of DHT in response to 
the above concentrations of progesterone (n=6; p<0.01, 
Wilcoxon signed rank test for paired observations).

Progesterone at a concentration of 0.1 ug/ml however, 
caused a small increase (4%) in DHT synthesis 
compared to the control value. This increase was not 
statistically significant.

The synthesis of testosterone from 14C-4-A was 
increased only in response to progesterone at 0.1 pg/ 
ml. This increase was only 6%, and was statistically 
significant, when compared with the control value (n=6; 
p<0.01). Progesterone at 0.5 pg/ml did not cause any 
significant difference in the synthesis of T when 
compared with the controls. But at a concentration of 
1.0 pg/ml. the synthesis of testosterone was decreased 
( by 6%, when compared to the control value), and this 
was statistically significant (n=6; p<0.01).

Figure 4: The metabolic conversion of 14C-4-A to DHT and T in response to progesterone in periosteal fibroblasts. 
Duplicate incubations were performed with radiolabelled 4-androstenedione in multiwell plates for 24-48 hours, when 
the reaction was terminated by the addition of ethyl acetate. The metabolites were extracted, analysed and quantified. 
The mean and standard deviation from the mean values derived from duplicate control and test incubations of 6 
periosteal cell lines are shown.
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Discussion

In the present study, both androgen substrates 
(testosterone and 4-androstenedione) were readily 
metabolised by periosteal fibroblasts in culture. The 
major pathway in the metabolism of testosterone as the 
androgen substrate appeared to be via tire fonnation of 
tire 17p-hydroxy-5a-A-ring reduced androgen. 5a-DHT. 
This was seen both at base line and in response to the 
three concentrations of oestradiol and progesterone 
tested (Figures 1 & 3). Testosterone as the substrate, 
was also converted to the 17 p-oxidoreduced compound. 
4-androstenedione (Figures 1 & 3). 4-Androstenedione 
as the androgen substrate was metabolised to 17 p- 
hydroxy compound testosterone, then by the 5a- 
reduction pathway, 5a-DHT was produced (Figures 2 
& 4 ).

A similar pattern of androgen metabolism has been 
shown in previous in vitro studies using inflamed human 
gingival tissues (Vittek et a l, 1979; Kasasa & Soory, 
1996), periodontal ligament tissues (Kasasa & Sooty, 
1996) and in fibroblasts derived from healthy gingival 
tissue (Sooriyamoorthy et al., 1988).

The trend in the effect of oestradiol on both 5a- 
reductase and 17P-HSD activities in periosteal 
fibroblasts appeared to be similar to that in gingival 
fibroblasts as shown in our previous studies 
(Tilakaratne & Soory, 1999a). Oestradiol at all 
concentrations studied (0.1-1.0 pg/ml) showed very 
significant increases in 5a-reductase activity in 
periosteal fibroblasts. Increased 5a-reductase activity 
resulting in increased synthesis of DHT in periosteal 
fibroblasts could affect matrix regenerative functions 
in periodontal lesions.

In androgen target tissues, there are a number of 
important enzymes involved in their metabolic 
pathways. 5a-reductase is important in androgen target 
tissues in the conversion of testosterone to 5a-DHT, 
and is associated with both nuclear and microsomal 
fractions. However, the tissue level of a metabolite such 
as 5a-DHT depends on the stimulatory or inhibitory 
factors, e.g. oestradiol and progesterone respectively, 
available in the tissue concerned. The anabolic and the 
catabolic processes in tissues could thus be dependent

on the effects and available concentrations of oestradiol 
and progesterone respectively. Serial passaging of cells 
has been known to maintain 5a-reductase activity and 
thus the usage of fibroblast cell lines of the 5U| to 9th 
passage derived from gingival tissue, has demonstrated 
enough enzyme activity for effective m etabolic 
conversion (Sooriyamoorthy, 1989).

It is known, that fibroblasts derived from inflamed tissues 
demonstrate a higher metabolic activity w ith androgen 
substrates, both at baseline and in response to the anti
convulsant drug, phenytoin compared with fibroblasts 
passaged from non-inflamed tissue (Sooriyamoorthy & 
Gower. 1989a).

Other w-orkers have shown that although gingival 
tissues from healthy males metabolised testosterone 
better than that of healthy females, chronically inflamed 
gingivae from both sexes did not show any difference 
in testosterone metabolism (Ojanotko et al.. 1980; 
Sooriyamoorthy & Gower. 1989a). Based on this 
evidence, the present study7 sample w as not categorised 
for the sexes. But the samples were not pooled, 
maintaining individual cultures; the sample numbers 
include males and females.

Further, the fibroblasts growing in an environment of 
chronic inflammation represent a phenotypicalh  
unique fibroblast population. They are specifically 
cloned for their functional demands, and maintain then- 
altered phenotype over several passages (Larjava et al..
1989) . In recent times the fact that the cells cultured 
from fibnotic lesions continue to express the in-vivo 
phenotype in-vitro has been reviewed by some authors 
(Hassell & Hefti, 1991). Hence, the serial passaging 
of primary cultures was carried out by partial diges
tion with 0.25% trypsin solution. Fibroblasts of the 
3rd to 11 th passage in confluent monolayer culture 
were used for the experiments.

It has been reported, that osteoprogenitor cells found 
in bone repair typically come from periosteal tissue 
(Zhang et al., 1997). Periosteal cells isolated from tibiae 
of adult male rats were found to be positive for 
expression of genes encoding the osteoblast marker 
proteins. osteocalcin and precollagen (Turner et al
1990) . Fibroblasts of the periodontal ligament, are
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considered to play a major role in the formation of 
acellular cementum, by virtue of their alkaline 
phosphatase activity. The alkaline phosphatase
positive cultures from the periodontal ligament and 
periosteum formed mineralised layers along the 
dentine. These findings support the view that 
periodontal ligament and periosteal fibroblasts, play 
a pivotal role in the formation of cementum. due to 
their alkaline phosphatase activity (Groeneveld ct al., 
1994).

Thus, the periosteal cells could play a major role in 
the repair of periodontal lesions. As seen in the results 
of the present study, the effect of oestradiol on 
androgen metabolism could contribute to periodontal 
bone repair and healing. It has been reported, that 
bone is an extraglandular source of local oestrogen 
which plays an important role in bone mineral 
metabolism through autocrine and paracrine actions 
(Shozu & Simpson, 1998). These actions either directly 
or via the androgen metabolic pathway could be of 
importance in exerting anabolic effects in cells and 
tissues.

Skeletal bone grow th has been investigated, 
following the adm inistration  of 5a-D H T and 
oestradiol-17p to ovariectomised, osteopenic rats 
(Coxam et al.. 1996). It was observed that the rates of 
periosteal bone formation in the rat skeletal bones 
were increased with a high dose of DHT alone and in 
combination with oestrogen. DHT, combined with 
oestrogen increased endochondral growth rates 
relative to the group treated with oestrogen alone 
(Coxam et al., 1996). Increased yields of DHT in 
response to oestradiol, as demonstrated in the cell 
culture model used in this investigation, could 
enhance some of these effects; and may be relevant 
to healing responses, in the inflammatory periodontal 
lesion in-vivo.

In periosteal fibroblast cultures, progesterone had 
strong inhibitory effects on 5a-reductase activity 
when testosterone was used as the substrate. This 
result is similar to the same enzyme activity in 
response to progesterone in our previous study using 
cultured human gingival fibroblasts (Tilakaratne 
& Soory, 1999b). Progesterone is a competitive

inhibitor of 5a-reductase and a better substrate than 
testosterone (Giacomini & Wright, 1980). Therefore, in 
the presence of both testosterone and progesterone, the 
metabolism of progesterone could easily take place 
compared to that of testosterone. Since the 5a-reduced 
product of progesterone has no anabolic functions, this 
effectively impairs the matrix stimulatory functions 
characteristic of the 5<x-reduced metabolites of androgen 
substrates.

When 4-androstenedione was used as the substrate, there 
was an increase in DHT synthesis at the lowest 
concentration (0.1 ug/ml) studied. However, it was 
significant that progesterone at 0.5 and 1.0 pg/ml had 
inhibitory effects on the synthesis of both DHT and 
testosterone in periosteal fibroblasts. Since testosterone 
is also known to have considerable anabolic effects on 
connective tissue and bone, (Soonyanioorthy & Gower. 
1989b). inhibition of both 5a-reductase and 17fi-HSD 
pathways by progesterone could indirectly affect the 
anabolic effects in these tissues. Since periosteal 
fibroblasts constitute an important component of the 
periodontium, the above effects suggesting catabolic 
actions of progesterone can affect repair and healing of 
periodontal tissues.
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Sum m ary

Responses o f  the human body to general muscular activity have been extensively investigated and it 
is reasonable to expect similar changes in the body in response to protracted dynamic activity o f  
muscles o f  mastication. The aim o f this study was to ascertain the changes in the cardiovascular and 
respiratory functions and body temperature in response to prolonged dynamic activity o f  the 
masticatory muscles and to reassess the relationship o f  these changes on the occurrence o f  muscle 
fatigue. Eighteen subjects including twelve men and six women performed chewing activity in a room 
under controlled conditions. A fter a rest o f  30 minutes, their heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), respiratory rate (RR) and axillary body temperature (BT) 
were measured at five-minute intervalsfor 15 min. Then each subject was asked to chew 7 g  ofgums, 
on their most convenient side at a rate o f  100 cycles/min fo r  15 min. and the measurements were 
repeated at five-minute inten’als. Then they stopped chewing and had the gum inside the mouth fo r  
ten minutes as the measurements were repeated at two-minute intervals. During the chewing period, 
time taken for them to feel any kind ofdiscomfort or pain, indicating the onset o f  fatigue was measured. 
With the chewing o f gum, mean HR increased by 10.7 ± 1.1 beats/min, mean SBP by 9.4 ± 0.7 mmHg, 
mean DBP by 9.7 ± 0.7 mmHg, mean RR by 4.1± 0.7 cycles/min and BT by 0.3 ± 0.05 °C These 
changes were statistically highly significant. During the recovery, both HR and RR dropped exactly 
to the resting levels but SBP and DBP remained significantly elevated even after 10 minutes. Reduction 
o f the BT during the recovery period was very small and the mean BT was significantly higher than 
the basal level. These changes poorly correlate with the mean duration o f  comfortable chewing. The 
results o f this study show that the chewing activity is associated with considerable, generalized  
changes in the body. They also show that protracted rapid dynamic activity o f  muscles o f  mastication 
could evoke similar responses in the body to that evoked by mild exercise. Evaluation o f  these 
responses could be helpful to assess the workload on the jaw muscles. Further studies are essential 
to understand the association ofgeneral circulatory effects on the occurrence o f  muscle fatigue

Key words: Cardiovascular responses, respiratory responses, body temperature, muscles o f  
mastication, mild exercise
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Introduction

Responses to general muscular activity in the human 
body have been extensively studied and an}' standard 
textbook in physiology would describe these responses 
in considerable detail. Principally there is increased 
metabolic capacity of the motor units involved and three 
major effects of exercise on the cardiovascular system 
can be identified. They are (1) mass discharge of the 
sympathetic nervous system throughout the body with 
consequent stimulatory' effects on circulation, (2) 
increase in arterial pressure, and (3) increase in cardiac 
output. To deliver more oxygen and nutrients and to 
eliminate waste products the muscle blood flow 
increases drastically during exercise.

With the increasing metabolic activity, the demand for 
oxygen is very high and oxygen consumption may be 
even increased by twenty folds. To fulfill this requirement 
the pulmonary ventilation will increase with increased 
rate of respiration.

The maximum efficiency for conversion of nutrient 
energy into muscle work even under best conditions is 
only 20 to 25 percent. The remainder of the nutrient 
energy is converted to heat and gives rise to increased 
body temperature (Guyton 1998). This accumulation of 
heat can increase the body temperature to a level as 
high as 40° C (104° F) (Ganong. 1997).

Generally, human cardiovascular effects are assessed 
in terms of changes in heart rate and blood pressure 
after cycling (Faulkner et ah,1971; Hennansen et al„ 1970; 
Nobrega et al., 1994), treadmill exercises (Damato et 
al.,1966; Proctor et al., 1996) and handgrip contractions 
(Taylor et al., 1988). Respiratory' effects can be assessed 
by studying the changes in the respiratory rate and 
pulmonary ventilation.

During masticatory activity, the jaw is elevated and 
depressed, as the case may be, by a group of more than 
five pairs of muscles including the masseters, temporalis, 
lateral and medial pterygoids and the digastrics. 
Therefore it is reasonable to expect changes in 
cardiovascular and respiratory functions and in body 
temperature, in response to protracted activity of the 
masticatory m uscles such as continued chewing.

However such responses in relation to muscular activity 
confined to the masticatory apparatus are hardly 
documented. A review of the literature shows only a 
few studies recording responses only in cardiovascular 
system. These responses may be compared with that of 
mild exercise such as intermittent handgrip contractions.

Martina et al (1997) conducted a study to assess the 
cardiovascular responses to experimental chewing and 
compared the changes in respect of the chewing of 
gums of two different consistencies. A marked elevation 
of blood pressure and heart rate directly proportional 
to the consistency of the bolus was observed. Bakke. 
et al (1996) carried out an ultrasonographic assessment 
of the enlargement of the human masseter muscle after 
static and dynamic activity. In the same study they 
showed that cardiovascular responses are more with 
dynamic activity of muscles of mastication and the 
muscular activity was associated with muscle pain and 
swelling. Christensen et al (1996) studied gum-chewing 
in relation to jaw muscle fatigue and pain and inferred 
that mechano-physical work play a major role if clinical 
muscle fatigue develops during prolonged unilateral 
gum chewing. Farella et al (1999) have also compared 
the cardiovascular responses in humans to experimen
tal chewing of gums of different consistencies and sug
gested that the occurrence of fatigue during chewing 
activity is associated with general circulatory effects. 
However, several confounding factors, discussed be
low, that could influence the outcome of the study had 
not been dealt with adequately in some of these stud
ies.

The present study aims at ascertaining the changes in 
cardiovascular and respiratory functions and in the body 
temperature in response to prolonged dynamic activity 
of the muscles of mastication, together with the variation 
in the time-point for the muscles of mastication to 
become fatigued. This is to obtain information that 
would enhance the understanding of clinical disorders 
associated with the masticatory muscles such as 
myofascial pain dysfunction syndrome, fibromyalgia and 
etc.



Responses to protracted dynamic activity of muscles of mastication

Material and methods 

Subjects
A group of healthy volunteers consisting of 12 males 
and 6 females ranging in age from 22 to 30 (mean age 
25.4 ±2.5) years, who do not smoke or habitually chew 
gums participated in this study. They were fully dentate 
and free from any temporomandibular or myofascial 
disorders. They had no history or signs and symptoms 
of any cardiovascular or respiratory diseases. '

Method
Prior to the commencement of the experimental chewing 
activity, the subjects were encouraged to drink adequate 
quantities of fluid to ensure optimum hydration. The 
experiment was conducted two hours after lunch in an 
air-conditioned room where the ambient temperature 
and humidity were maintained at comfortable and 
constant levels (22° C). The volunteer subjects rested 
for 30 min in the air-conditioned room before the 
commencement of the experiment. Each subject had 
adequate sleep in the preceding night before the 
experiment. The subjects also abstained from consuming 
any food or beverage for 2 hours before the test. These 
precautions were taken in order to ensure that dietary, 
habitual and environmental factors do not influence 
the results of the experiment. The subjects were 
thoroughly instructed about the study before 
commencement. A type of mint-free bland chewing gum 
was selected for tire chewing activity.

For each subject, the heart rate (HR), systolic .blood 
pressure (SBP) and diastolic blood pressure (DBP), 
respiratory rate (RR) and body temperature (BT) were 
measured separately and repeated at five minute 
intervals for 15 minutes while the subjects had 7g of 
chewing gum in their mouths without chewing. At the 
end of the 15 minutes the subjects were asked to chew 
the gum using the preferred side of the jaw at a pace of 
100 cycles per minute for 15 minutes and the SBP, DBP, 
HR, RR and BT were measured at five minutes intervals. 
The rate of chewing was controlled with a metronome. 
The subjects were asked to bite as hard as to penetrate 
the piece of chewing gum by upper and lower teeth to 
co n tro l the  fo rce of m as tica tio n  before the 
commencement of the test the subjects were asked to 
inform the examiner as soon as they begin to feel any 
kind of discomfort or pain in their muscles of 
mastication indicating the onset of fatigue.

The point in time at which such sensation was felt was 
recorded. After 15 min of chewing they were asked to 
stop chewing and to rest the jaw  while having ihe gum 
in the mouth for 10 minutes. The SBP, DBP, HR RRand 
BT were measured at 2-min intervals commencing from 
the cassation of chewing.

An electronic blood pressure monitor was used to 
record the blood p ressure and  heart rate. Two 
examiners counted the respiratory rates of each sublet 
independently and simultaneously to ensure agggjflj^ 
and to avoid bias. (The use of the spirometer to record 
the respiratory rate was not practical while chewing 
gums). The axillary temperature was measured using 
a digital thermometer.

R esults

A statistical package (SPSS) was used for the analysis 
of data and control values were compared with test 
values using paired sample t test. In order to study the 
correlation Pearson’s correlation coefficients were cal
culated. Table 1 shows the means and standard errors 
of the HR, SBP, DBP, RR and BT.

Table R ffe a r t Rate (HR), Arterial Blood Pressures 
(SBP and DBP). Respiratory Rate (RR) and Body 
Temperature (BT) before, during and after the chewing 
period

Parameter Mean 
Basal ±  SE

Mean
Chewing = SE

Mean
Recoveiy ± SE

HR/min 67.1 ± 1.6 77.8 ± 2.0 * 67.3 ± 1.5

SBP(mmHg) 114.4 ± 1.6' 123.8 ± 1.8 * 117.2 ± 1.6

DBP(mmHg)72.3 ± 1.5
j

81.9 ± A.5 * 7̂ 4.3 ± 1.4

RR/min 18.6 ± 0 .8 22.7 ± 1.2 * 18.4 ± 0 .8

BT (°C) 36.1 ± 0.1 36.4 ± 0.1 * 36.3 ±0.1

Level of significance: *, p< 0.0001 
Paired t test was carried out to compare mean basal HR. 
SBP, DBP RR and BT with mean values of those during 
chewing period.
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The third reading recorded during resting period (basal 
level), which may be the least influenced by anxiety 
was compared with the five consecutive readings 
recorded during the recovery period. The paired t test 
was used and the results are given in Table 2.

HR during chewing period was significantly higher than 
the basal HR (P< 0.0001). The mean increase in HR was 
10.7 ± 1.1 beats per min. No significant difference was 
observed between the basal levels and mean recovery 
levels except at the first reading during recovery (Table
2) (Figure 1).

The mean increase in SBP was 9.5 ± 0.7 mmHg. The 
mean SBP during chew ing was very significantly higher 
than the basal SBP (P< 0.0001). All tire readings recorded 
during recovery period were higher than the third 
reading in the basal level and these differences were 
statistically significant (Table 2). The mean increase in 
DBP during chewing was 9.7 ± 0.7 mmHg and the mean 
DBP was significantly raised during chewing than

during basal levels (P< 0.0001). Mean DBP during 
recovery was still significantly higher than the mean 
DBP in basal levels (Table 2). And this shows that the 
blood pressure remains elevated even after 10 minutes 
of recovery (Figure 2 and 3).

85

Test period (min)

F igu re  1: C hanges in  H eart R ate  (HR) 
during  th e  te s t

Table 2: Comparison between the third reading of the basal level and the five consecutive readings during recovery 
period

Parameter Basal Level Recovery period
15min
(Third reading)

32min 34 min 36 min 38 min 40 min

HR/min 66.8 ±1.7 69.2 ±1.7 *68.3 ±1.7 67.2 ±1.6 66.3 ±1.4 65.5 ±1.4

SBP(inmHg) 113.8± 1.6 119.6±1.6 118.6±1.6
****

116.4±1.8
***

116.1±1.7 
***

115.6±1.6
***

DBP(mmHg) 71.8 ±1.4 76.1 ±1.4 
****

74.4 ±1.6 
***

74.7 ±1.4 
***

73.7 ±1.5 
**

72.6 ±1.5 
*

RR/min 17.9 ±0.8 19.7 ±0.9 
**

18.6 ±0.9 18.4 ±0.8 17.3 ±0.8 17.7 ±0.8

BT (°C) 36.1 ±0.1 36.4 ±0.1 36.3 ±0.1 
***

36.3 ±0.1 
**

36.2 ±0.1 
*

36.2 ±0.1

The third reading recorded during resting period (basal level) was compared with the five consecutive readings 
recorded during the recovery period with repeated paired t tests Level of significance: *. p< 0.05; **,p<0.01; ***,p<
0.001; ****,p<0.0001
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126.0
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F igure  2: C hanges in S y s to lic  B lood  
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F ig u re  3 : C h a n g e s  in  D ia s to l ic  B lo o d  
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F igu re  4: C h a n g e s  in R e s p ira to ry  
R ate (R R ) d u rin g  th e  te s t

Though the mean increase in BT was very small (0.3 ± 
0.05 °C) the mean BT during chewing was significantly 
higher than in the basal level (P< 0.0001). Further, the 
meanBT during recovery period was significantly higher 
than the basal level except the fifth reading obtained at 
the end of 10 min recovery period (Table 2) and this 
fluctuations in temperature is shown in figure 5.

Test period (min) 

Figure 5 : C han ges  in B ody 
T e m pe ra tu re (B T ) du ring  the  te s t

The mean increase in RR during chewing was 4 .1±
0.7 per min and mean RR during chewing was 
significantly higher than RR in the basal levels (P<
0.0001). The first reading recorded during recovery- 
period was significantly higher than the basal level 
and thereafter no statistically significant difference was 
observed (Table 2) (Figure 4).

Mean duration of comfortable chewing without ar 
discomfort or pain in muscles or mastication indicatin 
the onset of fatigue was 7.6 min. Pearson's correlate 
coefficients were calculated and this duration shows 
^  Poor correlation to SBP (y =0.08). DBP (y = 0 28 
HR (y= 0.09) and BT (y= 0.06).
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The findings in this stud}' demonstrate that the jaw 
muscles, despite their relatively smaller size, induce 
circulatory and respiratory changes and changes in 
body temperature during prolonged dynamic activity 
and such changes are represented by an increase in 
both HR, arterial BR RR and BT. The HR. SBP. DBP, 
RR and BT were increased noticeably during the 
chewing period.

These findings appear to be similar to those found 
during intermittent handgrip contraction! Farella et 
al., 1999. Taylor etal.. 1988). When expressed in terms 
of total body work using large amount of body 
musculature the changes during chewing gum amount 
to almost 100 kg per min (Bemy and Levy 1993).

Slightly elevated levels of HR. SBP. DBP and RR at the 
beginning of measurements are understandably due to 
anxiety' of the subjects with concomitant sympathetic 
discharge (Fig 1.2,3,4 and 5). Howeverthese effects tend 
to decrease with time. The marked increase in HR, SBP, 
DBP and RR with the beginning of dynamic activities of 
muscles of mastication show sufficient peripheral input 
which is due to masticatory activity' that increases the 
metabolism of the muscles concerned. This is also clear 
with the slowly increasing body temperature during the 
chewing period.

During the dynamic activity' of muscles of mastication 
HR. SBP. DBP and RR were elevated throughout the 
w'ork period and at the cessation of chewing these 
parameters began to fall gradually. But even after ten 
minutes of recovery both SBP and DBP w ere slightly 
elevated than the basal levels (than the readings 
obtained after 15 min of resting period) and these 
differences were statistically significant. The drop in 
HR and RR was very rapid and had gone down to the 
basal levels within 4 minutes during the recovery period.

Although a slight increase in BT can be caused by 
emotional excitements owing to the unconscious 
tensing of muscles (Ganong, 1997) the increase in BT 
observed in this study cannot be attributed to this 
reason. The increase occurred only after the

Discussion commencement of chewing activity' and remained within 
normal range just prior to the commencement of activity. 
Body temperature steadily increased throughout the 
working period and began to fall gradually with the 
cessation of chewing, and even after eight minutes of 
recovery the body temperature w'as noticeably high 
(Table 2 and Fig 5). The mean BT during the recovery 
period w as significantly higher than the mean BT at the 
basal levels (P < 0.05). This slow' decline during recovery 
may suggest an involvement of chemoreflex activation 
by metabolites arising from the active muscles.

The poor correlation of mean duration of comfortable 
chewing to the mean increases of blood pressure, heart 
rate and body temperature does not fully support the 
findings of the study done by Bakke etal in 1996. Further 
studies are essential to understand the association of 
general circulatory effects on the occurrence of muscle 
fatigue.

But the responses of the cardiovascular and respiratory- 
systems and body temperature may be fairly small for 
normal, day to day chewing activity as it is done at a 
lower pace. However similar effects of parafunctional 
chewing activity' such as bruxism or habitual chewing 
of gums may need to be elucidated.

The present study show's that protracted rapid dynamic 
activity of muscles of mastication could evoke similar 
responses in the body to that evoked by mild exercise. 
This study supports the findings of some workers, on 
this aspect of the activity of muscles of mastication. In 
addition, this study highlights the need to take general 
physiological factors into consideration when studies 
concerning activities or disorders of muscles of 
mastication are undertaken. Further, the evaluation of 
cardiovascular responses could be helpful to assess 
the w'orkload of the jaw muscles. It also points to the 
necessity of further studies in this regard.
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Use of distance education to update the knowledge and practies on infection 
control methods adopted by school dental therapists

R D F C Kanthi1, S Fernando2 and M T M Jiffry3 
Ministry of Health,

'  Faculty of Medical Sciences, University of Sri Jayewardenepura

Summary

The objective o f  this study is to plan, develop, implement and evaluate the effectiveness o f  a distance 
education program on infection control to School Dental Therapists (SDTs). A total o f  I I I  SDTsfrom 
the Western Province participated on this study. They were allocated to three groups where Group / 
was given Two Modules on Infection Control Methods; Group 2 was provided with the same modules 
and were exposed to several seminars on infection control whereas Group 3 was not subjected to any 
intervention. The period o f  intervention was six months and the subjects were instructed to not to 
discuss material related to the study members outside their group since it is a research project. Pre 
and post tests were conducted using MCQs and SAQs. A checklist was also prepared to observe the 
practices adopted by the SDTs on infection control as well as on the facilities available.

All three groups showed similarities in demographic, educational and professional experiences 
Group I and 2 showed significant improvement in knowledge after the intervention. This suggests 
that distance education technique is an acceptable method that could be utilized at least to train 
motivated SDTs on infection control, provided they have the necessary facilities.

Key Words: Distance education, infection control methods, school dental therapists

Introduction

The school dental therapists (SDTs) are trained to 
perform certain restricted essential clinical duties on 
children under 13 vrs old. These duties are limited 
conservative treatment on primary and permanent 
teeth, scaling and polishing of all teeth and extraction 
of primary teeth. The SDTs are also involved in oral 
health education of children, parents as well as 
teachers. At present there are 495 SDTs in employment 
at 290 school dental clinics: almost a third of them are 
attached to schools in the western province (Annual 
Health Bulletin, 1996).

Once the two years of basic training is completed by 
the STDs, there are no organized programs to update 
their knowledge and practices. It was revealed in a 
previous study that the infection control practices 
adopted in dental surgeries needed urgent 
improvements (Fernando, et al 1998). Knowledge and

practices on infection control needs constant review 
and update since there are newly emerging diseases as 
well as methods of infection control. Thus it is 
imperative that the SDTs are provided with a suitable 
in-service training program to enhance their know ledge 
and practices in infection control since serious 
infections such as HIV and Hepatitis B could be 
transm itted  through various d en ta l procedures 
(FeTttando, 1998). Therefore it is felt that a course on 
infection control should be developed on the distance 
education format to meet the needs of the SDTs 
D istance education technique is chosen since it 
provides an opportunity for the learner to learn at his/ 
her own pace and place. Moreover, the learner need 
not be dislodged from the work station thus retaining 
the services of the SDTs at the time of retraining. Hence 
this study has been undertaken to test the effectiveness 
of a distance education program  to improve the 
infection control practices adopted by the SDTs.
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PracticesMaterials a nd  M ethods  

Study Sample

The SDTs attached to the MOH areas of the western 
province except those belonging to the Colombo Mu
nicipal Council area and to the National Institute of 
Health Sciences of Kalutara constituted the study popu
lation. The SDTs selected for this study (i) had a 
minimum of one year of sendee as a SDT in the Min
istry of Health, (ii) were under 55 yrs of age on 31 Dec 
98. and (iii) were not noted for transfer or likely to 
take leave during the proposed study period. The above 
information pertaining to the SDTs were first obtained 
using a self-administered postal questionnaire. Prior 
to the commencement of the study, informed consent 
was obtained from the eligible SDTs.

All SDTs who qualified on the above criteria were se
lected to participate on this study on a voluntary basis. 
The MOH areas were randomly allocated to three 
groups retaining the STDs belonging to each MOH 
area as a cluster (Table 1). Group 1 was exposed only 
to the distance education program (DEP), group 2 was 
exposed to DEP and additional inputs were provided 
in the form of seminars and group 3 was not subjected 
to any intervention program. Thp three groups were 
assigned the above tasks on a random basis and was 
explained the nature of the study and requested not to 
discuss matters related to this study with any others 
during the study period.

Method

Knowledge

Pre and post tests were prepared using 20 multiple 
choice questions (MCQs) and 15 structured answer 
questions (SAQs) to assess the entry and exit 
knowledge of the SDTt on infection control. Similarly 
two DE modules were prepared. The first module was 
on general infection control procedures in School 
Dental Services and module two dealt with specific 
infection control procedures for the same. A study 
period of six months was allowed for all three groups, 
between the pre and post tests.

Practices adopted by the SDTs and the related facilities 
available were assessed by the use of two checklists 
respectively. These exercises were carried out before 
and after the intervention programs in continuing 
education using the same checklists.

Since the facilities available at a school dental clinic 
would affect the infection control practices and hence 
the results of the study, it was necessary to assess the 
facilities at each SDC before and after pre and post 
tests in theory and practice. The facilities available 
w'ere determined on the basis of the availability of the 
following categories of items/facilities; (a) essential 
facilities (permanent assistant, pipe borne water and 
electricity), (b) protective attire (masks, gloves, 
overcoals/uniforms) (c) Hepatitis B vaccination, (d) 
instruments and other supplies and (e) design of the 
SDC and its condition. Three observers were trained 
to use the checklist on practices adopted and identify 
the facilities available. About 20 minutes was allocated 
for the observers to identify the facilities available and 
thereafter they were instructed to complete the checklist 
whilst the SDTs were attending to their daily routine. 
The practices adopted by the SDTs were observed under 
the following activities.. They are:
1. Punctuality
2. Cleanliness (general cleanliness of the clinic, 

personal cleanliness of the SDT)
3. Boiling of the Instruments and disinfections methods 

adopted (time chart)
4. Instruments storage, transport and handling methods
5. Cleaning of the used instruments and working place
6. Use of protective attire
7. Temporary storage of clinical wastes
8. Waste disposal methods

Analysis
The data collected consisted of (a) general bio data, 
(b) pre and post test MCQ and SAQ marks, (c) 
information gathered on practices using the checklist 
and (d) the list of facilities available. The statistical 
analysis was done using Epi Info version 6.0.
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Table 1 : The number of STDs and the distribution of MOH areas assigned to each study group

Number of MOH areas included in each erouD
Group 1 

8
Group 2

10
Group 3 

10

Total no. of SDTs 42 41 44

Number eligible 40 34 41

Number actually participated 37 34 40

% of eligible SDTs volunteered for the study 92 100 98

R esults

Study Sample
The distribution of the MOH areas for each group is 
shown in Table 1. Out of the 127 SDTs attached to the 
MOH areas in the western province, only 115 SDTs 
qualified to be included in the study. The number of 
SDTs who participated for both pre and post tests were
111.

More than 90% of the SDTs eligible voluntarily 
participated in the study. The average service 
experiences (mean 4^sd) of the SDTs in groups 1, 2 
and3were 19.5+8.2, 17.6+7.9, and 18.4+10.0 years 
All SDTs adhered to the instructions given with regard 
to the study and extended their fullest cooperation.

K nowledge

Table 2 shows the combined marks obtained for MCQ 
and SAQ papers before and after the intervention by 
the three groups, respectively. There was no significant 
difference between the groups with regard to their 
period of sendee. Similarly there was no significant 
difference between the groups on the number of in
sen ice training programs they have followed or age. 
The average marks obtained by each group for the 
MCQ and SAQ papers did not show a significant 
difference at pre-intervention stage. On the contrary, 
the same exercise was repeated after the intervention 
there was an increase in the marks scored by all three 
groups. However, the differences in marks obtained 
were significantly higher (p < 0.05) in groups 1 and 2 
when compared to the insignificant increase observed 
in group 3 (control group).

Table 2 : Pre and Post intervention combined marks obtained by each study group

Pre-test score combined for MCQ and SAQ 
(Mean + sd)

Post-test score combined for MCQ and SAQ 
(Mean + sd)

Group Mean SD Mean SD

1 53.10 11.18 78.34 5.98
2 49.69 12.20 74.50 8.45

3 Control 47.59 11.15 50.96 10.98
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Practices

The assessment of the facilities available revealed that 
there were no significant difference of the facilities 
between the pre and post intervention stages.

The results of the analysis of the practices as assessed 
foe each of 8 activities is shown in table 3. Pre and 
post intervention scores for practices were significantly 
different for all three groups except for punctuality and 
waste disposal practices in groups 1 and 3.

Table 3 : Comparison of the difference between mean (+ sd) pre and post intervention performance scores 
amongst the three groups

Activity Study Group Difference between Significant or not
mean pre and post 
intervention scores

at p< 0.05 level

Punctuality 1 -2.8 Not significant
2 47.2 Significant
3 10.3 Not significant

Cleanliness 1 5.9 Significant
2 8.3 Significant
3 2.5 Significant

Boiling of instruments 1 15.2 Significant
2 17.8 Significant
3 3.6 Significant

Storage of instruments i , 10.0 Significant
2 12.5 Significant
3 2.6 Significant

Cleaning of used instruments 1 4.9 Significant
2 6.2 Significant
3 0.6 Significant

Protective attire 1 4.8 Significant
2 7.3 Significant

\ 3 1-.6 Significant
Temporary storage of wastes 1

2
4.5 Significant
7.3 Significant

3 0.7 Significant
Waste disposal 1 13.4 Not significant

2 59.7 Significant
3 10.4 Not significant
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Discussion 

General conditions

The number of SDTs participated in each group and 
their pre intervention working conditions were almost 
the same. Furthermore, the base level knowledge, age, 
service period, experience and the in-service training 
programs followed by the three groups were not 
significantly different. Over 92% of the eligible SDTs 
voluntarily agreed to participate in this study. It 
indicates their willingness and motivation for distance 
education programs of this nature. Moreover, all the 
SDTs adhered to the instructions given with regard to 
the study and extended their fullest cooperation. Since 
the SDTs in an MOH area adm inistratively, 
occupationally and physically work in a closed 
environment as a cluster group the likelihood of cross
group contamination (passing of information related 
to the study) is observed to be minimal. Similar studies 
have been conducted successfiilly on AMPs (Jiffry et 
al 1993) and on Public Health Midwifes (Fernando, 
et al 1997) using the same approach.

Knowledge

The SDTs in groups 1 and 2 had shown marked 
improvement in the average post intervention 
knowledge scores obtained in comparison to that of 
the control group. The control group has only shown 
a marginal increase in the knowledge scores obtained 
between the pre and post intervention. This marginal 
difference may be due to the exposure to the pre test 
from which the questions could have been 
remembered: they may have actively searched for the 
answers during the study period. The fact that group 
1 demonstrated the highest increase in the post test 
scores on the knowledge component highlights that 
the study module alone is suffice to bring in a 

> >• significant improvement in certain circumstances. It 
is also reviewed in the literature that the print media 
is one of the strongest in distance teaching (Harden. 
1988).

Practices

Except for punctuality and waste disposal in groups 1 
and 3. all other activities showed a sign ifican t 
improvement after the intervention (Table 3). it may 
be that the knowledge gained from the study modules 
would have contributed to the observed improvement. 
Perhaps it may also be due to the Hawthorne effect 
where an intervention program  is conducted on 
motivated subjects are likely to be sensitive for external 
evaluations due to motivation. Perhaps, this max 
account for the significant improvement noted in the 
control group. It may also be that practices like 
punctuality and waste disposal methods adopted have 
more external influences and the SDTs alone max not 
have sufficient freedom and powers to bring in change.

It is satisfying and encouraging to note that all the 
other activities observed in this study as shown in 
table 3 have improved significantly.

Facilities

Health care workers are unable to earn out procedures 
if  the basic essential facilities are not available for them 
(Sukanto, 1998). Therefore, it is essential to examine 
the facilities available for SDTs during the course of 
this study to evaluate their practices and performance. 
In this study the facilities available were determined 
under five categories as described in the methods 
section. In the absence of any significant improvement 
of available facilities for all three groups it could be 
concluded that if there w ere any changes in know ledge 
and practices within the study groups, they w ere purely 
on the basis of the type of intervention program  
introduced in this study-. Since, group 1 had shown a 
significant increase on the knowledge gained after the 
intervention, their performance could have also shown 
a similar improvement, if the facilities available w ere 
sufficiently increased. Hence, it is concluded that the 
distance education techniques adopted here had 
improved the knowledge base as well as practices 
adopted by the SDTs on infection control. It has been 
shown in a previous study (Tan. 1998) that w ithout 
the essential instruments and other facilities health care 
workers could not significantly improve their quality
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of sendee. This should be borne in mind in planning 
continuing education programs of this nature. This 
would also be a critical factor in converting the 
knowledge one acquires through distance education 
into clinical practice.
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Temporomandibular joint internal derangement: 
disc displacement and perforation

S P A G Ariyawardana
Division o f  Oral Medicine, Faculty o f  Dental Sciences, Peradeniya

( CASE REPORT ^

Introduction

Temporomandibular disorders (TMDs) can be defined 
as a group of clinical problems associated with the 
tem porom andibular jo in t (TM J), m asticatory  
musculature and associated stmctures. Aetiology of 
TMDs is complex and multifactorial (Okeson, 1996).

Currently the symptoms associated with TMDs are 
thought to be due to a group of psycho-physiological 
disorders in which an injury producing activity may 
be initiated resulting in overload of the joint and its 
surrounding structures (Hay and Foreman. 1994). It 
has recently been proposed that TMJ disorders could 
result from an underlying molecular derangement as 
a response to a mechanical stress to the joint (Milam 
and Schmitz, 1995). TMJ dysfunction symptoms occur 
when physiological tolerance or reparative capacity of 
the tissues involved are exceeded (Okeson, 1998).

Cross sectional epidemiological studies have showm 
that 40 -  75 percent of population have at least one 
TMJ symptom such as pain, difficulty in opening the 
mouth and clicking. However, these symptoms may 
not necessarily drive the person to seek treatment and 
only 3 .7 -7  percent need treatment (Okeson, 1996).

Internal derangement is defined as an abnormal 
relationship of the articular disc to the mandibular 
condyle, glenoid fossa and the articular eminence of 
the TMJ (Dolwick and Riggs, 1983). Internal 
derangement arising due to the dysfunction of the disc 
condyle complex are called disc interference disorders 
and found to be common in the general population 
(Okeson, 1991).

Trauma (macrotrauma and microtrauma) is considered 
•to be one of the main factors which initiate disc 
interference disorders. Macrotrauma includes direct 
impact to the mandible, trauma occuring during eating 
such as biting a hard food, excessive opening of the 
mouth (e.g: yaw ning, prolonged dental procedures) and 
trauma during intubation procedures.

Continuous forces applied to the joint stmctures for a 
long period of time such as bruxism or clenching could 
be considered as microtrauma. It has been thought 
that the underlying mechanism for disc interference 
disorders is elongation or stretching of the capsular 
and discal ligaments together with thinning of the disc 
(Okeson. 1998).

Different forms of disc displacements are commonly 
observ ed in internal derangement disorders of the TMJ 
(Lundh and Westesson. 1991). However, two main 
clinical categories have been identified under disc 
interference disorders. They are (1) disc displacement 
with reduction and (2) disc displacement without 
red u c tio n  (D olw ick  and  R iggs, 1983). Disc 
displacem ent w ith  reduction  is described as an 
alteration of the disc-condyle structural relation during 
the translatory movement of the mandible with opening 
and closing. The disc is anteriorly displaced and 
"reduces’" or establishes its original relationship with 
the condyle when the mandible moves forward at the 
m axim um  opening. T his movement is indicated 
clinically by clicking or popping (Okeson. 1996). Disc 
displacement without reduction is described as an 
altered or misaligned disc condyle relation that is 
maintained during mandibular translation. Thus, the 
disc is not ' reduced’' or does not go back to its original 
p o sitio n  w ith  th e  tra n s la to ty  movement The 
pathogenesis of these alterations is not well understood 
and the clinical outcome of these events is difficult to 
predict (Widmark et al., 1997).

Case Report

A 74 year old retired male was referred to the Oral 
M edicine C linic, O ral H ealth  Unit. Green Lane 
Hospital, Auckland. New Zealand by his general 
practitioner for a second opinion regarding a TMJ 
problem. Six months ago he had experienced a "bang"
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in the left TMJ while eating an apple. Since that event 
the patient had persistent clicking for six months, after 
which it disappeared. He was having some annoying 
sound and discomfort in his left TMJ with limited mouth 
opening. No pain accompanied chewing and biting.

His past medical history revealed that he was suffering 
from atrial fibrillation, hypertension and was on 
warfarin 6mg per day, verapamil 120mg per day and 
bendrofluazide 1.25mg per day. His international 
normalised ratio (INR) was 2.2 - 2.6 as measured one 
week before he attended the Oral Health Unit.

On examination there was a marked limitation of the 
mouth opening, at 27 mm interincisally, with deflection 
of the mandible to the left side. There was a marked 
limitation in laterotrasion to the right side. There was 
no muscle or joint tenderness on both sides. There was 
a crepitation on auscultation of the left joint. There was 
no occlusal disharmony and he had satisfactory oral 
hygiene.

Panoramic radiography revealed narrowing of the joint 
space of the left side (Figure 1). The articular surfaces 
and the condylar shape appeared norm al. The 
arthrogram showed anterior disc displacement with 
perforation and fluoroscopic visualization confirmed 
the non-reducing disc position (Figures 2.1. and 2.2). 
The diagnosis of anterior disc displacement with 
perforation was confirmed. Available modalities of 
treatment including arthroplasty and discectomy were 
explained to the patient. The patient was referred to an 
Oral Surgeon who confirmed that a discectomy was 
appropriate.

Warfarin was stopped two days before admission and 
the INR was measured prior to the operation according 
to the cardiologist’s opinion. Left TMJ discectomy was 
performed under general anaesthesia.

Surgical Procedure

Sofradex was placed to cover the external auditory 
meatus after aseptic preparation of the skin. The pre- 
auricular incision was used with sharp dissection down 
to the avascular plane of temporalis fascia.

Figure 1. A Panoramic radiograph showing narrowing 
of the tempromandibular joint space of the left side.

Figure 2.1. Arthrography of the left TMJ showing the 
disc, upper and lower joint spaces filled with contrast 
media suggesting perforation of the disc.

Figure 2.2. Arthrography of the left TMJ at open 
position showing anteriorly displaced disc.
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There were no immediate post-operative complications. 
Warfarin was started again in the evening of the same 
day. The patient was advised to use a soft diet and jaw 
mobilisation exercise commenced two days after the 
surgery.

Discussion

Temporomandibular joint internal derangement

The patient was reviewed four weeks after the surgery 
and there was an improvement in mouth opening to 37 
mm interincisally. He was instructed to perform mouth
opening exercise by placing fingers of the right hand 
on lower incisors and pulling the mandible down gently 
several times per day.

The differential diagnosis at the presentation should 
include internal derangement of the TMJ such as disc 
displacement without reduction, disc perforation and 
benign or malignant tumours within the joint. However, 
the history and clinical examination revealed disc 
interference perhaps disc displacement without 
reduction rather than a neoplastic change.

The diagnosis should be confirmed by a reliable 
imaging technique since the status of the joint cannot 
be accurately determined by clinical examination alone 
(Paesani et al., 1992).

The temporal fascia was incised 2-3 mm immediately 
anterior to the skin incision. A subperiosteal incision 
was carried out along the zygomatic arch in order to 
elevate the flap with the periostium and dense fibrous 
tissue over the arch. Inferiorly, the dissection was 
carried down to the capsular attachment to the lateral 
condyle (Figure 3). The capsule was incised 2-3 mm 
below the lateral lip of articular fossa. The upper joint 
space was examined and large perforation in the 
anterolaterally displaced disc was identified (Figure 4). 
The disc was removed in pieces (Figure 5). The articular 
surface was examined and found to be normal. No 
material was placed to substitute the meniscus. The joint 
cavity was well irrigated with saline. The capsule was 
repaired with 4/0 Mersiline and fascia with 3/0 chromic 
gut. A vacuum drain was inserted and subcuticular 
tissue sutured with 3/0 chromic gut and the skin with 
4/0 nylon. Soframycin ointment was applied over the 
wound and a skin dressing was placed.

F ig u re  3. Intra-operative photograph showing the 
capsule of the TMJ.

F ig u re  4. Intra-operative photograph showing the 
perforated and laterally displaced disc.

F igure  5. Intra-operative photograph showing 
removal of the disc
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Diagnostic options for TMJ disorders van from simple 
plain radiography, panoram ic rad iography, 
conventional tomography, arthrography, computer 
tomography (CT) and magnetic resonance imaging 
(MRI). Arthrography plays a main role in diagnosing 
disc displacement and perforation (Dixon, 1991). 
However, arthrography is not very good in detecting 
fine adhesions in the joint.

Magnetic resonance imaging (MRI) can be regarded 
as the first line of imaging since it provides accurate 
information about disc position and degenerative 
changes (Sanchez-Woodworth et al.. 1988; Rao et ah. 
1990). Arthroscopy is superior to arthrography and 
MRI in diagnosing disc perforation and adhesion (Rao 
et al., 1990).

Internal derangem ent has been trea ted  w ith 
conservative and surgical methods (Nitzan et al., 1991; 
Erickson and Westesson, 1992; Holmund et al., 1993; 
Dimitroulis et al., 1995; Widmark et al., 1997). 
However, surgical treatment should be considered only 
for the patients who do not respond to non-surgical 
methods (Dolwick and Riggs, 1983; Hay and Foreman, 
1994).

Since the morphology of the tissue is altered in chronic 
disc displacements, the success of non-surgical 
treatment m odalities reduces as the disease is 
progressed (Okeson, 1998). Therefore, when the disc 
is grossly distorted in structure or ruptured in chronic 
displacement, surgical treatment (discectomy) may be 
tlie only option available for the clinician (Hay and 
Foreman, 1994; Okeson, 1998).

The current surgical options available for the treatment 
of disc displacement w ithout reduction include 
arthrocentesis (Nitzan et al., 1991), arthroscopic 
surgery (Sanders, 1986), arthroplasty' and discectomy 
(Eriksson and Westesason, 1985; Holmund et al., 1993; 
Widmark et al.. 1997; Okeson. 1998).

Discectomy is one of the most frequently used treatment 
for painful disc interference of the TMJ (Eriksson and 
Westesson, 1992; Holmund et al., 1993) and patients 
benefit subjectively and clinically (Widmark et al., 
1997). Specific objectives of surgery are to eliminate

disturbing manifestations, alleviate pain and thereby 
improve mandibular function (Holmund et al., 1993).

Discectomy can be done with or without substituting 
the disc (Okeson, 1998). D iscectomy without 
substituting implants seems to be an effective surgical 
procedure (Holmund et al.. 1993). Silicone implants 
have been used in the past. However, development of 
destructive lesions in the condyle subsequent to 
im plants, discourages surgeons to attempt this 
procedure (Westesson et al., 1987; Eriksson and 
Westesson. 1992). Proplast teflon discal implants have 
shown certain degree of disintegration together with 
degenerative changes in the articulating surfaces 
(Heffez et al.. 1987). Erikssqn and Westesson (1985) 
reporting on a retrospective analysis of 15 patients who 
had undergone discectomy, stated that there were 
radiological evidence of osteophytes, flattening of the 
condyle and the eminence. However, the results 
indicated that menisectomy relieves pain and 
dysfunction regardless of degenerative changes.

Arthroscopic surgery is also an option in treating intra- 
capsular lesions. It is highly effective in releasing disc 
and fossa surface stickiness and adhesions that 
contribute to persistent closed lock (Sanders, 1986). 
Arthrocentesis is found to be successful in treating 
closed lock (Nitzan et a l, 1991). In this procedure two 
needles are placed into the joint and sterile saline 
solution is passed through, lavaging the joint.

The success of the surgery depends on the post
operative physiotherapy (Hoffman et al., 1991) 
T ranslatory  movement in the jo in t should be 
encouraged as soon as possible to inhibit the formation 
of adhesions and to maintain interincisal opening 
achieved by surgery. The patient should be advised to 
maintain physical exercise until reasonable mouth 
opening is achieved. Analgesics, particularly non
steroidal anti-inflammatory drugs, are beneficial to 
alleviate residual pain.

Careful identification of the problem and the selection 
of appropriate treatment are important in long term 
successful management of the internal derangement 
disorders.
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