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Acute dentoalveolar abscess is a common infection of man
which originates at the root apex of a tooth with a necrotic pulp and
spreads locally into the surrounding faciai tissues. Recent studies
have shown that these abscesses are usually polymicrobial with
anaercbic gram-positive cocci or anaerobic gram-negative bacilli being
the predominant species. Although the literature contains qualitative
information about the types of microorganisms involved, little
quantitative data is available on the overall microbial load and the
relative proportions of individual bacterial strains. The present
study was performed to characterise and quantify the microbial species
present in each of 50 acute dentoalveolar abscesses using aspiration
sampling and culture techniques capable of isolating strictly
anaerobic bacteria. Not only did the results confirm that acute
dentoalveolar abscesses usually contain a mixture of bacterial species
(mean number of species per abscess, 3¢3) but also revealed that
organisms were present in high concentrations (mean bacterial load,
7.9 x 10° cfu/ml). Forty per cent of the abscesses studied had a
purely anaerobic flora whereas 6 per cent yielded facultative
bacteria only. Although a mixture of facultative and strictly
anaerobic bacterial species was cultured from 27 abscesses, strict
anaerobes predominated in all but 5 of these cases. A wide range of

bacteria was isolated but Strep. milleri, Peptococcus species,

Peptostreptococcus species, B. oralis, B. gingivalis and

B. melaninogenicus were the most frequent. Not only were strict

anaercbes isolated more often than facultative bacteria but they were

also recovered in higher concentrations. The results of this study

28




confirmed the polymicrobial nature of acute dentoalveolar abscess and
provided scientific data to support the current general impresssion

that strict anaercbes predominate in these lesions.

A comparison of the microbiological findings and the
symptoms of pain, swelling and temperature for each patient showed
that pus samples yielding a strictly anaerobic flora, especially
fusobacteria, tended to be recovered from patients who had experienced
symptoms for a longer period of time than those who had abscesses with

a facultative flora.

In polymicrobial infections involving commensal bacteria it
is difficult to decide if one species is more pathogenic than another.
Since little is known about the pathogenicity of the microorganisms
isolated from acute dentoalveolar abscesses, an experimental model of
infection in mice was developed to determine if individual strains or
mixed cultures were capable of producing a subcutaneous abscess.

Strains of Strep. milleri, anaerobic gram-positive cocci and anaerobic

gram-negative bacilli were found to be pathogenic. Differences were
noted both in the subsequent recovery of the bacteria inoculated and

in the type of tissue reaction produced. B. melaninogenicus and

F. nucleatum produced localised abscesses and were recovered in high
concentrations significantly more frequently than other bacteria.

Strep. milleri and anaerobic gram-positive cocci also produced

localised abscesses but these were accompanied by less necrosis of the
surrounding tissues and then bacteria were not always recovered in

high concentrations. B. gingivalis was also infrequently recovered in
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high concentrations, but in contrast to the other bacteria, this
species on occasions produced a diffuse tissue reaction rather than a
localised abscess. The variations in tissue reaction observed may .
partially explain the differences in the clinical presentation of

acute dentoalveolar abscess seen in patients;

The next area investigated was the antibiotic sensitivity of
acute dentoalveolar abscesses. This information is useful since it is
sometimes necessary to prescribe antibiotics in the treatment of these
acute infections and usually before microbiological results are
available. Primary and secondary antibiotic sensitivity tests were
performed on 50 pus samples using a comparative disc diffusion method.
The antibiotics tested included amoxycillin, ampicillin,
cephaloridine, clindamycin, erythromycin, penicillin, metronidazole
and tetracycline. Primary and secondary antibiotic tests gave very
similar results which suggests that testing of primary cultures is as
reliable as the more widely used secondary tests. Although the
majority of isolates were sensitive, no single antibiotic was found to
be effective against all the bacterial strains. Resistance to the
antibiotics other than metronidazole was demonstrated by occasional

strains of Strep. milleri, B. distasonis, B. melaninogenicus and

F. nucleatum. All the facultative isolates were resistant to

metronidazole and all the strict anaerobes were sensitive.

The susceptibility of a selection of bacteria classified as
resistant or moderately sensitive by the disc diffusion tests was
investigated in more detail using agar dilution and broth dilution

methods. In general, determination of minimum inhibitory
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concentration and minimum bactericidal concentration confirmed the
sensitivity results of the agar diffusion disc tests. The results
also indicated that the growth of a small number of isolates was not
inhibited by levels of antibiotic which are normally obtained in the

blood following conventional doses.

The final study was a clinical investigation to assess the
effectiveness of a short-course of high-dose amoxycillin compared to a
longer conventional regimen of phenoxymethylpenicillin. Subjective
and objective recordings of pain, swelling, lymphadenopathy and
temperature were made in 60 patients over a treatment period of 7
days. Since the two experimental groups, (30 patients each), were
well matched for presenting symptoms, bacterial culture and surgical
management valid comparisons could be made and any differences related
to antibiotic therapy. The results indicated that a short-course of
high-dose amoxycillin (two 3g sachets, second sachet taken 8 hours
after the first) was as effective as a conventional course of
penicillin (250 mg tablet four times daily for five days). A greater
reduction in swelling during the first 24 hours of treatment was noted
in the patients who received the high-dose amoxycillin regimen. This
observation may be due to the greater 1liklihood of high-doses

achieving inhibitory levels of antibiotic at the site of infection.

In conclusion the results of this thesis highlight the
importance of strict anaerobes in acute dentoalveolar abscesses,
provide further information on the pathogenicity and antibiotic

sensitivity of the bacterial species involved and demonstrate the
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efficacy of short-course high-dose antibiotic therapy in treatment of

this acute dental infection.
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ACUTE DENTOALVEHOLAR ABSCESS

1.1 INTRODUCTTON
1.1.1 Historical introduction

Man has suffered from dental disease since earliest times
(Wells, 1964) and the presence of dental caries in modern wild
anthropoid apes has led to suggestions that it could have affected
man's ancestors (Bothwell, 1972). Evidence of dental caries and
dental abscesses is seen in human jaws discovered at archeological
sites throughout the world. The earliest example is probably the 11
carious teeth present in the skull of Rhodesian man (c. 50,000 B.C.),
4 of which have abscess cavities around their roots (Bothwell, 1972).
The maxilla shown in Figure 1.1 is dated from approximately 2,500 B.C.
and is representative of the early cases found in the United Kingdom.
It was excavated from a three-chambered cairn at Loch Calder,
Caithness (Corcoran, 1964 - 1965) and has an obvious abscess cavity

surrounding the root apices of an upper molar tooth.

The first written evidence of acute dental abscesses is
likely to be the references to the '"puncturing of gums" for the relief
of toothache in Chinese medical works from 2,700 B.C. (Taylor, 1922)
and the descriptions of "painful swellings of the teeth" in the Ebers'
medical papyrus, an ancient Egyptian manuscript dated from
approximately 1,550 B.C. (Guerini, 1909). The Ebers' papyrus lists
the ingredients of a number of pastes to be used for relief of dental

pain and refers to "throbbing of the bennut blister in the teeth",
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Figure 1.1: Maxilla, dated c. 2,500 B.C. The bone loss around the
root apices of the upper left first molar is believed

to have been caused by a dentoalveolar abscess.
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which is believed to describe dental abscess.

The decoration of a Phoenician burial vase found in the
Crimea and dated c. 1,000 B.C. is possibly one of the earliest
pictorial recordings of a person suffering from a dental abscess
(Figure 1.2). The skull that was found with the vase has bony cavities
around the roots of the lower molars which would support the presence
of a dental abscess (Lufkin, 1948) but whether this infection was
responsible for the death of the man is open to speculation. Evidence
that dental abscesses were responsible for severe illness and death in
these early days is provided by Hippocrates, who stated, "In the case
of necrosis of the tooth the supervening of a strong fever with
delirium gives reason to fear a fatal exit" (Guerini, 19009).
Hippocrates also gave one of the earliest descriptions of rudimentary
dental forceps that could be used for the extraction of abscessed

teeth.

It is apparent from reviews of dentistry from earliest times
to the beginning of this century that dental abscesses have affected
man throughout the ages (Guerini, 1909; Lufkin, 1948). Their
management has included the application of pastes onto painful areas
of the mouth, incision of tissue swellings and extraction of
affected teeth. How successful these were is unknown but death due to
the spread of dental infection into the head and neck would appear to

have been a well recognised complication.
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Figure 1.2:

Line drawing of an illustration on a Phoenician burial
vase, dated 1,000 B.C., believed to be one of the
earliest pictorial recordings of treatment for a dental

abscess.

36




A major advance in the understanding of dental abscess was
the appreciation by Miller (1890) of the involvement of
microorganisms. The subsequent discovery of penicillin and
development of a range of antibiotics resulted in dramatic
improvements in the control of human infection, including dental
abscesses. However, although dental abscess is no longer regarded as
a life-threatening condition serious sequelae such as Ludwig's angina

still occasionally occur (Gold and Sager, 1974; Bounds, 1985).

1.1.2 Terminology

A variety of terms have been used in the literature to
describe dental abscesses (Table 1.1) and this has led to confusion
concerning the exact lesion to which reference was made. It is
important to define accurately the different types of abscess that
occur in the mouth and to be able to distinguish one that originates
from a dead tooth from one that may have a similar clinical

presentation but have a different aetiology.

Dentoalveolar abscess would appear to be the most
appropriate term as it highlights the dental origin of the lesion and
includes the involvment of the surrounding alveolar bone. Grossman
(1946) defined dentoalveolar abscess as " a localised collection of
pus in the alveolar bone at the root apex of a tooth following the
death of the pulp, with extension of infection through the apical
foramen into periapical tissues". This definition is clear and
therefore the term dentoalveolar abscess will be used throughout this

thesis, with the prefix acute since it was this stage of the infection

which was studied.
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First Author

Gilmer
Head
Fraser
Bulleid
Grossman
Bourgoyne
Alin
Cawson
Feldmann
Sabiston
Chow
Bartlett
von Konow
Aderhold
Oguntebi
Williams

Heimdahl

Table 1.1:

Year

1914
1919
1923
1931
1946
1949
1954
1962
1966
1977
1978
1979
1981
1981
1982
1983

1985

Terminology

Acute apical abscess

Apical abscess

Periapical abscess

Acute alveolar abscess
Dentoalveolar abscess
Periapical abscess

Acute dentoalveolar abscess
Acute local periodontitis
Submucous abscess

Dental pyogenic infection
Periapical abscess
Perimandibular space infection
Dentoalveolar abscess
Dentogenous pyogenic infection
Periapical abscess

Abscess of endodontic origin

Oro-facial infection of odon-
togenic origin

Terminology used to describe acute dental abscess.
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1.1.3 Prevalence

Although no precise information is available concerning the
prevalence of acute dentoalveolar abscess in the United Kingdom,
British texts of Oral Surgery refer to it as a common clinical
condition (Sowray, 1985; Howe, 1985). In recent years there has been
a reduction in the incidence of dental caries in parts of the United
Kingdom (Anderson et al., 1982) and since caries is generally assumed
to be the most frequent cause of acute dentoalveolar abscess there is
likely to be a reduction in the incidence of acute dentoalveolar

abscess in the future.

1.2 AETTOLOGY
1.2.1 Development

The stages involved in the development of an acute
dentoalveolar abscess are shown in Figure 1.3 and are well described
in texts of Oral Pathology (Shafer et al., 1983; Soames and Southam,

1985).

The dental pulp is a highly vascular and organised
collection of connective tissue contained within the pulp cavity of a
tooth. The apical foramen is the route by which blood vessels,
lymphatics and nerves enter the pulp chamber (Figure 1.4), although in
some cases vessels may also gain access through accessory canals in
the apical region. Like any other tissue the pulp will react to
noxious external stimuli by producing an acute inflammatory response,
described as pulpitis. Since swelling of the pulp tissue is prevented
by the surrounding calcified walls of the tooth inflammatory oedema

increases the pressure within the pulp chamber leading to ischaemia.
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ACUTE DENTOALVEOLAR ABSCESS

Figure 1.3: Stages of development of acute dentoalveolar abscess.
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In time localised destruction of the pulp occurs which eventually

extends to the entire pulp with resultant liquefaction and necrosis.

Causes of pulpitis leading to pulp death include; caries,
heat production during dental cavity preperation, chemical irritation
from dental restorative materials, physical entry of microorganisms
into the pulp during cavity preparation or following a fracture of the
tooth crown and finally severence of the apical vessels as a result of
trauma (Cawson, 1984). Death of the dental pulp, for whatever cause,
is followed by an inflammatory response in the structures surrounding
the root apex (Bahn, 1985), known as apical periodontitis. How this
develops is uncertain but is likely to involve local diffusion of
bacterial endotoxins, immune complexes and proteolytic enzymes from
the pulp via the apical foramen (Naidorf, 1972; Morse, 1977;
Torabinejad and Bakland, 1978; Schoenfeld et al., 1982). Apical
periodontitis may progress rapidly into an acute dentoalveolar abscess
but due to the vascular elements in the periapical tissues a chronic

inflammatory condition, the periapical granuloma, frequently forms

(Bahn, 1985; Soames and Southam, 1985).

The periapical granuloma is usually symptomless and may
remain undetected for many months or years during which time
approximately half undergo change to produce a periapical cyst
(Lalonde and Luebke, 1968). Either of these lesions may subsequently
become infected and develop into an acute dentoalveolar abscess,
although the reasons for these changes and the source of the infecting

microorganisms are uncertain. Three pathways of bacterial invasion
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have been preposed (Figure 1.5); 1. spread from the pulp through
apical foramen, 2. spread from the gingival margin via the
periodontal ligament and 3. spread via the blood vessels of the
circulation. The most likely route is direct spread of bacteria from
a pulp infected due to destruction of the crown by dental caries, but
this is not always the case since dentoalveolar abscesses can develop
from teeth without caries. It has been suggested that in these
circumstances bacteria reach the apical area via the general
circulation or vessels in the periodontal ligament since animal
experiments have shown that bacteria can spread by these routes
(Robinson and Boling, 1941; Burke and Knighton, 1960; Grossman,

1967).

1.2.2 Spread of infection

Once an abscess at the apex of a tooth is established
infection can spread by a number of pathways (Figure 1.6). The
possible routes are dictated by the density of surrounding bone, the
relationship of the root apex to the facial muscles and anatomy of the
adjacent tissue planes (Birn, 1972). These structures will determine
the point at which discharge of pus will occur and whether the

infection presents intraorally or extraorally.

The vast majority of dental abscesses remain within the
facial tissues although there is always the potential danger of
infection spreading backwards into the tissue spaces of the head and
neck. Fatalities have been reported following the spread of
dentoalveolar abscess into the pharynx (Fein and Mochnac, 1973; Marks

et al., 1974), the cavernous sinus (Haymaker, 1945) the brain (Ingham
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et al., 1978), the meninges (Hedstrdm et al., 1980), the orbit (Gold
and Sager, 1974), the myocardium (Palank et al., 1979) and the

mediastinum (Moncada et al., 1978; Bourds, 1985).

1.3 CLINICAL PRESENTATION

Guralnick (1984) described a typical history of a patient
suffering from an acute dentoalveolar abscess as follows; "The
patient may have had violent pain and swelling 12 or 24 hours
previously. He may also recall that for the past month or two his
tooth had been sensitive to hot and cold foods but he had delayed
visiting his dentist because the discomfort was moderate and
intermittent. Last night, however, intense pain had developed and his
face had bequn to swell. The pain had continued to increase, he had
not slept and is exhausted, and he is now seeking help." Diagnosis of
acute dentoalveolar abscess can usually be made relatively easily from
a c¢linical history such as this, although the presenting clinical
symptoms described by individual patients with can vary widely
depending on a number of different factors. These factors include the
duration and site of infection, host defence mechanisms and the
virulence of the causative microorganisms. Heimdahl et al., (1985)
have suggested that the clinical syptoms of pain, swelling and fever
are more severe in patients from whom anaercbic gram-negative bacilli
are isolated although this aspect of acute dental abscesses has not
been studied by other workers. Symptoms may range from trivial to
extremely serious and in order to avoid the the potentially fatal
complications described in Section 1.2.2 it is important that a rapid

diagnosis is made and treatment instigated.
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1.3.1 Pain

All the patients with orofacial infections studied by Schuen
et al., (1974) and von Konow and Nord (1983) were in pain at the time
of initial presentation. The pain associated with dentoalveolar
abscess (Summary, Table 1.2) frequently starts as diffuse discomfort
in one part of the mouth which later intensifies and becomes localised
to one tooth. The pain is characteristically severe and throbbing,
with analgesics giving little or no relief. Many patients report a
sleepless night prior to presentation (von Konow and Nord, 1983)
although a temporary relief of pain may be experienced when swelling
appears. Release of pressure as the pus perforates the tight
periostium and enters the lax soft tissues is thought to be

responsible for this temporary reduction in pain (Moore, 1976).

1.3.2 Swelling

Once the infection has perforated the periosteum the
inflammatory exudate can produce soft tissue oedema which may be
apparent extraorally (Figure 1.7) or intraorally (Figure 1.8),
depending on the factors described in Section 1.2.2. When swelling is
severe, eye opening or jaw movements may be limited in addition to
the overlying skin becoming erythematous and warm to the touch (Figure

1.9).

1.3.3 Appearance of affected tooth

Intraoral examination will usually reveal the causative
tooth relatively easily as it is frequently extremely sensitive to
touch and thus prevents the patient from eating on the affected side.

Commonly the tooth involved has obvious caries (Figures 1.10 and

47




Character of pain

Site of pain

Radiates to

Precipitated by

Timing

Other symptams

Dull, throbbing and severe, with sharp
exacerbations when the involved tooth is

bitten on or touched.
Affected tooth.

Ear (lower tooth) and cheek, eye and temple

(upper tooth).
Biting upon or touching involved tooth.

Continuous, worse at night and mealtimes.

Prevents sleep.

When swelling appears pain is reduced
although involved tooth is still acutely

tender to touch.

Table 1.2: Clinical nature of pain associated with acute

dentoalveolar abscess (After Howe, 1971).
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Figure 1.7: Localised swelling of left cheek due to an acute
dentoalveolar abscess affecting the lower left first

molar.
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Figure 1.8: Acute dentoalveolar abscess presenting as a fluctuant
swelling in the buccal sulcus, at the level of the root

apex of the upper left first molar.
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Figure 1.9: Facial appearance of a 15 year old girl with an acute
dentoalveolar abscess affecting the upper left canine.
Swelling has led to partial closure of the left eye and

erythema of overlying skin.



Figure 1.10: Acute dentoalveolar abscess affecting a grossly carious

upper right second premolar.
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Figure 1.11: Acute dentoalveolar abscess affecting a carious upper

left first molar.
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1.11) or a large dental restoration. Pulp death can also lead to
grey/black discolouration of a tooth and therefore such teeth should
be considered as a possible source of infection even if they show no
evidence of caries or are un-restored. The pulp of an abscesssed
tooth will have lost its sensory nerve supply and therefore should not
respond to the application of heat (melted gutta percha) or cold
(frosting ethyl chloride on a pledget of cotton-wool). These clinical
observations and electrical devices, which test pulp vitality, can

therefore be used to assist diagnosis of pulp death (Grossman, 1981).

1.3.4. Lymphadenopathy

Acute dentoalveolar abscess can cause tender enlargement of
the cevical lymph nodes (Chisholm et al., 1978) and this can be

detected clinically by palpation of the submandibular region and neck.

1.3.5. Temperature
Body temperature may be elevated in patients with acute

dentoalveolar abscesses and Heimdahl et al., (1985) reported a range
in body temperature from 36¢8°C to 39-0°C in 58 patients with
orofacial infections although no details were given of how and at
what site the temperature was recorded. It is possible that increased
blood flow in inflammatory oral swellings produce a purely localised
elevation of temperature which would result in body temperature

measured by oral means being falsely high (Topazian and Goldberg,

1981).

54




1.3.6 Haematological investigations

Determination of white blood cell count (WBC) and
erythrocyte sedimentation rate (ESR) has been found to be of little
help in measuring the severity of acute orofacial infections (von

Konow and Nord, 1983; Heimdahl et al., 1985).

1.3.7 Radiographic examination

An acute dentoalveolar abscess can be such a rapidly
progressive lesion that there may be no radiographic evidence of its
presence. However the majority of abscesses develop from a
longstanding chronic apical granuloma and therefore radiolucent areas
are seen at the root apices of affected teeth due to localised
resorption of bone (Grossman, 1981). Examples of the varying degrees

of radiolucency are shown in Figures 1.12, 1.13 and 1.14.

1.4 MICROBIOLOGY
1.4.1 Introduction

Microorganisms have long been suspected of playing an
important role in pathological conditions of the pulp and periapical
area. Almost a century ago Miller (1894) demonstrated by microscopy
the presence of many morphological variants of bacteria in the

necrotic root canals of teeth.

Although acute dentoalveolar abscess is a common clinical
condition the total number of papers in the literature describing the
bacterial species cultivated from this infection is small. Details of
the methods and microbiological findings of the majority of

investigations that have been performed are presented in three tables
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Figure 1.12: 1Intraoral periapical radiograph of a lower lateral

incisor demonstrating an area of apical radiolucency.
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Figure 1.13: Intraoral periapical radiograph showing radiolucent

area at the apex of the mesial root of a lower first

molar (arrowed). There is also evidence of caries

under the large amalgam restoration in the tooth.
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Figure 1.14: Intraoral periapical radiograph of an upper right
lateral incisor showing marked area of periapical

radiolucency.

58



in this section; prospective studies performed prior to 1974 are
shown in Table 1.3 and those performed after 1974 in Table 1.4. A
division was made at 1974 since it was approximately at that time that
culture techniques capable of recovering strictly anaerobic bacteria

became widely available. A selection of retrospective reviews reported

since 1974 are presented in Table 1.5. The bacterial namenclature used in

the tables is the same as that used in the original report.

1.4.2 Early investigations (Table 1.3)

Although van Leeuwenhoek in the 17th century was the first
of the early microscopists to recognise a relationship between
microorganisms and oral infections (Dobell, 1958), it was not till
much later that Miller (1890) produced the first detailed description
of the microoganisms found in the mouth in health and disease. Miller
(1890) stated that alveolar abscess was caused by the spread of
bacteria from the oral cavity into the apical tissues via the pulp and
stressed the seriousness of these infections since they are deep

seated within bone.

The belief that a dental abscess represented a primary focus
of infection responsible for serious secondary infections at other
sites of the body was one of the main reasons that the earliest
microbiological investigations of dental abscesses were performed.
Prior to these investigations it was generally assumed that

Staphylococcus albus and Staphyloccocus aureus were responsible for

dental abscesses, although this was based on the clinical features

rather than bacterial analysis. Gilmer and Moody (1914) carried out
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one of the first mircobiological studies of acute dental abscesses and
reported that although staphylococci were present in many of the

samples studied the predominant microorganisms were streptococci.

Head and Roos (1919) studied 130 pus samples obtained from
100 dental abscesses and also reported a predominance of streptococci

since "Streptococcus viridans" was isolated from all but 6 specimens.

A wide range of other bacterial species were also isolated but, apart
from streptococci, a strictly anaerobic cocco-bacillus was the only
microorganisms discussed in detail. Head and Roos (1919) noted that
this pigment-producing organism was cultured in combination with
streptococci from abscesses which demonstrated evidence of apical
necrosis on radiographs and therefore believed that these bacteria

played an important role in acute dental abscesses.

In the subsequent microbiological studies by Fraser, (1923),

Broderick, (1925), Bullied, (1931), Alin and Agren, (1954) and

Ludwig, (1957) the predominant isolates were "Strep. viridans" and

Staphylococcus species. However the importance of obtaining

uncontaminated samples from an abscess in the oral cavity started to
be discussed in more detail. Specimens obtained by extraction of the
abscessed tooth ran a high risk of contamination from saliva and
therefore the use of aspiration and swab sampling became more
widespread. In addition to the problem of contamination Feldmann and
Larje (1966) stressed the need for strict anaerobe culture methods
with selective enriched media and although they reported a

predominance of "Strep. viridans", strict anaerobes (particulary

anaerobic streptococci) were also frequently isolated.

60




*€L6l - Pl6| UOTIO9IUT Tejusp OTusboAd ojnoe JO saTpnys TeoTboToTqoaoTw aaT3oadsoig

*dds snooooojdoxls

snTIToEq
aAT3Tsod-urexn

SNTTTORq-00000
oATjeboU-weIH

susTuehio

pejusubTd-3oeTg
TITTOR] WIOFTSNY

seqoIoPUY JOTIIS

sprozayjudrq
sueptata *deox3s

sproxayiydrq
*dds eTaessTeN

*dds snooooojdeaals
o13ATOU®ERY-UON
snqre *ydels
sueptata *dea3ls

SuUepTITA *dox3s

*dds snoooooTAydels
*dds snooooojdeals

*dds snoooooTAuydels
sueptitA *dex3ls

*dds snoooooTAyde3s

sueptata *dexls

sueptaia *dexys

*dds snooooojdaals

seqoIseuy BATIE}NORT

susTuehIp JueuTwopaIq

sex

sox

sox

sox

ON

ON

sof

sax

aamtm
oTqoIRRUY

qems

qaems
I0 ojeatdsy

o3exidsy
uoT3oRIIXT
a0 a3extdsy
UoT3oRIIXY
UOTIORIIXY

UuoTIORIIXT

UOTIORIIXY
10 °¥33ad1d

jseint
buytdureg

€L

S9

Lz

91

001

0cl

001

44

JO °“ON

9961

LS6l

125138

L€6l

G261l

€61

6l6l

vlel

Teox

‘€71 O1qEL

alxeq
¥ UueWwpTag

Bmpny

cmumx
® UTTY
peTIng

yoTISpOIY

Joselrd

SO0y
® PecH

Apooy
3 JISWTTD

IV IOY

61



1.4.3 Recent investigations (Table 1.4)

Sabiston and Gold (1974) probably performed the first study
that had sufficient regard to the problems of specimen contamination
in addition to using microbiological techniques capable of isolating
highly oxygen-sensitive organisms. Since the number of cases studied
was small the authors stressed that their findings should not be used
as a basis for generalisations regarding the bacterial cause of dental
abscesses. However the results, which revealed that the majority of
isolates were strict anaerobes, did indicate the need for more
extensive studies of dental infections using aspiration and anaerobic

culture methods.

A comparison of the methods used and the findings of
subsequent microbiological studies of acute dental infection reveals
that those employing aspiration sampling and anaerobic culture
reported a predominance of strictly anaerobic species (Papers 4, 6, 7,
9, 10, 11, 12, 13, 14, 16, 17, 18 and 20). The bacterial species most
frequently isolated in these studies were strains of facultative gram-
positive cocci, anaerobic gram-positive cocci and anaerobic gram-
negative bacilli. Notably five of the investigations did not isolate
staphylococci although strains of this species were occasionally
cultured in the remainder. Cumming et al., (1984) (Paper 19) found a
predominance of facultative organisms, in a study of acute dental
abscesses, despite the use of aspiration sampling and anaerobic
culture methods. A relatively high number of staphylococci were also
isolated by Cumming et al., (1984) but the reason for these
contradictory findings are not known, although they could in part be

due to the small number of cases studied. Investigations which
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collected samples on swabs and used limited culture techniques (Papers
2, 3, 5, 8, 15) have tended to report a predominance of facultative

organisms, mainly streptococci and staphylococci.

The mean number of bacterial species isolated from pus
samples range from 1+0 to 7+¢4 in the studies shown in Table 1.4. When
strict anaerobic culture methods were not used the values ranged from
140 to 1+6 (mean 1¢2) whereas in those studies employing anaerobic
culture the figures are 3+1 to 7+4 (mean 3°7). A reasonable
interpretation of these differences is that if good anaerobic
techniques are not used the subsequent microbiology results will be

inaccurate due to failure in isolating a range of bacterial species.

Although some studies shown in Table 1.4 were performed in
in Scandinavia, United Kingdom and West Germany the majority were
carried out in North America. The results obtained from different
parts of the world are very similar and there does not appear to be
geographical differences with regard to the types of bacterial species
isolated. There would also appear to be no difference in the
bacterial species isolated with respect to age of the patients. The
spectrum of bacteria isolated by Brook et al., (1981) from 12 children
aged between 5 and 16 years with acute dental abscesses was very
similar to those obtained in studies using similar microbiological

techniques on samples obtained from adult patients.

Many of the microbiological investigations of acute dental

infection have not been specific and have included samples from a
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variety of conditions, such as infection secondary to fractured
mandibles, infected extraction sockets and pericoronitis. In this
situation where microbiological findings from a variety of infections
are presented together it is difficult to deteremine if different
bacterial species are responsible for different types of lesion. Only
6 of the studies which used strict anaerobic culture methods listed in
Table 1.4 were limited to acute dentoalveolar abscess (Papers 1, 9,
11, 12, 14, 16) and of these only two (Papers 9 and 11) examined
more than 21 cases. These two studies reported that the most
frequently isolated bacteria were facultative streptococci,
peptostreptococci, peptococci, bacteroides, fusobacteria and

eubacteria.

1.4.4 Retrospective investigations (Table 1.5)

A number of retrospective microbiological studies of dental
infections have been performed and these have the advantage of being
able to collect results from large numbers of specimens over long
periods of time. However Sims (1974) has stressed that the findings
of this type of study reéuire to be viewed with caution because of
variations in sampling methods and limitations of the techniques used
in routine microbiological situations. It is perhaps not suprising
therefore to find that retrospective studies of acute dentoalveolar

abscess have frequently reported '"Strep. viridans' as the predominant

organisms.,
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1.4.5 Summary

Acute dentoalveolar abscess is a relatively common dental
infection but the knowledge of the microbiology involved appears to be
incomplete. The difficulty of avoiding contamination of samples
during collection in addition to the stringent demands on sampling and
culture methods are probably the main reasons for the confusion in the
results reported. Improved sampling and cultivation techniques used
in recent investigations have resulted in a decrease in the isolation
of facultative organisms and an increase in the culture of strict
anaerobes. It would appear that acute dentoalveolar abscess contains
a complex mixture of facultative and strictly anaerobic microorganisms

that are also regarded as members of the normal oral flora.

Although it has become increasingly apparent that many of
the bacteria present in acute dentoalveolar abscesses are strict
anaerobes there is very little quantitative information on the
relative proportions of individual isolates in the overall microbial
load. Data provided by Williams et al., (1983) for 10 dentoalveolar
abscesses has indicated that high concentrations of viable bacteria
are present in these infections and that strict anaerobes predominate.
However, there would appear to be a need for quantitative information

from a larger number of abscesses.

1.5 PATHOGENICITY OF BACTERIAL ISOLATES
1.5.1 Introduction

Experimental animals have been used to investigate the
pathogenicity of bacteria isolated from dental tissues since the

earliest days of microbiology. Miller (1890) described the formation
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of subcutaneous abscesses following the inoculation of particles of
necrotic dental pulps under the skin of mice but also noted that the
severity of these abscesses was variable, leading to the death of some
animals whilst others had minimal symptoms. Since these early
observations further experiments have been performed in an attempt to
establish differences in the pathogeic potential of bacteria isolated
from mixed dental infections. Head and Roos (1919) inoculated
isolates from acute dental abscess by the intra-peritoneal route into
mice and quinea pigs. Facultative streptococci were found to have low
pathogenicity since only high doses were lethal. However an anaercbic
gram;negative cocco-bacillus, which could only be successfully grown
in combination with streptococci, was reported to have considerable
pathogenicity. Intra-peritoneal inoculation of a mixture of these two

organisms usually resulted in death of an adult mouse within 36 hours.

There is little additional information in the literature
concerning the pathogenicity of bacterial species specifically
isolated from acute dentoalveolar abscesses (van Steenbergen et al.,
1984a) but it is probable that useful data can be gained from the
studies of bacterial species isolated from other dental diseases, such .
as periodontits or pulpitis, since many of the species encountered are

the same.

1.5.2 Studies of bacterial strains isolated from periodontal
disease or necrotic dental pulps
A variety of animals have been employed in the pathogenicity

testing of bacteria associated with necrotic pulps or periodontal
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disease. The male mouse was used by Van Steenbergen et al., (1982),
Brook et al., (1983), Brook and Walker, (1984) and Roenterink et al.,
(1984) whereas other workers have selected quinea pigs (Sundgvist et
al., 1979) or rats (Mayrand and Mcbride, 1980). Animal experiments
have involved either intra-peritoneal or subcutaneous inoculation.
Extraoral inoculation sites have included the groin, back or foot
(Brook and Walker, 1984, van Steenbergen et al., 1982; Roenterink and
de Graaff, (1985). The intraoral sites used include the cheek
(Takazoe and Nakomara, 1971) and the hard palate (Roeterink et al.,
1984). 1In an attempt to create experimental conditions similar to
those within human teeth some workers have introduced bacteria into
the pulp chambers of rats (Kakehashi et al., 1965) or monkeys (Dahlen
et al., 1982; MoOller et al., 1981; Fabricus et al., 1982a, 1982b)
whilst Sundgvist et al., (1984) and Moorer et al., (1984) implanted
teflon or polythene tissue cages, containing known bacterial

suspensions, subcutaneously in gquinea pigs and rabbits.

A large part of the work investigating the pathogenicity
of oral bacteria has involved black-pigmented bacteroides (Hite et
al., 1949; MacDonald et al., 1963; Socransky and Gibbons, 1965;
Takazoe and Nakamura, 1971). In these studies small laboratory
animals, such as guinea pigs, were inoculated with combinations of
bacteria which had originally been obtained from periodontal and
endodontal sites. When black-pigmented bacteroides were present
typical and transmissable infections were produced. However when they
were absent from the inoculum the remaining organisms did not appear
to possess pathogenic properties (MacDonald et al., 1963; Socransky

and Gibbons, 1965). These experiments indicated that the presence of
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black-pigmented bacteroides was essential for experimental infections
and highlighted the fact that these bacteria are important in the
pathogenicity of mixed bacterial populations. Although black-
pigmented bacteroides have usually been found to be non-infective in
pure culture exceptions have been reported (MacDonald et al., 1963;
Takazoe et al., 1971; Kastelein et al., 1981). More recently it has
been demonstrated that major differences in pathogenicity exist
between various black-pigmented bacteroides (van Steenbergen et al.,
1982; Roenterink et al., 1984; Roenterink et al., 1985) with

B. gingivalis and B. melaninogenicus emerging as the most pathogenic

species.

The reasons for the importance of bacteroides in abscesses
is not clear but a number of virulence factors which may enable them
to resist host defence systems have been suggested. It has been shown
that strains possessing capsular material afe more pathogenic than
strains of the same species which do not (Takazoe et al., 1971; Okuda
and Takazoe, 1973; Brook et al., 1983; Brook, 1986, 1987) and it has
been suggested that the presence of capsular material may prevent the
phagocytosis of these bacteria (Okuda and Takazoe, 1973; Simon et
al., 1982). In addition to the presence of capsular material black-
pigmented bacteroides can also produce a number of toxins, some of
which directly inhibit polymorphonuclear leucocyte chemotaxis (Botta
et al., 1985; Rotstein, 1985). (For reviews of virulence factors
associated with anaerobic gram-negative bacilli see, Hofstad, (1984)

and Slots and Genco, (1984).
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Although most work has concentrated on bacteroides, Brook
and Walker (1984, 1986) have stressed the need for investigation of
the pathogenicity of fusobacteria and gram-positive cocci. The work
described in the previous section of this chapter indicates that these
bacterial species are frequently isolated from acute dentoalveolar
abscesses and therefore may well play an important role in the

development of these infections.

1.5.3 Summary

There have been few studies performed investigating the
pathogenicity of bacteria isolated from acute dental abscesses but the
findings of studies using bacterial strains isolated from necrotic
pulps and periodontal disease are probably applicable to acute
dentoalveolar abscess. Differences in the bacterial strains,
experimental methods and animals used probably explain the variable
findings in the literature. In general however it would appear that

Bacteroides species are the most likely pathogens but the exact

mechanisms of their pathogenicity are still unknown.

1.6 ANTIBIOTIC SENSITIVITY
1.6.1 Introduction

when the use of antibiotic therapy is indicated as part of
the treatment of acute dental abscess it is often necessary to
prescribe a drug before antibiotic susceptibility has been
determined. It is therefore important that information is available
which provides not only the identity of the likely causative bacteria

but also describes their sensitivity to a range of antibiotics.
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1.6.2 Antibiotic sensitivity tests

Approximately half of the microbiological studies listed in
Table 1.4 contain details of antibiotic sensitivity testing (Papers 1,
2, 3, 5, 6, 8 10, 11, 13, 15, and 17) and provide in vitro
sensitivity patterns to a wide range of antibiotics,
It would appear that the vast majority of bacterial species isolated
from dentoalveolar abscess are sensitive to a range of antibiotics,
such as penicillin, erythromycin and clindamycin. Aderhold et al.,
(1981) performed one of the most extensive of these studies and
reported that less than 10 per cent of the facultative and strictly
anaerobic isolates were resistant to a range of antibiotics

(Table 1.6).

Phenoxymethylpenicillin and benzylpenicillin have been found
to be two of the most effective antibiotics since the incidence of
penicillin-resistant isolates has been low in the majority of studies.
Those studies which cultured staphylococci found that many strains
were resistant to penicillin (Gabrielson and Stroh, 1975; Epstein and
Scopp, 1977) but, as was discussed in Section 1.4, the true
significance of staphylococci in dental infection is doubtful.
However clinical failure of penicillin has been reported (Heimdahl et
al., 1980; Bahn et al., 1981) and one explanation was the presence of
beta-lactamase producing bacteroides. Since it is 1likely that
bacteroides play a major role in the development of dental abscesses
the apparent recent emergence of penicillin-resistant strains may well

have clinical implications.
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Aerabes Anaerobes

Antibiotic No. of Percent. No. of Percent.
strains resistant strains resistant

Penicillin 22 4.6 56 0
Ampicillin 49 0 130 1.5
Oxacillin 36 2.8 103 1.0
Ticarcillin 37 0 104 1.0
Azlocillin 38 0 118 0.9
Mezlocillin 38 0 118‘ 0.9
Cephalothin 49 4.1 114 0.9
Cefazolin 37 2.7 104 1.0
Cefamandole 39 0 122 0.8
Cefuroxime 37 0 122 1.6
Cefoxitin 42 4.8 119 0.8
Tetracycline 49 4.1 130 0.8
Chloramphenicol 48 0 130 0
Gentamicin 49 40.8 129 100.0
Sisamicin 43 39.5 105 100.0
Tobramycin 42 40.5 105 100.0
Amikacin 39 41.0 " 104 99.0
Erythromycin 49 6.1 129 0.8
Clindamycin 49 8.2 129 0
Sulphonamide 49 49.0 129 34.9

Table 1.6: Antibiotic sensitivity of aerobic and . anaerobic
bacteria isolated from acute dentogenous pyogenic

infections. (After Aderhold et al., 1981).
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Sensitivity to ampicillin has not been investigated as often
as penicillin but the information available indicates that it produces
similar sensitivity patterns (Epstein and Scopp, 1977; Hunt et al.,
1978; Sabiston arnd Gold 1974; Turner et al., 1975; Aderhold et al.,
1981). Amoxycillin has a very similar antibacterial spectrum to
ampicillin (Neu, 1974) and although the sensitivity of isolates from
dental abscesses to this antibiotic has rarely been studied many

strains are likely to be sensitive,

Other antibiotics which have been used to treat acute dental
infections include erythromycin, clindamycin, cephalosporins and
metronidazole. Although Heimdahl et al., (1981) reported a relatively
high incidence of resistance to erythromycin the majority of studies
have described it as an effective antibiotic. The vast majority of
bacterial strains isolated from acute dental infections have been
found to be sensitive to clindamycin (Aderhold et al., 1981;
Gabrielson and Stroh, 1975). Aderhold et al., (1981) reported that 95
per cent of bacterial strains isolated from acute dentoalveolar
abscesses were sensitive to 5 different cephalosporins (cephalothin,
cefazolin, cefamandole, cefuroximine and cefoxitin). In the studies
by Turner et al., (1975), Epstein and Scopp (1977) and Hunt et al.,

(1978) all the isolates were sensitive to cephalothin.

The increasing awareness that strict anerobes are frequently
isolated from acute dental infections has resulted in investigations
of their sensitivity to nitroimidazoles such as metronidazole (Ingham
et al., 1977), ornidazole (von Konow and Nord, 1983) and tinidazole

(von Konow et al., 1981). Although the vast majority of strict
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anaerobes have been found to be sensitive, all the facultative

isolates tested in these studies were resistant to these agents.

1.6.3 Summary

A comparison of the results of in vitro susceptibility tests
performed on bacterial strains isolated from acute dental infections
reveals that although the majority are sensitive to a range of
antibiotics rarely has a single drug been found to be 100 per cent
effective., Variations in the reported incidence of antibiotic
resistance are probably due to differences in the spectrum of
Eu;croorganisns studied and the method of testing. Production of beta-
lactamase among oral bacteria is rare but has been implicated in the
clinical failure of penicillin in the treatment of a small number of

acute oro-facial infections (Heimdahl et al., 1980).

The antibiotic sensitivity reported in studies of acute
dentoalveolar abscesses were performed on individual isolates but it
has been suggested that testing of primary cultures may also be useful
(Waterworth and del Piano, 1976). There is however no information on
the reliability of this type of testing for acute dentoalveolar

abscesses,

1.7 TREATMENT
1.7.1 Introduction

The treatment of an acute dentoalveolar abscess varies
among individuals depending on the extent of the lesion, presence of

trismus and the general health of the patient. Therapy can be divided
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into local and general measures with the relative importance of each
being different in each individual case. The first principle of
treatment is to achieve drainage of any pus present and to ensure the
removal of the source of infection (Pieéuch, 1983). The management of
acute dentoalveolar abscess is described in many texts of Oral Surgery
(Howe, 1985; Sowray, 1985) and therefore will only be outlined in

this chapter.

1.7.2 Local measures

Whenever a fluctuant swelling containing pus is present
within the tissues surgical drainage must be established and
maintained. This may be achieved by incision of the soft tissue
swelling via an intraoral or extraoral approach, or both, depending on
the location of the pus. Knowledge of the anatomy of the head and
neck is essential when attempting to establish surgical drainage as
facial tissue spaces must be opened without causing damage to the
major nerves and blood vessels passing through them. Incisions
through mucosa or skin should be of adequate length and be placed at a
point that allows maximum drainage by gravity, which may be maintained

by the placement of a sterile plastic or rubber drain.

If the affected tooth is to be retained then an opening
should be made through the crown into the necrotic pulp chamber to
allow drainage of any pus present within the tooth. Alternatively if
the tooth is unsuitable for restoration then it should be extracted.
In the past it was a popular belief that acute infection had to be
‘resolved before extraction could be performed but it has been found

that extraction of teeth at the time of initial presentation is not
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associated with an increase in the incidence of post-extraction
complications (Krogh, 1951; Martis and Karakasis, 1975), although
general anaesthesia may be required since local anaesthesia cannot

always be achieved in areas of acute inflammation (Brown, 1981).

1.7.3 General measures

Bed rest and adequate hydration are advisable for patients
showing signs of poor health, such as raised temperature and cervical
lymphadenopathy. Analgesics, such as aspirin, paracetamol, or

codeine phosphate are usually required for the relief of pain,

It has been stated that antibiotics are prescribed too
frequently in the treatment of acute dentoalveolar abscess (Zallen and
Black, 1976) since local measures are often sufficient for resolution
to occur (Piecuch, 1982). It is generally agreed however that
antibiotic therapy is indicated in the case of a poorly localised
abscess or when the patient is in poor health (Topazian and Goldberg,
1981). Penicillin has traditionally been regarded as the drug of
choice in the treatment of acute dentcalveolar abscess (Topazian and
Goldberg, 1981; Guralnick, 1984; Trieger, 1984) and it is common
place to prescribe a course of 250 mg tablets for 7 days. However
traditional regimens such as this have been challenged (Anonymous,
1979) and shorter courses of antibiotics at higher doses have been
found to be as effective as conventional regimens for acute otitis
media (Bain et al., 1985) and for urinary tract infection (Bailey and

Abbott, 1977).
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Penicillin can be given by mouth, intramuscularly or
intravenously and causes minimal disturbance of the normal oral flora
(Heimdahl et al., 1982). In addition to penicillin, related
derivatives, such as cloxacillin and amoxycillin, have also been
recamended for treatment of dentoalveolar abscess (Hooley, 1969;
Morey et al., 1984). Erythromycin is the drug of choice for patients
known to be hypersensitive to penicillin (Heimdahl and Nord, 1983;
Guralnick, 1984) and can also be given by mouth, although it may cause
marked di