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Complications of otitis media in
Indigenous and non-Indigenous children
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C

omplications from otitis media may occur because of acute
otitis media (AOM), otitis media with effusion, or chronic
suppurative otitis media (CSOM) with or without cholesteatoma. Complications may be broadly classified into three
groups:
• extracranial complications, such as mastoiditis, cholesteatoma
and tympanic membrane perforation (Box 1);
• intracranial
complications,
such as
meningitis,
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Before the antibiotic era, widespread morbidity and mortality
from complications of paediatric otitis media were commonplace.2
Today, with the wide availability of antibiotic therapy, complication
rates from otitis media have reduced, but remain a significant
problem in developing countries.3 Globally reported complication
rates (intracranial and extracranial) from childhood otitis media in
developed countries range from 0.04% to 0.69%, with developing
countries reporting complication rates as high as 3.2%.1,4,5 Low
socioeconomic status, increased bacterial virulence and genetic
predisposition are important reasons for why such unacceptable
levels persist in developing countries.
Globally, complications of otitis media are mainly experienced
by children; overseas studies estimate that 80% of extracranial and
70% of intracranial complications occur among children.6 In
Australia, three to five children die each year because of complications of otitis media, and 15 children suffer permanent hearing loss
each year as a result of otitis media. Each year in Australia, 300 000
children experience mild-to-moderate temporary hearing impairment as a result of otitis media, 90 000 children develop a
tympanic membrane perforation, and over 60 000 children suffer
from CSOM.7
We aimed to broadly examine and review the complications of
otitis media among children in Australia, both Indigenous and
non-Indigenous. Here, we assess key areas, such as mastoiditis,
cholesteatoma and tympanic membrane perforations, and discuss
some less common, but potentially life-threatening, intracranial
complications of otitis media. We also compare the impact of
otitis-media-related hearing loss on speech and language development and education between both groups.
Pathophysiology and microbiology
Complications of otitis media occur because of the spread of
infection from the middle ear and mastoid, by direct extension,
haematogenous spread or thrombophlebitis. The direction and
extent of the spread of infection dictates the type of complication
that occurs and the method of presentation. When infection is
confined within the temporal bone, complications are termed
extracranial. Extracranial complications include injury to any of
the structures within the temporal bone, and can manifest as acute
mastoiditis, facial nerve paralysis, semicircular canal or cochlear
fistula, or erosion of the middle ear ossicles. Intracranial complicaS60

ABSTRACT
• In Australia, three to five children die each year because
of otitis media complications, and 15 children will suffer
permanent hearing loss each year as a result of otitis media.
• Extracranial complications occur most commonly, and include
mastoiditis, cholesteatoma and otitis media with perforation.
Intracranial complications are less common, and include
meningitis, brain abscess and lateral sinus thrombosis. In
Australia, approximately 60% of extracranial and intracranial
complications of otitis media occur in children.
• The contrasting rates of childhood otitis media among
Indigenous and non-Indigenous children have implications
for the frequency and types of complications occurring in
both groups. Otitis media with effusion and acute otitis media
predominate among non-Indigenous children, whereas
chronic suppurative otitis media (CSOM) occurs most
commonly among Indigenous children.
• The incidence of mastoiditis in Australia is low by international
standards (2/100 000 children), but cholesteatoma rates
among Indigenous children in Australia are higher than
previously estimated (up to 10% in CSOM). A high rate of
chronic tympanic membrane perforation occurs among
Indigenous children, estimated to be as high as 80%.
• Intracranial complications of otitis media are uncommon, but
are potentially life-threatening and are more likely to occur
among Indigenous than non-Indigenous children.
• Reduced access to medical care, lower socioeconomic
status and remote living conditions mean that levels of
early childhood hearing loss among Indigenous children
are likely to be underestimated. This has implications for
early childhood speech and language development and
education.
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tions occur because of progression beyond the temporal bone to
the intracranial cavity, resulting in meningitis, cerebral abscess,
sigmoid sinus thrombosis, or hydrocephalus.
Complications of acute otitis media are typically caused by
Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus influenzae and Moraxella catarrhalis. Recently, there has been increasing
evidence for the emergence of penicillin-resistant S. pneumoniae as
an important pathogen in complications of otitis media. Complications from CSOM (with or without cholesteatoma) occur because
of both aerobic and anaerobic bacteria; most commonly Pseudomonas aeruginosa, Escherichia coli, S. aureus, and Proteus, Klebsiella and Bacteroides species.8,9
Clinical presentation
A high index of clinical suspicion may be required for diagnosing
complications of otitis media. In many cases, the clinical signs are
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1 Complications of otitis media 1

2 Signs of extracranial and intracranial complications

Extracranial complications

Extracranial complications

• Mastoiditis (70% of cases of extracranial complications)

• Fever

• Bezold abscess* (10%)

• Post-auricular swelling and erythema

• Facial nerve paralysis (12%)

• Sudden hearing loss

• Labyrinthine fistula (1%–2%)

• Vertigo

• Labyrinthitis (1%–2%)

• Facial nerve paralysis

• Sensorineural deafness (1%–2%)

• Severe otalgia

• Petrous apicitis (1%)

Intracranial complications

• Encephalocele and cerebrospinal fluid otorrhoea (1%)

• Fever

†

• Headache

‡

• Cholesteatoma

• Tympanic membrane perforation

• Nausea and vomiting

Intracranial complications

• Lethargy

• Meningitis (71% of cases of intracranial complications)

• Reduced level of consciousness

• Cerebral abscess (17%)

• Focal neurological signs

• Epidural abscess (7%)

• Seizures

• Sigmoid (lateral) sinus thrombosis (1%–2%)

• Coma

‡

◆

• Subdural abscess (1%–2%)
• Otitic hydrocephalus (1%)
* Suppuration from mastoiditis spreads to the deep muscle spaces of the neck
adjacent to the mastoid tip, presenting as mastoiditis with an ipsilateral neck
abscess. † Infection progresses to the petrous apex (medial aspect) of the
temporal bone. Associated with a classic triad of retro-orbital pain, lateral
rectus palsy (cranial nerve VI) and otorrhoea. ‡ The study from which the
figures in this Box are obtained regard these as sequelae of otitis media rather
than true complications, so their rates of occurrence are not included.
◆

subtle because of the masking effects of prior antibiotic therapy.10
Often, significant disease progression has occurred before clinical
signs of complications develop. Equally, a reduction in the frequency of complication rates, and resulting infrequent exposure of
health care professionals to these complications, may lead to
potential delays in diagnosis. In general terms, if further clinical
signs develop in the setting of otitis media, urgent specialist
consultation is advised (Box 2).
Investigations
Among patients with otitis media, baseline investigations are
useful and include assessing blood profiles for leukocytosis and
elevated C-reactive protein levels to ensure a normal immune
response. Ear swabs sent for culture in the presence of otorrhoea
allow directed therapy for topical and/or systemic antibiotic
therapy. Audiometry allows distinction between conductive, sensorineural (cochlear), or mixed hearing loss, which may occur as a
complication of otitis media.
Radiological imaging is indicated in the presence of suspected
extracranial or intracranial complications. Contrast-enhanced
computed tomography, the standard investigation, allows assessment of the bony architecture of the middle ear and mastoid, the
status of the middle ear ossicles, and the integrity of the cochlea
and semicircular canals. Computed tomography is also used to
identify intracranial complications. Magnetic resonance imaging in
otitis-media-related complications is used principally for the
assessment of intracranial complications, such as a cerebral abscess
or hydrocephalus.
Lumbar puncture is also clinically useful when meningitis
secondary to otitis media is suspected, but should be performed

where associated raised intracranial pressure has been excluded by
fundoscopy and/or radiological imaging.
Complications — general considerations
Prevalence rates of otitis media among Aboriginal children in
Australia are well recognised as among the highest in the world.11
Middle ear disease is reportedly present in as many as 91% of
Indigenous children in rural communities; 50% have signs of
CSOM and 25% have signs of a tympanic membrane perforation.12
With such high rates of otitis media among Indigenous children in
Australia, one would assume that these children also experience
unacceptably high levels of complications. In contrast, otitis media
rates among non-Indigenous children parallel those of other
developed countries. Rates of otitis media among urban and rural
Indigenous children also differ. A Perth-based study found that
0.7% of urban Indigenous children had a 30 dB hearing loss,
compared with 20% of children in a Western Australian rural
Indigenous community the same year.13
The underlying primary disease experienced by Indigenous and
non-Indigenous children also differs, with most Indigenous children with otitis media suffering from CSOM, whereas nonIndigenous children tend to suffer from AOM and otitis media
with effusion. The type of underlying primary disease present
dictates the frequency and nature of complications that occur in
each group.
Extracranial complications
Many complications occur because of the progression of otitis
media within the temporal bone, with most complications being
accounted for by mastoiditis, cholesteatoma and otitis media with
perforation. We will therefore focus on these key areas.
Mastoiditis
Nearly 250 children in Australia develop mastoiditis each year,
with the remaining minority of cases occurring in adults.7 Overseas, mastoiditis occurs most commonly in children, with a peak
incidence occurring between 6 and 13 months of age, and almost
70% of cases occur as a complication of AOM.14,15 The overall
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incidence of mastoiditis in Australia (adults and children) is low
(2/100 000) when compared with other countries (the Netherlands, 3.5/100 000; Denmark, 4.2/100 000).16 Countries with low
prescribing rates for AOM have higher incidences of mastoiditis.16
Mastoiditis remains the second most common complication of
otitis media (after tympanic membrane perforation). Mastoiditis
may be acute (typically from AOM), or subacute or chronic (from
CSOM). Pathologically, any inflammatory process of the middle
ear is rarely confined to the middle ear alone; in most cases, a
degree of inflammation or infection occurs in the mastoid. In more
severe cases, infection is aggressive and progresses throughout the
cellular system of the mastoid, leading to erosion of the bony
architecture of the mastoid and injury to structures within and
adjacent to the mastoid bone.
Management involves medical and surgical techniques, with
more cases now effectively managed with intravenous antibiotic
therapy. Mastoidectomy rates worldwide have reduced substantially since the introduction of antibiotics; previously, mastoidectomy was performed for 20% of cases of mastoiditis.16 Surgery is
indicated for subperiosteal abscess collection, coalescent mastoiditis, intracranial complications of mastoiditis, and mastoiditis that
fails to respond to 48 hours of antibiotic therapy.16 Surgery aims
to decompress the mastoid system by deroofing the mastoid cortex
by cortical mastoidectomy. This provides ventilation between the
middle ear and mastoid system and allows removal of granulation
tissue and cholesteatoma, if present.
To our knowledge, no studies exist that compare the rates of
mastoiditis among Indigenous and non-Indigenous children in
Australia. Anecdotally, however, we have observed that Indigenous
children are more likely to develop acute mastoiditis than nonIndigenous children, and that Indigenous children are likely to
experience greater levels of morbidity and complications as a
consequence of mastoiditis.
Cholesteatoma
Cholesteatoma can be congenital or acquired. Acquired cholesteatoma typically occurs because of medial retraction of the pars
flaccida of the tympanic membrane, and gradual failure of the
normal lateral migratory process of keratinising squamous epithelium of the tympanic membrane. This leads to accumulation of
squamous epithelium in the middle ear, with progressive enlargement into the mastoid system over time. Chronic local infection
results, manifested as foul-smelling otorrhoea and progressive
destruction of middle ear and mastoid structures due to a combination of erosive effects of osteoclastic enzymes produced because of
cholesteatoma and direct expansive pressure of the cholesteatoma sac.
Overseas studies estimate a prevalence of cholesteatoma (congenital and acquired) of 6/100 000, with a peak incidence occurring in the 10–19-years age group.17 Although otitis media and
cholesteatoma development share a common aetiological factor in
eustachian tube dysfunction, cases of childhood otitis media are
not necessarily a predictor of future cholesteatoma development.
With many cases of otitis media among Indigenous children being
accounted for by CSOM, a long-held assumption has been that
there is a low incidence of cholesteatoma in this group. However,
recent studies have assessed the incidence of cholesteatoma
in Indigenous patients with otitis media. In 2002, researchers at
the Royal Darwin Hospital identified a cholesteatoma rate of
S62

5/100 000 among Indigenous patients and 6/100 000 among nonIndigenous patients. They also observed that Indigenous patients
were more likely to present with the complications of cholesteatoma.18 WA researchers identified an overall 10% rate of
cholesteatoma in a series of 423 major ear surgeries over 10
years.19 The previously held view that cholesteatoma was rare
among Indigenous children should certainly be reconsidered.
Although most ear disease among Indigenous children is
accounted for by CSOM, the possibility of an associated cholesteatoma should certainly be considered.
Tympanic membrane perforation
Perforation of the tympanic membrane is a common complication.
In the presence of acute inflammation, middle ear pressure
increases, and a rupture of the tympanic membrane occurs, with
drainage of the middle ear fluid into the external auditory canal.
The reported rate of rupture of the tympanic membrane in AOM is
between 5% and 30%,20 with over 90% of these perforations
subsequently closing spontaneously within 1 month.21 Where the
perforation persists for 3 or more months, it is termed chronic.22
This predisposes children to CSOM, manifested by recurrent
episodes of middle ear infection and discharge, with recurrent
middle ear and mastoid inflammation and granulation tissue
formation.
High rates of tympanic membrane perforations among Indigenous Australians are well documented. Studies report that 40% of
Indigenous children will have a perforated tympanic membrane by
the age of 18 months, with tympanic membrane perforations being
documented as early as in the first 6 weeks of life.12,23 Rates of
perforation peak at 3 years of age and remain above 10% until over
16 years of age.24 In contrast, the rate of perforation among nonIndigenous children is estimated to be under 2%.25 Among
Indigenous children, the positive benefits of the surgical repair of
tympanic membrane perforations (myringoplasty) are well documented and include benefits for children’s hearing, socialisation
and education.26
Intracranial complications
Intracranial complications may occur because of AOM or
CSOM, with reports suggesting that intracranial complications
of otitis media occur more commonly with AOM than CSOM.27
Reported intracranial complication rates range from 0.3% to
2%.2 Mortality related to intracranial complications remains a
persistent problem in developing countries where mortality
may be as high as 26%.1 Among intracranial complications,
meningitis occurs most commonly (51%), followed by brain
abscess (42%) and sigmoid sinus thrombosis (19%). Studies
from developing countries report that in 25% of cases, more
than one intracranial complication may be present simultaneously.5 In Australia, intracranial complications of otitis media
occur most commonly in children (56%), with an estimated
217 cases each year.7 To our knowledge, no Australian data
exist that delineate whether Indigenous or non-Indigenous
children are more likely to develop intracranial complications
of otitis media; however, our experiences suggest that
intracranial complications of otitis media are experienced more
frequently by Indigenous children.
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Complications of hearing loss — speech, language
and education
Hearing loss
Hearing loss in otitis media may occur due to AOM, otitis media
with effusion or CSOM. AOM typically results in transient hearing
loss of 15–40 dB, and otitis media with effusion results in a mean
hearing loss of 28 dB.22,28 CSOM, which predominates among
Indigenous children, is typically associated with a 30 dB hearing
loss.7 Several studies have compared hearing loss levels among
Indigenous and non-Indigenous children in Australia. A 1982
study showed that 53% of Indigenous children in central Australia
had a significant hearing loss compared with only 11% of nonIndigenous children.29 In WA, 41% of Indigenous children had a
hearing loss of 25 dB or greater in at least one ear, compared with
4%–5% of non-Indigenous children.30 Furthermore, there is evidence to suggest that these studies may underestimate the degree
of hearing loss among Indigenous children — 61% of Indigenous
children have signs of otitis media,31 and up to 80% of Indigenous
children suffer hearing loss as a consequence of otitis media.32
Speech development
A crucial phase of language development occurs between birth and
the age of 3 years, and any hearing loss during this phase
potentially leads to delays in language development. Although a
widely quoted study suggests no long-term effects of hearing loss
on speech development in this age group, these findings are
contrary to those of many other studies and fly in the face of the
known impact on language development, when cochlear implantation is delayed, even by 1 year.33,34 For a detailed review of the
management of childhood otitis media in primary care, see
Gunasekera and colleagues (page S55) in this supplement.35
Education
Several studies have identified a link between hearing impairment
and poor progress in education. Hearing impairment has been
implicated in poor literacy levels among Aboriginal children.36
Some studies show that when hearing levels are restored to within
normal limits, most children will return to normal levels of literacy,
but others will continue to have long-term educational difficulties.36,37
Conclusion
Although global complication rates from otitis media have reduced
substantially since the advent of the antibiotic era, morbidity and
mortality remains a problem, particularly in developing countries.
With the wide availability of antibiotic therapy, the clinical presentation of complications of otitis media may require a high index of
suspicion, with signs often masked by prior antibiotic therapy. In
Australia, rates of mastoiditis are low compared with overseas
figures, and the previously held view that the rate of cholesteatoma
among Indigenous children is low should certainly be reconsidered. High rates of tympanic membrane perforation and CSOM are
prevalent among Indigenous children. Intracranial complications
of otitis media are uncommon but are more likely to occur in
Indigenous than non-Indigenous children. Finally, Indigenous
children are far more likely than non-Indigenous children to
experience complications of otitis media, particularly in the areas

of hearing loss and its subsequent implications for early childhood
speech and language development and education.
Competing interests
None identified.

Author details
Tony E O’Connor, AFRCSI, FRCS(ORL-HNS), Fellow in Paediatric
Otolaryngology1
Christopher F Perry, MB BS, DTM&H, FRACS, Otolaryngologist,2,3
and Associate Professor of Otolaryngology4
Francis J Lannigan, MD, FRCS(ORL)(Ed), FRACS, Otolaryngologist,1
and Clinical Professor of Otolaryngology5
1 Department of Otolaryngology, Head and Neck Surgery, Princess
Margaret Hospital for Children, Perth, WA.
2 Royal Children’s Hospital, Brisbane, QLD.
3 Princess Alexandra Hospital, Brisbane, QLD.
4 University of Queensland, Brisbane, QLD.
5 University of Notre Dame, Perth, WA.
Correspondence: antoconnor@ireland.com

References
1 Osma U, Cureoglu S, Hosoglu S. The complications of chronic otitis
media: report of 93 cases. J Laryngol Otol 2000; 114: 97-100.
2 Lin YS, Lin LC, Lee FP, Lee KJ. The prevalence of otitis media and its
complication rates in teenagers and adult patients. Otolaryngol Head
Neck Surg 2009; 140: 165-170.
3 Samuel J, Fernandes CMC, Steinberg JL. Intracranial otogenic complications: a persisting problem. Laryngoscope 1986; 96: 272-278.
4 Palva T, Virtanen H, Makinen J. Acute and latent mastoiditis in children.
J Laryngol Otol 1985; 99: 127-129.
5 Kangsanarak J, Fooanant S, Ruckphaopunt K, et al. Extracranial and
intracranial complications of suppurative otitis media. Report of 102
cases. J Laryngol Otol 1993; 107: 999-1004.
6 Singh B, Maharaj TJ. Radical mastoidectomy: its place in otitic intracranial complications. J Laryngol Otol 1993; 107: 1113-1118.
7 Access Economics. The cost burden of otitis media in Australia. Perth:
GlaxoSmithKline, 2009: 49-50. http://www.accesseconomics.com.au/
publicationsreports/getreport.php?report=190&id=244 (accessed Aug
2009).
8 World Health Organization. Chronic suppurative otitis media: burden of
illness and management options. Geneva: WHO, 2004.
9 Antonelli PJ, Dhanani N, Giannoni CM, Kubilis PS. Impact of resistant
pneumococcus on rates of acute mastoiditis. Otolaryngol Head Neck
Surg 1999; 121: 190-194.
10 Schwaber MK, Pensak ML, Bartels LJ. The early signs and symptoms of
neuro-otologic complications of chronic suppurative otitis media. Laryngoscope 1989; 99: 373-375.
11 World Health Organization, Ciba Foundation. Prevention of hearing
impairment from otitis media. WHO/Ciba Foundation Workshop; 1996
Nov 19-21; CIBA Foundation, London. http://www.who.int/pbd/deafness/en/chronic_otitis_media.pdf (accessed Aug 2009).
12 Morris PS, Leach AJ, Silberg P, et al. Otitis media in young Aboriginal
children from remote communities in Northern and Central Australia: a
cross-sectional survey. BMC Pediatr 2005; 5: 27.
13 Kelly HA, Weeks SA. Ear disease in three Aboriginal communities in
Western Australia. Med J Aust 1991; 154: 240-245.
14 Fontenette D, Doty CI. Mastoiditis. eMedicine 2008; Sep.
15 El-Sayed Y, Al-Serhany A. Acute mastoiditis and its complications: a
problem still with us. Aust J Otolaryngol 1998; 3: 143-146.
16 Bluestone CD, Klein JO. Intratemporal complications and sequelae of
otitis media. In: Bluestone CD, Stool SE, Kenna MA, editors. Pediatric
otolaryngology. 3rd ed. Philadelphia: WB Saunders, 1996: 611-627.
17 Luxford WM, Syms MJ. Chronic suppurative otitis media with cholesteatoma. In: Alper C, Bluestone C, Casselbrant M, et al, editors.
Advanced therapy of otitis media. London: BC Decker, 2004: 295-298.

MJA • Volume 191 Number 9 • 2 November 2009

S63

S U PP L E M EN T

18 Mason PS, Wabnitz DAM. Cholesteatoma in Aboriginal and non-Aboriginal patients in the Northern Territory. Aust J Otolaryngol 2002; 5: 104106.
19 MacKendrick A. Ear surgery in Australian Aboriginal children — is it
indicated and when is the best time? Aust J Otolaryngol 1999; 3: 240-242.
20 Mandell D. Acute otitis media with perforation. In: Alper C, Bluestone C,
Casselbrant M, et al, editors. Advanced therapy of otitis media. London:
BC Decker, 2004: 194.
21 Berger G. Nature of spontaneous tympanic membrane perforation in
acute otitis media in children. J Laryngol Otol 1989; 103: 1150-1153.
22 Rosenfeld R, Bluestone C, editors. Evidence based otitis media. 2nd ed.
London: BC Decker, 2003.
23 Boswell JB, Nienhuys TG. Onset of otitis media in the first eight weeks of
life in Aboriginal and non-Aboriginal Australian infants. Ann Otol Rhinol
Laryngol 1995; 104: 542-549.
24 Royal Australian College of Ophthalmologists. The report of the National
Trachoma and Eye Health Program. Sydney: RACO, 1980.
25 McCafferty GJ, Lewis AN, Coman WB, et al. A nine-year study of ear
disease in Australian Aboriginal children. J Laryngol Otol 1985; 99: 117125.
26 Mak D, MacKendrick A, Bulsara M, et al. Outcomes of myringoplasty in
Australian Aboriginal children and factors associated with success: a
prospective case series. Clin Otolaryngol Allied Sci 2004; 29: 606-611.
27 Leskinen K, Jero J. Complications of acute otitis media in children in
southern Finland. Int J Pediatr Otorhinolaryngol 2004; 68: 317-324.
28 Gravel JS. Hearing and auditory function. In: Rosenfeld R, Bluestone C,
editors. Evidence based otitis media. 2nd ed. London: BC Decker, 2003:
342-349.
29 Quinn S. Aboriginal hearing loss and ear disease in the Australian
Northern Territory. Aust J Audiol 1983; 5: 41-44.

S64

30 Watson DS, Clapin M. Ear health in Aboriginal primary school children in
the eastern goldfields region of WA. Aust J Public Health 1992; 16: 26-30.
31 Thorne JA. Middle ear problems in Aboriginal school children cause
developmental and educational concerns. Contemporary Nurse 2003;
16: 145-150.
32 Coates HL, Morris PS, Leach AJ, et al. Otitis media in Aboriginal children:
tackling a major health problem [editorial]. Med J Aust 2002; 177: 177178.
33 Paradise JL, Feldman HM, Campbell TF, et al. Effect of early or delayed
insertion of tympanostomy tubes for persistent otitis media on developmental outcomes at the age of three years. N Engl J Med 2001; 344:
1179-1187.
34 Nicholas JG, Geers AE. Expected test scores for preschoolers with a
cochlear implant who use a spoken language. Am J Speech Lang Pathol
2008; 17: 121-138.
35 Gunasekera H, O’Connor TE, Vijayasekaran S, Del Mar CB. Primary care
management of otitis media among Australian children. Med J Aust:
2009; 191 (9 Suppl): S55-S59.
36 Nienhuys T, Westwater A, Dillon H, et al. Developmental and educational
effects of conductive hearing loss among Australian Aboriginal children
and implications for educational management. Arctic Med Res 1991;
Suppl: 642-645.
37 Golz A, Westerman ST, Westerman LM, et al. Does otitis media in early
childhood affect reading performance in later school years? Otolaryngol
Head Neck Surg 2006; 134: 936-939.

(Received 25 Apr 2009, accepted 10 Aug 2009)

MJA • Volume 191 Number 9 • 2 November 2009

❏

