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Abstract 

Background. Ear disease and hearing loss among children are significant world- wide health 

problems that potentially cause speech and language development delay, social isolation, and 

academic failure. The prevalence is highest in low- and middle- income countries including the 

Pacific island countries where epidemiological data and resources are limited. National 

programs to raise awareness and detection rarely existed in most Pacific island countries. The 

purpose of this case study was to determine the prevalence of ear disease and associated hearing 

loss in primary school children. The data will be used as informed evidence to develop a propose 

strategies to address ear and hearing problems among primary school children in Tonga. 

Methods. This was a cross sectional population- based study which used otoscopy, 

tympanometry and pure tone audiometry to determine the prevalence of ear disease and hearing 

loss in 10 urban and 12 rural primary schools in Tongatapu. Results were collected on a digitised 

form from 489 students (88% of total selected population) class 1 to 6 (5 to 14 years of age) 

and data were analysed using quantitative statistical and mixed model method. 

Results. Wax was the most common ear problem found in 54.6% (267 students) of the primary 

school children both partial and occluded wax and more common in urban children (31%) as 

compare to rural (24%). This was statistically significant for age and school location but not 

gender. Followed with middle ear diseases in 12% (60 students, rural 8%, urban 4%) including 

children with suppurative otitis media (1.4%, perforation with ear discharge), suspected 

cholesteatoma (0.6%) and possible otitis media with effusion (10%, immobile, dull, retracted, 

atelectatic ear drum and type B tympanogram). Seven percent (37 students) of the students 

failed hearing test (defined as > 25 dB of best hearing ear) with middle ear disease (15 students, 

41%) the most common cause followed by  occluded wax (9 students, 24%), wax plus OME (7 

students, 19%) and 6 students (16%) under unknown cause. The mean threshold difference 

between occluded and non-occluded ears among primary school children were 3 dB. The 

improvement in mean threshold among children with occluded wax after removal was 7 dB. Of 

the 15% of children with bilateral hearing loss due to occluded wax, there was 5% reduction in 

number of students post wax removal. Wax removal benefitted 30% and 35% of students with 

unilateral and bilateral hearing respectively. Dental caries affected 28% of the primary school 

children. 

Conclusion. Ear disease causing hearing loss was commonly found among primary school 

children in Tonga. A national plan for ear and hearing care for primary school children including 
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early detection and management through school screening are very important to assist children 

to achieve better education.  
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1. Introduction 

Children at early stage of life are highly dependent on adequate auditory stimulation for optimal 

language and speech development, literacy skills and educational achievement (Olusanya, 

2007). The estimated number of new cases of otitis media (a common ear disease) are 709 

million each year and 51% of these occurring in under five. The incidence is highest in low- 

and middle- income countries (LMICs)1. Hearing impairment due to otitis media (OM) is 

highest (51.23 per ten thousand people) in the Oceania region with largest number of deaths 

(101.1 per 10 million people) attributable to complications of OM (Monasta et al., 2012). The 

limited resources and lack of awareness program in the Pacific island countries/territories has 

contributed to high prevalence of ear disease and hearing loss and Tonga is no exception. 

Background information about this research study is presented here followed by general 

information about Tonga. Followed by aims and objectives for this research are presented.   

1.1. Background. 

Ear disease and hearing loss are significant public health issues and in recognition of its’ 

importance and increasing burden, the World Health Assembly (WHA) in 1995 passes a 

resolution on prevention of avoidable causes of hearing loss and on its early detection in 

vulnerable groups including neonates, toddlers, young and older population according to the 

Ministry of Health primary health care system. The resolution was then endorsed during the 

70th World Health Assembly meeting in 2017 (World Health Organisation, 1995), (World 

Health Organisation, 2017). Ear disease and hearing loss affect all age groups by various causes 

that could be prevented through public health measures for early detection and intervention 

(World Health Organization, 2018a). There are 466 million people worldwide that have 

disabling hearing loss of which 34 million are children and majority (90%) live in low- and 

middle- income countries, where resources and strategies to address hearing loss are often 

lacking (World Health Organization, 2020) (World Health Organisation, 2017), (World Health 

Organization, 2018a). Appropriate epidemiological studies on the prevalence of ear disease 

and hearing loss are limited in number globally, and Pacific island countries (PIC) included 

 
1 Country economies were defined using Gross National Income (GNI) per capita using 

World Atlas method. Low income economies of $1025 or less, lower middle-income 

economies between $1,026 and $4.035, Upper middle-income economies between $4,036 

and $12,475 and High-income economies are those with GNI per capita of %12,476 and 

more.  
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(Sanders et al., 2015). Of the 22 Pacific island countries (PICs) only few published studies 

available conducted in the Solomons, Samoa, Papua New Guinea, Fiji, Tonga (Kaspar et al., 

2018a), (Kaspar et al., 2018b), (McPherson et al., 1994), (D. Smith, 1981) (Fang et al., 2016) 

(F. C. Langridge, 2017) and unpublished studies in Niue and Tonga  (Potter, 2017), (HEARS, 

2012; data available from author upon request) all focussed on children and showed high 

prevalence of ear disease with related hearing loss.2 Two studies have been conducted on ear 

and hearing on children in Tonga. Firstly, an unpublished Rotarian funded Pilot project 

(HEARS, Hearing, Evaluation, Assessment, Rehabilitation Survey) on ear disease and hearing 

loss examined 494 primary school children, aged 6 to 8 years in 7 primary school in Tongatapu. 

This study revealed that 21% of the children had middle ear disease (MED), 9% with wax 

impaction remained (after removing wax from 74 students), 61% with normal hearing and 9% 

required re-testing of hearing. The second study was part of a PhD thesis; “In our own 

backyard”. This thesis looked at the Health of 256 primary school children in Tonga aged 6 to 

15 years from three primary schools in Nuku’alofa. This study included an assessment of ear 

health and hearing; 36% failed the hearing test, 39% failed tympanometry (type B and C) (F. 

C. Langridge, 2017). These two studies were both focussed on primary schools in the central 

(urban) part of Nuku’alofa.   

There is an urgent need for population-based data in Tonga and the Pacific region more 

generally, to identify ear and hearing needs to enable implementation of a national policy and 

the design of appropriate public health measures for prevention of this health problem (Sanders 

et al., 2015).  This has provided the motivation for the present study.  Here children were 

sampled from primary schools in both rural and urban regions of the main island of Tongatapu 

to provide reliable data on ear disease for each demographic. This study will provide baseline 

data on ear and hearing needs in the Kingdom of Tonga in primary school age children, in-

order to design cost effective public health measures to combat ear disease and hearing loss. 

 

 

 

 
2 The 22 Pacific island countries/territories (American Samoa, Cook Islands, Federated States 

of Micronesia, Fiji, Guan, Kiribati, Marshall Islands, Nauru, Niue, Northern Marianas, Palau, 

Papua New Guinea, Pitcairn, Samoa, Solomon Islands, Tahiti, Tokelau, Tonga, Tuvalu, 

Vanuatu and Wallis and Futuna). 
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1.2. Tonga Context. 

1.2.1. Geography, Population and Economy 

Geography 

Tonga together with the other Pacific island countries/territories are categorised under low 

to upper middle- income countries under Gross National Income (GNI) by the world bank. 

The Kingdom of Tonga is located in the central south Pacific Ocean and consists of five 

divisions of islands: Tongatapu, Vava’u, Ha’apai, ‘Eua and the Ongo Niuas spread over an 

area of 720,000 square kilometers of land and sea with a total land area of 649 square 

kilometers. It comprises of 172 islands of which 36 islands are inhabited. These clusters of 

islands extended over a north-southaxis: Tongatapu (260 sq km) and ‘Eua (87 sq km) in the 

south, Ha'apai (109 sq km) in the middle, Vava'u (121 sq km) in the north and Niuafo'ou and 

Niua Toputapu (72 sq km) in the far north (Figure 1.1) (Tonga Community Development Trust 

& Global Network for Disaster Reduction, 2016), (Ministry of Finance and National Planning, 

2015). The map of Tonga shows these inhabited small islands dispersed over far reaching sea 

area which is a challenge in the health system to ensure health services are delivered to these 

isolated places. 

 

Figure 1.1. Map of Tonga.  

Adapted from https://www.spc.int/our-members/tonga/details.  

https://www.spc.int/our-members/tonga/details
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The capital, Nuku’alofa is situated in Tongatapu and islands are separated by a vaste area of 

sea that can be traversed either by aeroplane (daily) or boat (weekly)(Tonga Community 

Development Trust & Global Network for Disaster Reduction, 2016). The Vava’u and Ha’apai 

group have several smaller islands and this is where the challenge lies; these remote areas are 

only accessible by boat when weather permits. This implies that there are difficulties in 

delivering specialized services to these remote islands.  

Tonga is one of the countries which located in the “ring of fire” and the “cyclone belt” of the 

Pacific. Therefore, population are vulnerable volcanic eruptions, earthquakes, tsunamis, 

droughts, cyclones and coastal flooding. Tonga remains vulnerable to climate change and is 

threatened by any rise in sea level which may exacerbate of coastal erosion and heavy rainfall. 

Heavy rainfall imposes a danger of dirty water where children love to play, and if dirty water 

gets into their ears, they might develop ear infections. 

Population 

Tonga is unique in the Pacific because it is the only surviving hereditary constitutional 

monarchy. The government is headed by the Prime Minister while the King is the head of the 

State  with a population of 100,651 from the last census in 2016 (Tonga Statistics Department, 

2017), (The Department of Foreign Affairs and Trade, n.d.). A majority, 74% of the population 

live in Tongatapu with 23% residing in urban or Nuku’alofa area in villages of Kolofo’ou, 

Kolomotu’a and Ma’ufanga. Rural areas of Tonga include all villages outside these three 

villages of Nuku’alofa perimeter and the rest of the outer islands which makes up 77% of 

Tongan population (Tonga Statistics Department, 2017). The distribution of Tonga’s 

population among the island groups are shown in Figure 1.2. The rural Tongatapu was 

described in other survey as peri-urban because it is only take half an hour at the most to travel 

in to Nuku’alofa (Tonga Ministry of Health et al., 2013). .  
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Figure 1.2 Distribution of the population among the islands in percentage.  

Adopted from https://tongastats.gov.to/census/population-statistics/#60-wpfd-2016-

1498707296 

Tonga has a crude birth rate of 27 per 1000 population and amongst the lowest infant mortality 

(IMR) rate (20 per 1000 live births) in the Pacific (Tonga Department of Statistics and Tonga 

Ministry of Health, SPC and UNFPA., 2014), as compared to Kiribati with 40, Vanuatu, 

Solomon, Tokelau and Tuvalu (30) and Papua New Guinea (60) and higher than Fiji (15), 

American Samoa (10-12), French Polynesia and Wallis and Futuna (5) (Linhart et al., 2014). 

In the 2016 census, more than one third (36%) of the population were 15 years and younger 

with median age of 22 years old and only 9% were 60 years and over (Tonga Statistics 

Department, 2017). This youthful population is the result of a continued high fertility rate, and 

it is this population that the present study targeted, motivated by a desire to design a sustainable 

program for the early identification and intervention to avoid the long-term effects of ear 

disease and hearing loss. The ethnic composition of residents is largely Tongan (98%) with 

equal contributions of Part Tongan and Chinese. The 2016 census calculated the average 

household member for Tong was 5.5 people in both urban and rural regions  with more than 

26% of people that live in private households have seven or more household members and only 

6% live in households with single member (Tonga Statistics Department, 2017). The high 

figure for average house hold member for Tonga is attributable to living in an extended family 

to encourage sharing and working together to achieve a goal whereas for Australia and New 

Zealand, an average house hold member in 2016 accounted for 2.64 and 2.60 respectively 

(Ministry of Finance and National Planning, 2015), (Statistics, 2019).   

Tongatapu
74%

Vava'u
14%

Ha'apai
6%

Eua
5%

Ongo Niua
1%



 

6 
 

Currently there is no national ear and hearing screening program to identify those with 

hearing loss, although several non-governmental organisations house patients with subjective 

hearing loss. These institutions including Mango Tree, Red Cross, Ofa Tui ‘Amanaki (OTA) 

and Naunau ‘o e ‘Alamaite Tonga Association (NATA). The noise regulation in place in 

Tonga under the Public Places Act and Public Health Act stated that any noise which become 

disturbed, loud and excessive in any hour of the day especially beyond 10 pm is regarded 

unlawful. This include noise from construction site, amplified sound system from vehicles or 

any excessive noise heard outside a private property (Matangi Tonga, 2019). 

Economy 

Tonga was categorised as an upper-middle income country in mid-2013 with a gross nation 

income (GNI) per capita of US$4240 and a gross domestic product (GDP) per capita of 

US$4,494 in 2012 (Rodney et al., 2015). The primary sectors such as agriculture, forestry and 

fisheries export consistently account for about 20% of the GDP and are the backbone of 

Tonga’s economy. However, Tonga still remains dependent on external aid agencies (New 

Zealand Government Aid, Australian Government Aid, European Union, People’s Republic of 

China, Asian Bank and World Development Bank) and remittances (Ministry of Finance and 

National Planning, 2015). The main exports include squash, yams, vanilla beans, sandal woods, 

sea cucumbers, tuna and seaweed (Asia Pacific Observatory & World Health Organization, 

2015). 

According to the Tonga 3rd Millennium Development Goal (MDG) report for 2015, an 

estimation of 22.1% of the population are living below the National Poverty line or Basic Needs 

Poverty line. National poverty line or Basic need poverty line is defined as the number of 

people who have hardship in meeting their basic needs, high cost of living, lack of access to 

basic services and inability to gain opportunities (Ministry of Finance and National Planning, 

2015). It is reported that up to 90% of Tongan households receive remittances from relatives 

residing overseas which helped to relieve economic hardships (Asia Pacific Observatory & 

World Health Organization, 2015). Even though Tongan is a traditionally cashless society the 

strong social community network among villagers acts as safety net by supporting and sharing 

with each other. It was reported no person has died of hunger as families have their own farming 

and can go fishing to feed each member (Ministry of Finance and National Planning, 2015). In 

the 2012 demographic health survey (DHS), more households from rural areas in the lowest 

wealth quintile while with only a few in the highest wealth quintile. Whereas, more households 
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from urban areas were in the highest wealth quintile compared to rural  (Tonga Ministry of 

Health et al., 2013). The wealth index was defined as “a background characteristic used as a 

proxy for long term standard of living of the household based on household’s ownership of 

consumer goods, dwelling characteristics, source of drinking water, toilet facilities and other 

characteristics related to a household’s socioeconomic status”. The survey also revealed that 

75% percent of children in urban area who had fever were taken to a health facility compare to 

58% among those living in rural Tongatapu. Those children who were seeking medical 

assistance were in household where their mothers had education level higher than secondary 

and in higher economic status (Tonga Ministry of Health et al., 2013). This impose challenges 

on children with ear problems even though health centres are situated in rural areas and primary 

health care services are provided with essential drugs within one- hour walk, the specialise ear 

and hearing care are not available. The lack of access and poor awareness of ear problems 

among people in rural area will discourage them from seeking medical help for their children.  

1.2.2. Education 

The first school in Tonga was started by a Wesleyan missionary in 1828 and education has 

been compulsory since 1876. The formal education system consists of 6 years of primary 

School (Class 1 to 6), 7 years of Secondary Schools (Form 1 to 7) and starts from 6 months 

to 3 years or more depending on the training offered for post-secondary education (Tonga 

Ministry of Health et al., 2013). It is compulsory to attend school from 6 – 14 years of age 

(Catherwood et al., 2003). The education system responsibility is shared by government (110 

primary schools) and non-government (22 primary schools, mainly church) organisation. 

While school fees are incurred in the secondary and higher education levels, it is free for all 

government primary schoolers which made up 84% and some non-government or churches 

schools of 16% of the primary school population in 2014 (Tonga Ministry of Education & 

Pacific Community (SPC), 2015). The church’s primary schools are free also except for few 

private owned mission schools who also encountered in international curriculum rather than 

Tonga Ministry of Education and Training (MOET) syllabus which followed by the remain 

schools (Fonua, n.d.), (Education - Tonga Stats, 2012).   

In 2014 census a total of 132 primary schools in Tonga, 66 (urban;19, rural;47) in Tongatapu 

and 66 in the outer islands with equal distribution in number of students between urban and 

rural Tongatapu (Tonga Ministry of Education & Pacific Community (SPC), 2015). The 

primary school net attendance ratio (NAR) is 93%, while the secondary school is only 83%. 

Lower attendance rate in secondary school is due to families being in financial hardship, 
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children are sent for schooling overseas or they have to provide for or look after family 

member (Tonga Ministry of Health et al., 2013). Children may start school at the age of 5 

provided their 6th birthday is by the 30th of May rather than waiting for the following year. 

According to United Nations Educational, Scientific and Cultural Organization (UNESCO), 

1.6 million adults in Pacific region (1) (1995-2004) lacked basic literacy with rate of 93% 

with disparities between country. While the literacy rate for Samoa and Tonga was at 99% 

for 15 years and older, there was a much lower rate for Papua New Guinea and the Solomons 

of 57% and 74% respectively (United Nations Educational Scientific and Cultural 

Organization, 2008), (Tonga Ministry of Health et al., 2013). It is very important to address 

any hearing impairment early in-order to avoid being isolated but to optimise academic 

achievement. Screening children at primary school is a perfect opportunity to identify and 

intervene early since it is compulsory to attend school and attendance rate is high. The 

Ministry of Education and Training (MOET) has adopted an inclusive education policy to 

ensure children with a disability such as deafness receive appropriate access to education 

which have been implemented in one Government primary school (GPS) in Tongatapu 

(Tonga Statistic Department, 2018). Available also are Non-government organization (NGO) 

bodies such as Tonga Red Cross, Mango Tree, Naunau ‘o e ‘Alamaite all provide services 

like educational activities to people with hearing loss. Currently, there is no school for the 

deaf in Tonga nor a trained sign language personnel. 

1.2.3. Health 

Health System 

The Health system in Tonga is mostly through public system (90%) overseen by the Ministry 

of Health (MOH) with only a small private health sector (10%). In 2011, WHO reported that 

5% of the government Gross Domestic Product (GDP) was spent on health although this 

fluctuated between 2005-2008 and peaked at 6-7%. The Ministry of Health total health 

expenditure was over TOP$40 million in 2007 with 47% by the government as the main 

financer, supplemented by large amount of donor and development partner funding (38%) and 

an average of 15% coming from private (Rodney et al.,  2015). Health services are provided 

through five district hospitals with one referral hospital, Vaiola Hospital (Figure 1.3) located 

in the capital city Nuku’alofa in Tongatapu plus 14 health centers and 34 maternal and child 

health clinics. All hospitals and health centers provide primary health care to the populations 

of their island groups through outpatient and emergency services. However, 90% of health 

services like radiology, laboratory and surgical services are delivered in the hospitals and the 
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remaining 10% are from the health centers. The public health system services are provided free 

(at no out of pocket cost) to the local people and small proportion of the population utilize the 

private health sector where they have to pay for consultation and treatment.  

The MOH has developed a goal that “by 2020 Tonga will be the healthiest nation compared 

with its Pacific neighbors”. It has also put in place a mission which is “to support and improve 

the health of the nation by providing quality, effective and sustainable health services and being 

accountable for the health outcomes” (Ministry of Health Kingdom of Tonga, 2015). A review 

conducted in 2018 revealed signs of early progress achieving targets in population health and 

health systems. To name a few, this include fall in behavioral   risk factors relating to tobacco 

amongst adolescents, rate of premature death related to NCD has not risen and strengthening 

organizational structure in the MOH (Specialist Health Service DFAT, 2019) 

 

Figure 1.3 Vaiola Hospital  

The Ministry of Health is headed by the Minister of Health and the Director of Health who 

overlook the administrative and managerial role of the seven main departments (Health 

planning and policy, administration, nursing, dental, Public Health and Medical) as shown in 

Figure 1.4. Hospital services are looked after by the Medical Superintendent and the Chief 

Medical Officer (CMO). The minimum threshold level of health workers (physician, nurses 

and midwives) per 1000 recommended by WHO was 2.3. The Tongan medical workforce 

density in 2013 was 3.54 per 1000; higher as compared to most neighboring Pacific island 

countries as shown Table 1.1. 

 

 



 

10 
 

  Personnel per 1000 population (latest available year) 

Country Physicians 
Nurses and 

midwives 

Physicians, nurses and 

midwives 

Australia  3.6 (2016) 9.59 (2009) 12.59 (2009) 

Fiji  0.8 (2015) 2.24 (2009) 2.67 (2009) 

Kiribati  0.2 (2013) 3.71 (2010)  4.09 (2010) 

New Zealand  3.0 (2016) 10.87 (2007) 13.25 (2007) 

Samoa  0.3 (2016) 1.85 (2008) 2.33 (2008) 

 Solomon 

Islands  
0.2 (2016) 2.05 (2009) 2.27 (2009) 

Tonga 0.5 (2013) 3.01 (2013) 3.54 (2013) 

Vanuatu  0.2 (2016) 1.7 (2008) 1.82 (2008) 

Table 1.1. Health workers per 1000 population for Pacific countries in latest available year.  

All Pacific island countries doctor to population ratio was six times lower than Australia and 

New Zealand and could contribute to the lack of specialised ear nose and throat surgeon across 

the Pacific island countries compare to higher number of general surgeons. Only Tonga and 

Kiribati nurses and midwives per 1000 population are above the recommended ratio while 

Vanuatu and Solomons are under the recommended level for health workers to population. 

However, the possibility of improvement in health worker to population ratio are also affected 

by brain drain (World Health Organisation, 2019). Vaiola Hospital is a general medical and 

surgical hospital equipped with range of free health care services to permanent residents 

including general practice medicine, admissions, minor and major operation with an intensive 

care unit, laboratory, radiology with CT scan, pharmacy, dental and physiotherapy. District 

hospital are staffed with Medical officers and some have laboratory and radiology services. 

Serious cases and further diagnostic investigations are referred to Vaiola Hospital. Specialised 

services like Eye and Ear care are only available in the referral hospital. Patients can be seen 

at the district hospitals or health centres for primary care before the decision is made to refer 

to the Ear Nose and Throat (ENT) clinic at Vaiola. Primary care makes the initial clinical 

assessment and provides medicine where necessary, writing a referral letter and booking 

specialist appointments. Further interventions such as cleaning ears or removing foreign bodies 

are all delivered at the ENT clinic. 

Donor and development partners (WHO, UNFPA, Australia [DFAT, RACS PIP], New Zealand 

[NZMTS], Hawaii (SCHRINER) provide funding investment, technical assistance and 

programmatic support in the governance and organisation of the health system through funding 

overseas medical specialists to deliver services in Tonga and transferring patients overseas for 

further treatment which are not available in Tonga (Rodney et al., 2015). 
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The private health sector consist of a small percentage (2%) of private pharmacies that some 

government health workers engaged in both service (Asia Pacific Observatory & World Health 

Organization, 2015). People utilise private services to avoid waiting time, more convenient 

open hours as most are open after working hours, and the anecdotal thought is that better 

medical services and supplies are available. Others seek medical assistance from traditional 

healers who had significant estimated cohort of 1000 (2005/2006) as there is no formal 

regulations relating to these providers. The number of traditional healers is huge compare to 

800 staff employed in Ministry of health of which 600 in clinical roles. Data from 2012 

household survey indicated that services offered by traditional healers are much more 

appreciated and trusted by certain despite no proof of any beneficial. They are the first point of 

call in remote areas. Even though traditional healers may be paid in kind they contributed 

almost one third of out of pockets (OOPs) (Asia Pacific Observatory & World Health 

Organization, 2015). This had become a concern in ENT clinic in Tonga because people who 

experienced ear pain seek help from traditional healers first then health service when it did not 

resolve. With lack of awareness and education on ear care this act will put more burden on 

health system.    
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MOH organization structure 

 

Figure 1.4. Tonga ministry of health organization structure. 

ENT Clinic 

In Tonga ear and hearing care services are delivered from the Ear Nose and Throat (ENT) clinic 

at the only referral hospital called Vaiola. This clinic started in 1987 and while it has been 

established for a long time it is still under-staffed with only 3 ENT surgeons with limited access 

to standard equipment. Most of the surgeons are trained on the job as there is no 

Otolaryngology training available in the Pacific islands except the University of Papua New 

Guinea. Minor and major surgical services are delivered at Vaiola Hospital, offered to patients 
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identified with ear problems from the ENT clinic. Services are complimented by visiting ENT 

head and neck teams which consist of an ENT surgeon, anesthetist and an ENT-specialized 

nurse upon request by the local ENT surgeon at least once a year for a week under the Pacific 

Island Program (PIP) from Australia.  This is also an opportunity to train the local staff. 

Similarly, ENT nursing staff are trained on the job and by the visiting nurse. Even though 

Tonga has no qualified audiologists, a sound-proof booth with audiogram, tympanometer and 

otoacoustic emission (OAE) machine are available and audiological assessment are carried out 

by ENT nurses and doctors. 

An outreach program to the outer islands supposedly quarterly takes place when funds are 

available to support a local visiting team. This outer island visiting team consists of an ENT 

surgeon and a staff nurse, who conduct outpatient clinics and minor surgery for instance 

myringotomy and grommets insertion, or tonsillectomy if anesthetic equipment is available. 

The complicated cases are referred to Vaiola Hospital. Individual identified with ear and 

hearing problems are dealt with at the hospital’s out-patient department (OPD), health centers 

and the outer Islands initially prior being referred to ENT clinic at Vaiola Hospital. A 

rehabilitation service recently delivered by Starkey Foundation where 600 people were fitted 

with hearing aids at no cost. There was no formal audiology assessment conducted except for 

voice test in identifying candidates for hearing aids. Hearing aid rehabilitation is also looked 

after by an ENT nurse. 

According to ENT clinic data for year 2011-2016 provided from Ministry of health information 

data, more than 75% of presentation were related to ears with 5 to 14 years the most common 

age group. The distribution of ear problems was as almost 50% were middle ear disease and 

one third had wax. There is no data on hearing loss despite having audiometer being available 

in the clinic. This was because of shortages of staff and hearing test was not routinely 

performed and when it was carried out, hearing loss was not in the health system diagnosis list. 

1.2.4.  Population Health 

The Non-communicable diseases (NCDs) have become the greatest ‘burden of disease’ and the 

challenge to Tonga health system (Rodney et al., 2015). In 2011, WHO estimated that NCDs 

account for 74% of all deaths in Tonga and are a leading cause of premature death and 

disability. The 2004 STEPS survey revealed that 92.1% of adult in Tonga between 25 and 64 

years were at risk of developing NCDs (Tonga Ministry of Health, 2012). Since Tonga has a 

high (39%) proportion of population that is under the age of 15 the primary prevention of 
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obesity, inactivity and poor nutritional habits are key strategies for future population health. 

Study has shown an association between overweight and obesity with an increasing risk of 

hearing loss and that metabolically unhealthy obesity may confer additional risk (H. Hu et al., 

2019). Therefore, in 2004 the Tongan Government, launch the first national strategy to prevent 

and control of NCDs. together with A great support from multiple ministries and this became 

a top priority for the MOH 2008 – 2012 Corporate plan (Ministry of Finance and National 

Planning, 2015). Even though various preventative strategies were implemented in the last ten 

years the NCD risk factors such as overweight, poor nutrition inactivity remain high. This was 

revealed in the repeated STEPS survey report in 2014 where rates of obesity and overweight 

were higher among women (94.9 to 94% repeated) compared to men (89.2 to 87.3% repeated) 

(Tonga Ministry of Health and Statistics Department, 2014). In the past, the main cause of 

children mortality was diarrhea which is now replaced by invasive infection caused by 

pneumonia (Ministry of Finance and National Planning, 2015). Currently the MOH National 

health strategies plan (NHSP) 2015-2020 target reducing premature deaths and disability in 

children, adolescent and adult population age groups which will eventually contribute to 

achieving improved quality of life as required in the Tonga strategic development framework 

II  (Ministry of Finance and National Planning, 2015).  Streptococcus pneumoniae is the 

commonest bacterial cause of infectious disease in children for instance, causing acute otitis 

media and pneumonia (Konstenniemi et al., 2018). Pneumococcal conjugated vaccination is 

not in Tonga’s scheduled immunisation but reports have shown a reduction in case fatality of 

invasive pneumococcal disease (IPD) from the introduction of conjugated pneumococcal 

vaccination (Lutui et al., 2017), (The Institute of Environmental Science and Research Ltd, 

2016), (Konstenniemi et al., 2018). There are multiple factors attributable to the health 

challenges in Tonga including unhealthy behaviour such as poor diet, lack of exercise and 

smoking, adverse environment effects because of climate changes, population growth and 

social determinants. To combat the huge financial burden incurred by chronic and non-

communicable diseases, the primary health care system need to be strengthened and adapted 

(Asia Pacific Observatory & World Health Organization, 2015). 

1.3. Study Context 

Anecdotal evidence suggests that ear disease and hearing loss are a major health problem in 

school-aged children in Tonga despite the lack of published population-based surveys.  Clinical 

experience suggests that most ear disease in Tonga is due to either wax impaction in the ear 

canal, or otitis media.  There is no systematic data to support this clinical impression, and the 



 

15 
 

impact of each cause of ear disease upon hearing is not known.  While there is literature to 

suggest that otitis media causes hearing loss (Aithal et al., 1995), (Al-Rowaily et al., 2012), 

(Eldridge et al., 1970), (Olusesi, 2008) little is known about the impact of wax impaction upon 

hearing. It is hypothesised that impacted wax affect children’s level of hearing and the 

proportion of ear disease among rural primary school children may be higher, because of poor 

access to ENT services, low education level of mothers and low socio-economic status as stated  

(Tonga Department of Statistics and Tonga Ministry of Health, SPC and UNFPA., 2014).  This 

paucity of ear and hearing health data forms the rationale to this study.  The results will 

determine the prevalence of ear disease and its associated hearing status in primary school 

children and will contribute to the development of a national policy for prevention of hearing 

loss and provide service delivery recommendations for primary school children in Tonga. 

This is a case study in primary school-aged children (age 5 to 14 years) in Tongatapu to 

determine the prevalence of ear disease and its associated hearing loss and to evaluate whether 

this differs significantly between urban and rural primary school-aged children. This survey is 

conducted on selected classes in primary schools from urban and rural area in Tongatapu.   
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2. Literature Review. 

2.1. Introduction 

Firstly, a clinical description of ear diseases and associated hearing pathology is presented.  

Risk factors including adverse consequences and preventable approaches will be discussed. 

Secondly, I will explore public health issues in relation to ear diseases and hearing loss. 

Prevalence of ear disease and hearing loss at global, regional and local regions will be also 

discussed. This will be followed by looking at factors attributable to improvement of ear and 

hearing care. Lastly, there is a description of what is lacking and needs to be addressed, as 

this led to the rationale of this research project.  

2.2. Clinical Description 

2.2.1. The auditory Pathway 

Anatomy of the Ear.   

The ear is a highly specialised sensory organ responsible for capturing and converting sound 

waves into electrical impulses which are then interpreted by the brain. The ear is divided into 

three parts; the outer, middle and inner ear (Shapiro & World Scientific (Firm), 2012), (K. J. 

Lee, 2012). The outer ear extends from the pinna to the tympanic membrane connected through 

the external auditory canal (EAC), an epithelial lined canal 2.5cm long. The middle ear refers 

to an air-filled cavity located between the tympanic membrane and the oval window. The 

middle ear consists of the Eustachian tube (ET) and three ossicles (malleus, incus and stapes) 

in continuity. Stapes, the most medial ossicle rests its footplate on the oval window, where the 

inner ear begins. The inner ear contains the cochlear which enables sound transmission to the 

brain via the auditory nerve. (K. J. Lee, 2012),(Shapiro & World Scientific (Firm), 2012). A 

picture of the anatomy of the ear is presented below (Figure 2.1). 
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Figure 2.1. Anatomy of the ear.  

Source: OpenStax College, Anatomy and Physiology (Open access). Download for free at 

http://philschatz.com/anatomy-book/contents/m46577 

The middle ear is connected to the nasopharynx by the Eustachian tube (ET). A well- 

functioning middle ear is highly dependent on its propensity to prevent middle ear disease 

(MED). The ET protects the middle ear cavity from nasopharyngeal secretions and clears 

secretions produced in the middle ear into the nasopharynx by ciliary movement while 

equilibrating pressure in the middle ear cavity to the atmosphere (Bluestone, 1998). Infants and 

young children are at an increased risk of AOM because of their underdeveloped anatomy that 

can cause a functional obstruction of the Eustachian tube. A decrease in efficiency of the tensor 

veli-palatini muscles and a more horizontal position in  comparison to adults, can cause the 

Eustachian tube to collapse resulting in impaired pressure equilibration and muco-ciliary 

clearance (Mandel et al., 2016), (Durand et al., 2018). The short length of the ET in infants and 

children is also believed to be related to spreading infections from the nose and throat to the 

middle ear (Shapiro & World Scientific (Firm), 2012). The Eustachian tube can also be 

obstructed by mechanical causes due to intrinsic or extrinsic factors. Intrinsic obstruction could 

be the result of factors affecting the ET lumen, including inflammation due to infection or an 

allergic reaction. While extrinsic obstruction is the result of extramural pressure when lying 

down or peri-tubal compression secondary to adenoid mass or tumour (Mo et al., 2016). 

The transmission of sound. 

The main function of the ear is to capture sound waves, transmit them through the ear canal 

causing a vibration of the tympanic membrane shown in Figure 2.2. The malleus bone which 
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attaches to the ear drum is then moved by the vibration of the ear drum (1) and (2). Sound 

waves are amplified through the series of three ossicles (malleus, incus and stapes) in the 

middle ear to the oval window (3). The stapes footplate attaches to the oval window of the 

inner ear and transmits vibrations from the middle ear to the fluid-filled inner ear, setting up a 

pressure wave in the auditory organ, the cochlea. This, in turn, initiates a travelling wave along 

the ribbon-like sensory organ, the organ of Corti. The organ of Corti then stimulates the array 

of sensory hair cells which transform these mechanical vibrations into electrical signals, 

leading to stimulation of the auditory nerve (K. J. Lee, 2012) (4) and (5). The neural signal that 

pass on the auditory nerve is sent to the brain where it is then differentiated into sound (Shapiro 

& World Scientific (Firm), 2012), (K. J. Lee, 2012). 

 

 

Figure 2.2. Transmission of sound waves to cochlea. 

Source: OpenStax College, Anatomy and Physiology (Open access)        

 Download for free at http://philschatz.com/anatomy-book/contents/m46577 



 

19 
 

2.2.1. Hearing Loss 

An impairment in perceiving sound either partial or total, in one or both ears is defined as 

hearing impairment or hearing loss. A child that can detect a sound at the level of 20 decibels 

or less is considered to have normal hearing (K. Shah et al., 2013). Hearing loss has various 

classification according to the degree (mild, moderate, severe and profound) and the value that 

correspond to the degree of hearing loss or type of hearing disability (conductive, sensorineural 

or mixed) (K. J. Lee, 2012). WHO classified hearing loss by the degree of communication 

difficulty as a function of hearing loss as shown in Table 2.1 (World Health Organization, 

2016) . The above mention examples used two different levels: while WHO defined normal 

hearing as 25 decibels (dB) or better the other definition used 20 dB or less. The World Health 

Organisation defines a person with hearing loss as having an average hearing threshold greater 

than 25 dB across four auditory frequencies (0.5kHz, 1 kHz, 2kHz and 4kHz) in at least one 

ear (WHO, 2019).  A person who is ‘hard of hearing’ refers to mild to severe hearing loss who 

mainly communicate through spoken language while ‘deaf’ refers to profound hearing loss 

with very little or no hearing. Both will benefit from an assistive device to be able to hear 

(World Health Organization, 2018a), (K. J. Lee, 2012). The use of various definitions make 

comparison across age group and location more difficult. 

Grade Frequency 

(dB) 

Severity 

Slight/Mild 26 – 40 Difficulty hearing and understanding soft speech, speech from 

a distance or speech from a background of noise. 

Moderate 41 – 60 Difficulty hearing regular speech even at close distance 

Severe  61 – 80 Can only hear very loud speech or loud sounds in the 

environment such as fire truck siren or door slamming. Most 

conversational speech is not heard. 

Profound Over 81 May only perceive loud sound as vibrations 

Table 2.1. Classification of hearing loss according to severity.  

Adapted from World Health Organisation 2016. 

Hearing loss can result from damage or a deficiency in any component of the auditory pathway. 

It may be present on one side (unilateral) or involve both ears (bilateral).  
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Types of Hearing Loss 

There are three types of hearing loss; conductive, sensorineural, or mixed (a combination of 

conductive hearing loss and sensorineural hearing loss) (K. Shah et al., 2013), (K. J. Lee, 2012). 

Conductive hearing loss (CHL) is usually of low frequency loss (mild to moderate) however, 

it can be severe to profound in chronic cases. A blockage or attenuation of transmitting 

mechanical sound from the outer ear to the oval window either by mechanical versus 

pathological or acquired versus congenital can cause conductive hearing loss (K. Shah et al., 

2013), (K. J. Lee, 2012). The causes can be commonly acquired and may lead to hearing loss 

at any age. Common causes include: 1) wax or foreign bodies blocking the ear canal 2) chronic 

ear infections (perforated tympanic membrane or chronic suppurative otitis media) 3) middle 

ear fluid (otitis media with effusion), 4) infectious disease (meningitis, measles and mumps) 5) 

fixation, erosion or discontinuity of the ossicular chain from either a congenital abnormality or 

sequela of chronic ear infection 6) use of ototoxic medicine 7) injury to the head or ear 8) 

excessive noise and 9) ageing (American Speech-Language-Hearing Association, 2019)  , (K. 

Shah et al., 2013). Some congenital causes are 1) discontinuity or absence of long process of 

incus 2) atresia of oval window 3) persistent stapedial artery (Shapiro & World Scientific 

(Firm), 2012). 

Sensorineural hearing loss (SNHL) is a result of damage to the auditory organ (cochlear) or 

nerve pathways between the inner ear and the auditory cortex and dysfunction at the level of 

central auditory system can also occur (K. Shah et al., 2013). It is usually unilateral, with 5% 

of bilateral involvement and can occur suddenly or progressive at range of mild (30 dB) to 

profound hearing loss (Schreiber et al., 2010). The causes of SNHL can either be acquired or 

congenital (K. Shah et al., 2013). Congenital hearing loss is defined as hearing loss being 

present at or acquired soon after birth and it is the most common sensory birth disorder in 

newborns occurring in 1 to 3 per 1000 live births (K. Shah et al., 2013). Hearing loss can be 

caused by hereditary and non-hereditary genetic factors (American Speech-Language-Hearing 

Association, 2019). Hereditary hearing loss is further separated into non-syndromic, in which 

hearing loss is the only abnormality, and syndromic, in which hearing loss is associated with 

other genetic abnormalities (K. Shah et al., 2013) like Alport, Wardenburg, Usher, Pendred, 

Treacher-Collins, Brachio-oto-renal, and Jervell and Lange Nielsen (Shapiro & World 

Scientific (Firm), 2012). Syndromic hearing loss account for 10-20% of congenital hearing loss 

and it can either be sensorineural, conductive or mixed (K. Shah et al., 2013). The non-

hereditary causes of congenital hearing loss include infectious diseases (maternal rubella, 
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syphilis, mumps), ototoxic drugs during pregnancy (aminoglycosides, antimalarial drugs, loop 

diuretics), birth asphyxia, severe neonatal jaundice, and low birth weight (Shapiro & World 

Scientific (Firm), 2012), (American Speech-Language-Hearing Association, 2019).  

2.2.2. Ear diseases 

2.2.2.1. Otitis media 

Otitis media (OM) is considered to be  a worldwide paediatric health care problem (Monasta 

et al., 2012) defined as a continuum of inflammatory and infective diseases in the middle ear. 

It is a self-limiting health condition that can be infectious (bacterial or viral) in origin. The most 

common pathogens identified are Streptococcus pneumoniae, Haemophilus influenzae and 

Moraxella Catarrhalis (Mahadevan et al., 2012). Acute otitis media (AOM) is the second most  

common disease of childhood with 60% experience at least one episode by their first birthday, 

80% by three years of age (J. O. Klein, 2000), and 40% will have six or more recurrences by 

the age of seven (Monasta et al., 2012). OM is not a single pathology, rather it can be series of 

different types, when it does not resolve or has tendency to recur it can become chronic. The 

various types include Otitis media with effusion (OME) or glue ear, Chronic suppurative otitis 

media (CSOM) or perforated tympanic membrane. OM including all its subtypes is the most 

common cause of conductive hearing loss in children. OM if left untreated can progress to 

complications including cholesteatoma (epidermal middle ear tumour), facial paralysis, 

meningitis, brain abscesses and potential death (Acuin & Organization, 2004a). 

Acute otitis media is described as otitis media which occurs for less than three weeks in  

duration (Shapiro & World Scientific (Firm), 2012). AOM is usually preceded by upper 

respiratory tract infection which leads to congestion of the nasopharynx and Eustachian tube. 

AOM is characterized by sudden onset of signs and symptoms of inflammation in the middle 

ear accompanied by middle ear effusion. Presentations of AOM can include bulging or 

fullness of the tympanic membrane (TM), a decrease in mobility and air fluid level behind the 

TM; erythema of TM and acute perforation with otorrhea Figure 2.3. Symptoms include 

otalgia, irritability and fever (Shapiro & World Scientific (Firm), 2012). 
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Figure 2.3. Otoscopic appearance of AOM. 

Feature of bulging, dull and hyperemic ear 

drum. 

Acute otitis media is a global health 

problem and is the second most common 

illness in early childhood. AOM is 

responsible for the most antibiotic 

prescriptions than any other childhood 

illness (Durand et al., 2018) (Grindle, 

2015). The prevalence of AOM is typically 

lower in higher income countries in comparison to low and middle income countries (LMICs) 

(Stevens et al., 2011), (Graydon et al., 2019). On the contrary, high incidence of middle ear 

disease (42%) discovered among Aboriginal children in Perth and Pacific islanders (25.4%) 

living in New Zealand (Williams et al., 2009), (Paterson et al., 2007). Differences in prevalence 

can be reflective of a well-designed and funded health system that can effectively detect, 

manage and typically prevent ear and hearing problems which may be lacking in low- and 

middle- income countries.  

Otitis media with effusion often presents as the accumulation of fluid in the middle ear cavity 

without any sign of acute ear infection. This build-up of fluid from the decreased clearance of 

secretions and the development of negative pressure in the middle ear cavity create pressure 

differential-related movement of secretions containing microbes from the nasopharynx into the 

middle ear cavity. Bacterial replication and infection may ensue with release of inflammatory 

mediators.(Bluestone, 1983), (K. J. Lee, 2012), (Durand et al., 2018). An immobile ear drum 

and type B tympanogram, meaning that there is negative air pressure in the middle ear assist in 

making a diagnosis (Shapiro & World Scientific (Firm), 2012). Accumulation of fluid in the 

middle ear impairs transmission of sound to the inner ear. OME mostly causes mild to moderate 

hearing loss which may persist for months. In most cases, middle ear effusion resolves 

spontaneously so watchful waiting is recommended for at least three months before considering 

any treatment. However, it may persist secondary to prolonged ET obstruction and negative 

middle ear pressure. However, it may persist secondary to prolong ET obstruction and negative 

middle ear pressure.  
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Infants and very young children are greatly affected because of their anatomical and immune 

system immaturity. Studies reveal that OM peaks between 6 and 18 months which can reflect 

decreased maternal immunity that is being passed on to the child. Beyond six to seven years of 

age the number of cases decreases, due to maturity of the immune system and anatomy of the 

Eustachian tube and craniofacial (Mandel et al., 2016), (Durand et al., 2018) (K. Shah et al., 

2013). Children with past recurrent acute otitis media can be found to have residual Eustachian 

tube opening inefficiency after they recover from an episode or episodes of middle ear disease 

(Mandel et al., 2016). The insertion of ventilation tube for aeration of the middle ear is a 

commonly performed procedure to allow drainage of fluid and mucus, resulting from chronic 

OME (Shapiro & World Scientific (Firm), 2012). Hu et. al have shown an improvement in air-

bone level of hearing with tympanostomy tube insertion by 10dB and 7 dB at 2 at 6-10 months 

respectively (S. Hu et al., 2015). However, complications resulting in  persistent tympanic 

perforation and recurrent chronic suppurative otitis media have been observed (Jassar et al., 

2009).  

Chronic suppurative otitis media is one of the sequelae of otitis media if it is not treated and 

managed properly. CSOM is defined as a chronic inflammation of the middle ear and mastoid 

cavity with persistent purulent discharge through a perforated tympanic membrane for more 

than six weeks (Acuin & Organization, 2004b). Chronic otitis media (COM) can either be 

active (with otorrhoea) or inactive (dry with tympanic perforation). Spontaneous tympanic 

perforation is usually a result of purulent material exerting sufficient pressure on the tympanic 

membrane which typically heals when infection is cleared. A perforated TM with unresolved 

infective suppurative middle ear secondary to persistent eustachian tube dysfunction may result 

in perforation become large with difficulty in healing (Briddell et al., 2018). Other causes of 

tympanic perforation include trauma and tympanostomy tubes (Briddell et al., 2018). Despite 

the benefit tympanostomy tube have in managing middle ear diseases and hearing loss, 

persistent tympanic perforation is observed through patient characteristics (age at time of tube 

removal, greater than 10 years and number of tube inserted, more than one set), ear drum 

characteristics (size of perforation, more than 10 % and presence of tympanosclerosis) and 

more often with long-term ventilation tubes (Brown & Behar, 2020), (Schraff et al., 2006). The 

management of active CSOM is aimed at elimination of infection with the use of ear hygiene 

and ototopical ear drops. Treatment has been widely studied and guidelines differ between 

institutions depending on the availability of resources and presence of risk factors. A survey 

conducted on the management of otitis media among the Australian Aboriginal Medical 
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Service (AMS) practitioners, revealed that Aboriginal children are treated more aggressively 

by prescribing antibiotics and for a longer duration in comparison to non-Indigenous children 

because of persistent bacterial colonisation of the nasopharynx (Gunasekera et al., 2009), 

(Gibney et al., 2005). Chronic otitis media can not only cause persistent tympanic membrane 

perforation it can also affect the integrity of the ossicles resulting in hearing loss. Complications 

of CSOM are one of the most common causes of conductive hearing loss including extracranial 

(mastoid abscess, facial nerve paralysis, petrositis) and intracranial (meningitis, intracranial 

abscess, lateral sinus thrombophlebitis) complications (T. M. Önerci, 2010).  

2.2.2.2. Wax Impaction 

Amongst other aetiologies of hearing loss, impacted ear wax is a common cause of conductive 

hearing loss. Wax is produced in the external auditory canal (EAC) by secretions from the 

sebaceous (sebum) and ceruminous glands (cerumen) mixed with desquamated epithelium, 

hairs and debris (Adobamen & Ogisi, 2012). Composition of these secretions include 

glycopeptides, lipids, hyaluronic acid, sialic acid, lysosomal enzymes and immunoglobulins. 

This naturally occurring substance exerts protective effect by maintaining an acidic milieu (pH 

of 5.2 – 7) whilst also lubricating the external auditory canal (Oladeji et al., 2015). Wax in the 

external auditory canal normally finds its way out of the canal by epithelial migration and if 

the wax is soft and small in quantity, it will not produce symptoms related to wax impaction. 

However, when the wax becomes impacted and fills up the external auditory canal, it blocks 

the conduction of sound into the middle ear, causing conductive hearing loss, tinnitus, feeling 

of discomfort and in some cases otalgia (Figure 2.4) (Adobamen & Ogisi, 2012). It is believed 

that ear self-cleaning interferes with this natural process and may be a predisposition to certain 

diseases of the ear like infection and impacted wax. It is reported that most individuals consider 

cerumen as dirt and harmful to human body. The resultant effect of this erroneous belief is the 

practice of self-ear cleaning by an act of inserting of an object into one’s own ears like ear bud, 

matchstick or finger with the aim of cleaning them. This common practice highlights the 

common misconceptions that people possess regarding wax, it functions and consequences of 

imparting on the natural process of ear cleaning (Oladeji et al., 2015).  

Studies on ear diseases in children revealed a high prevalence of wax impaction in developing 

countries, with the possibility of wax impaction been genetically related and is reportedly more 

common in rural children compared to urban children (Minja & Machemba, 1996),(Kaspar et 

al., 2018b). Similar findings in the limited studies available within the Pacific regions(Fang et 

al., 2016).  However, no study had explored reasons for this common finding. 
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Figure 2.4. Impacted wax in the external ear canal. 

https://journals.sagepub.com/doi/full/10.1177/0194599816671491 

 

2.2.3. Modalaties for identifying ear diseases and hearing loss 

Three standard audiological tests to identify ear diseases and level of hearing are otoscopy, 

tympanometry and pure tone audiometry. Combination of pneumatic otoscope, tympanometry 

and audiometry modalities increases sensitivity and specificity of making a correct diagnosis 

(Grindle, 2015).   

Otoscopy commonly reveals clinical findings in the outer ear region to assist in making a 

diagnosis of ear diseases. This involves transmitting adequate light through the external 

auditory canal for assessment of ear canal and the tympanic membrane. Clean and clear 

external ear canal with intact transparent tympanic membrane are the normal findings. 

Conditions such as infection, impacted wax, discharge, stenosis, growth and exostosis can be 

commonly found in the external canal in conjunction with a perforated or retracted ear drum. 

Pneumatic otoscopy is used as a diagnostic method for determination of mobility of ear drum 

in response to pressure changes used for the diagnosis of Otitis media with effusion (Grindle, 

2015), (Moodley, 2016). 

 

https://journals.sagepub.com/doi/full/10.1177/0194599816671491
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Tympanometry is a quantitative test that provides information about whether fluid is present in 

the middle ear, how mobile the middle ear system is and the volume of the ear canal for the 

evaluation otitis media with effusion. A tympanometer machine generates a sound at low 

frequency (226 Hz) into the ear canal, it then strikes the ear drum and causes a vibration of the 

middle ear. A reflected sound is picked up by the tympanometer and expresses it as admittance 

or compliance resulting in Type A, B or C graph (DeRuiter & Ramachandran, 2010), (Jerger, 

1970). Type A indicates normal admittance with normal middle ear pressure which can be sub-

categorised into Type Ad with normal middle ear pressure and high compliance while Type As 

has low compliance. Type B indicates low middle ear pressure with a  little or  admittance and 

Type C indicated a negative middle ear pressure (Gelfand, 2016), (Grindle, 2015). 

 Pure tone audiometry (PTA) involves the measurement of hearing thresholds;  the smallest 

intensity of sound measured in decibels that can be heard in each ear across different 

frequencies through headphones (Gelfand, 2016). An audiometer is an electronic machine 

fitted with an aural calibrated head phone to minimise the effect of environmental noise to 

measure air- conduction and bone-conduction (DeRuiter & Ramachandran, 2010). Air-

conduction audiometry provides an overall measurement of hearing across the auditory 

pathway. Bone-conduction audiometry is tested by applying a bone conductor to the mastoid, 

by-passing the middle ear and transmitting sound to the cochlear. The subsequent results 

distinguish the type of hearing loss; conductive, sensorineural or mixed and can indicate the 

site of the lesion if present (Gelfand, 2016).  

2.2.4. Risk factors of Otitis media 

The prevalence of OM is highly dependent on the presence of risk factors. This can be 

categorised as patient-related (intrinsic factors) such as; age, genetic, prenatal and perinatal 

factors, gender, race and altered host defence and underlying diseases or environmental-related 

(extrinsic factors); season, day care and exposure to other children, passive smoking, 

socioeconomic status, maternal education level, not breast-fed and pacifier use (K. Shah et al., 

2013), (Graydon et al., 2019), (Sanders et al., 2015), (Humaid et al., 2014). 

Intrinsic risk factors 

Age is a well-known risk factor and a significant predictor of OM hence it is commonly 

diagnosed among early childhood population with repeated episodes (Jerome O. Klein, 2000), 

(Fang et al., 2016), (Ahmed et al., 2017), (Bastos et al., 1990). (Teele et al., 1989). The child’s 

immature immune system and anatomy predispose them to higher prevalence of infection. The 
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shorter flexible and more horizontal anatomy of the Eustachian tube in younger children 

predispose them to infection due to the easy migration of pathogens into the middle ear from 

the nasopharynx. Collapse of the ET wall can then cause obstruction and subsequently hinder 

the drainage of fluid (K. Shah et al., 2013). OM is considered to be bimodal, initially before 

two years of age when maternal immunoglobulin G wanes and at five to seven years of age 

which coincides with higher incidence among school entrant age, after which incidence 

declines (K. Shah et al., 2013), (Teele et al., 1989). A study performed on the prevalence of 

otitis media in differing populations showed that otitis media affects 47% of infants, 23% of 

elementary school age children (5-16 years old) and 9% of high school aged children. This 

study highlights that Otitis media still persists in a large proportion of school age children 

(Humaid et al., 2014).  

However age is also found to be compounded  by environment-related factors such as; cigarette 

smoke exposure (Adair-Bischoff & Sauve, 1998), and socio-economic circumstances (Adoga 

et al., 2010). Ethnic group including Indigenous  Australian Aboriginals and Pacific Islanders 

living in New Zealand, where AOM infection can start as early as three months of age with a 

higher incidence of OM (Morris et al., 2007), (Williams et al., 2009), (Mahadevan et al., 2012), 

(Paterson et al., 2006). Genetic deficiency is a known risk factor for OM and can include; Down 

syndrome, Alport and Turner’s syndrome (Ghadersohi et al., 2017), (Genova et al., 1986), (Lim 

et al., 2019). Immunocompromised state like IgA-cell deficiency, B-cell and T-cell deficiency 

also act as risk factors for otitis media (Berdal et al., 1976). Children that have repeated episode 

of upper respiratory tract infection that commonly cause by Streptococcus pneumoniae and 

Non Typical Haemophilus influenzae were also found to be at risk of having OM (K. J. Lee, 

2012),(Mahadevan et al., 2012),(Paterson et al., 2007).  

Extrinsic risk factors 

Children who interact with a larger number of children such as those who attend day care 

centres, church or who are in a family of four or more can also put  the child at risk of having 

otitis media by not only have a higher rate of potential  exposure to pathogens but this can also 

be a limitation in infants or children being breastfed, which is a known protective factor against 

otitis media (K. Shah et al., 2013), (Lok et al., 2012), (Paterson et al., 2007). Lower 

socioeconomic status can also be associated with a greater risk of OM due to a lower standard 

of living such as poor nutrition, overcrowding, poor sanitation and restricted access to proper 

health care (Habitat and Humanity, 2009), (Lasisi et al., 2007),(Paterson et al., 2007). 
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Furthermore, not seeking medical advice when suffering AOM at younger age was a reason 

for a higher incidence of admissions for AOM among Pacific Island (PI) children living in New 

Zealand and Maori children in comparison to European children (McCallum et al., 2015). 

2.2.5. Consequences of Otitis Media and untreated Hearing Loss 

Unaddressed OM 

Although otitis media is usually an acute and self-limiting presentation, if the disease is not 

managed well it may lead to complications that may persist into adulthood. Complicated OM 

can be  life threatening and can in rare cases cause death (K. Shah et al., 2013). Complications 

from untreated otitis media is found in a higher proportion in low-and middle-income countries 

(LMICS) where services, resources and published data are limited and may not available 

(Sanders et al., 2015), (Monasta et al., 2012).  Complications of otitis media is divided into 

extracranial and intracranial. Unaddressed complications impose speech, educational, social 

and economic consequences on the patient, their family, the health system and nation as a 

whole (J. O. Klein, 2000), (Acuin & Organization, 2004a).  

Extracranial complications are generally less severe and include tympanosclerosis, tympanic 

membrane perforation, atelectasis, persistent middle ear effusion, speech delay, mastoiditis and 

hearing loss. Major complications or  occur when infection is spread to the mastoid air cells 

and cause mastoid abscess or chronic otorrhea which can then lead to the development of 

cholesteatoma (K. Shah et al., 2013). 

Incidence of intracranial complications have significantly reduced with the now widespread 

use of antibiotics and imaging however, this is not the case in the developing countries (Gendeh 

et al., 2019). The incidence of intracranial complications is still relatively high because of 

delayed presentations, poor access to health care, poor compliance with medication and lack 

of pneumococcal vaccination during childhood (Dubey et al., 2010), (Gendeh et al., 2019). 

Monasta et al estimated deaths due to the complications of OM to be highest in Oceania region 

(101.1 per 10 million) followed by Sub-Saharan Africa Central (96.2 per 10 million) and lowest 

in Asia Pacific high income countries (1.72 per 10 million) (Monasta et al., 2012). The 

estimated prevalence for Tonga for 2005 was at 184 per 10 million, lower than Tokelau (207.6) 

but higher than Fiji (149.1) and Cook islands (161.5) (Sanders et al., 2015). [Asia Pacific high 

income refers to these countries: Brunei, Darussalam, Japan, Republic of Korea and 

Singapore,(World Health Organization, 2012b)]. 
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2.2.5.1. Speech Delay 

A child’s language development depends largely on exposure to language stimulus. The first 

two years of life are a very significant period for developing communicative skills. 

Unaddressed hearing loss prelingually has significant effects on the child’s language and 

speech acquisition as shown in Table 2.2 (Moreland et al., 2015). In developed countries, the 

incidence of congenital bilateral hearing impairment defined as >40dB is 2-4 infants per 1000 

livebirths and is substantially higher in developing countries (6 per 1000 livebirths) because of 

poorer health and socioeconomic conditions (Olusanya et al., 2006), (R. J. Smith et al., 2005). 

Even though otitis media typically causes mild to moderate hearing loss, it has the potential to 

affect the child’s hearing in the early years of life, this may impose substantial effects on the 

development of speech and language, communication, cognition, reading, and social and 

emotional development as shown in Table 2.2 (Bennett et al., 2016), (Zinkus et al., 1978). 

Undoubtedly this can lead to poor education achievement and subsequently affect employment 

opportunities in later life (Sharma et al., 2019).  

Grade of 

hearing loss 

Receptive language Expressive language Activity/participation 

restriction 

Mild (26-40 

dB HL) 

Misses 25-40% of 

speech in difficult 

listening situations 

Mild language delay 

and speech problems 

Inattention, learning 

difficulties, behaviour 

problems 

Moderate 

(41-60dB 

HL) 

Misses 50-75% of 

speech 

Moderate language 

delay and speech 

intelligibility 

Learning dysfunction and 

significant social problems 

Severe (61-

80dB HL) 

Misses 75-100% of 

speech 

Severe speech 

problems and language 

delay 

Severe learning 

dysfunction. 

Stigmatisation and possible 

social isolation 
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Profound 

(>81 dB 

HL) 

Misses all loud 

speech sounds 

except vibrations 

Visual cues essential 

for communication 

Complete social isolation 

Table 2.2. Consequences of unaddressed hearing loss.  

Adapted from (Olusanya & Newton, 2007) 

2.2.5.1. Educational and Social Impacts 

Improved social communication interaction, rely on good hearing (World Health Organization, 

2016). It is a key factor in achieving an education which will give higher chance of being 

employed and be productive in life and can prevent negative emotional feeling such as 

isolation, exclusion, stress and frustration (Mohr et al., 2000), (World Health Organization, 

2018b). Adult onset hearing loss is ranked as the third greatest single contributor to years lived 

with disability (YLD) based on 2004 WHO estimates (C. Mathers et al., 2008).  While a recent 

study has revealed the possibility of suffering from dementia later in life with unaddressed 

hearing loss (Osler et al., 2019). 

2.2.5.2. Financial Impact 

Hearing loss has a great financial impact on the economy. According to WHO, the annual 

global cost of unaddressed hearing loss is estimated at US$750 billion which includes health 

sector costs (excluding the cost of hearing devices), costs of educational support, loss of 

productivity and societal costs. The majority of those with disabling hearing loss; those with 

more than 40 dB in the better hearing ear in adults and 30 dB in children live in low- and middle 

income countries (World Health Organisation, 2018b). In Australia, the cost of hearing loss 

was estimated at AUD$11.75 billion in 2006. This cost is expected to increase because of an 

increase in the rate of hearing loss within the Australian population from one in six to one in 

every four persons by 2050. This increase is  due to the growing demographic group of  elderly 

people where hearing loss has a greater  prevalence (Access Economic, 2006), (Sanders et al., 

2015). The increase burden in low- and middle- income countries (LMICs) are attributable to 

higher number of ear diseases, limited health services and trained health care workers with 

knowledge on how to manage ear diseases and hearing loss. There is no published data 

available on estimates of financial cost in the Pacific regions and essential services are limited 

also (Sanders et al., 2015), (Stevens et al., 2011). Early interventions to prevent, identify and 
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address hearing loss are cost-effective and will bring benefits in the form of financial, social 

and education aspects (World Health Organization, 2018b), (Mohr et al., 2000). 

2.2.6. Prevention 

It is suggested that half of all cases of hearing loss can be prevented through timely public 

health measures (World Health Organization, 2020). According to World Health Organization, 

60% of hearing loss in children under 15 years of age is attributable to preventable causes, 

while 31% are due to infectious causes such as mumps, measles, rubella, meningitis, 

cytomegalovirus infections and chronic otitis media. Another 17% can be attributed to 

complications at the time of birth such as birth asphyxia, low birth weight, prematurity, and 

jaundice. A 4% of children with hearing loss are due to exposure to ototoxic medicine in 

expecting mothers and babies (World Health Organization, 2016). The three level of prevention 

of hearing loss are; primary, secondary and tertiary (A W Smith, 2001).  

Primary prevention 

Primary prevention is implementing actions that prevent a person from acquiring ear disease 

and hearing loss. According to the World Health Organisation, 60% of hearing loss in children 

under 15 years of age is due to preventable causes (World Health Organization, 2018a). These 

causes can be prevented through implementing public health measures and strategies at a 

primary level such as immunizing children against childhood diseases like mumps, rubella, 

meningitis, CMV, ensuring safe childbirth environments, reducing exposure to loud noise, 

screening children for OM and hearing loss followed with early intervention (A W Smith, 

2001) (World Health Organization, 2018a). 

OM can be prevented through awareness and avoiding risk factors that can cause ear disease. 

Promoting personal hygiene, improving housing, reducing overcrowding and access to clean 

water is necessary  (World Health Organization, 2006). Other factors include encouraging 

breast feeding, cessation of smoking during and after pregnancy and avoiding indoor smoke 

pollution (Sanders et al., 2015). Health education to avoid treating ear disease with home 

remedies and the importance of vaccination cannot be underestimated. Introduction of 

pneumococcal vaccines have been shown to reduce the incidence of otitis media and admission 

for pneumococcal invasive disease such as among 6 year old Maori children in New Zealand 

by 51% and 67% respectively between 2006-2015 where socioeconomic deprivation and 

ethnicity could be a factor (Petousis-Harris et al., 2019). In comparison in Aboriginal 
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population vaccines resulted in no significant change in prevalence of AOM and tympanic 

perforation except to recurrence of tympanic perforation (Mackenzie et al., 2009).   

Secondary prevention 

This is the prevention of disease producing illness or disability if hearing is impaired. 

Secondary prevention involves early identification or detection of hearing loss and ear disease 

through screening followed by prompt and appropriate management. Development of training 

resources for primary ear and hearing care for health workers to prevent, detect and manage 

ear and hearing disorders.  It includes the screening of children to identify those with ear disease 

and impaired hearing, followed by appropriate medical or surgical intervention with regular 

follow up (World Health Organization, 2018a), (A W Smith, 2001). 

Tertiary prevention 

Tertiary prevention is defined as preventing the effects of hearing loss and ear disease before 

becoming a handicap by assisting the individual to be able to communicate within the 

community. This involves the provision of appropriate services like scheduling surgery to 

avoid permanent hearing loss or facial paresis, the provision of available assistive hearing 

devices with rehabilitative services and enrolment in special education schools if required 

(Andrew W. Smith, 2001). 

2.2.7. Early intervention 

Infants and children with hearing loss who are identified through screening programs and early 

intervention will improve their linguistic and education outcomes. Pre-school, school and 

occupational screening is an effective tool for early identification and intervention (World 

Health Organization, 2018b). Intervention can either be medical (treating the infection), 

surgical (myringotomy with ventilation tube insertion or mastoidectomy) or the application of 

an assistive device (Hearing Aids, Cochlear Implants) (S. Chadha, 2019), (World Health 

Organization, 2016).  

Many studies have demonstrated the benefit of early identification and intervention of hearing 

loss including improved speech and language outcomes, academic achievement and behaviour 

(A. Fulcher et al., 2012), (Stika et al., 2015), (Yoshinaga-Itano et al., 2018). Involving children 

early with intervention program is timely, appropriate and require commitments from family 

members in order to achieve optimal outcome. Barriers to this service provision can include 

family living in remote or rural areas, clinicians’ lack of experience and confidence in 
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providing intervention or belonging to a family with culturally and linguistically diverse 

background (A. N. Fulcher et al., 2015). 

2.3. Prevalence of Ear and Hearing Pathology.  

2.3.1. Global burden of ear diseases and hearing loss 

Otitis media 

The incidence of otitis media and associated complications improved with the introduction of 

antibiotics, however it remains a challenge among children in low and middle income countries 

(Monasta et al., 2012). An estimate of 709 million new cases of OM are diagnosed each year 

with 51% children under five  years of age (Monasta et al., 2012). In the same age group, 

incidence rate are lowest in high income countries; 3.64% in Europe central, 3.93 Asia East 

but highest in low and middle income countries; 43.36% and 43.37% in Sub-Saharan Africa 

west and central respectively and 18.56% in Oceania region (Monasta et al., 2012). Within the 

Asia Pacific region, prevalence varies among countries from 3.25% in Thailand. 12.23% in 

Philippines, 13.8% in Malaysia but highest is Indigenous Aboriginal children of 42% and 

among Pacific island children living in New Zealand, 25.4% (Mahadevan et al., 2012).  

The global estimated rate of CSOM is 4.76 per thousand with 22.6% occurring annually in 

children under 5 years and lowest in the Latin America Andean (1.70%) with the highest in the 

Oceania region (9.37%), Sub-Saharan central Africa (7.56%) and Sub-Saharan west Africa 

(7.22) (Monasta et al., 2012). CSOM occurs in infants less than one year old at a rate of 15.40% 

per thousand and Oceania region (35.96%) with  21,000 deaths attributed due to complications 

of OM (Monasta et al., 2012). 

Wax (Cerumen) impaction 

While wax impaction has not been as widely studied as OM, cerumen impaction is one of the 

most common otolaryngological disease. Approximately 2% to 6% of the general population 

in the United Kingdom suffers from cerumen impaction at any given time (Oladeji et al., 2015). 

An assessment of otolaryngological diseases among children in rural primary schools in South 

Eastern Nigeria stated that the most common ENT findings was wax impaction (43%) and this 

was observed in 43.4% of males and 42.4% of females with 3.7% subjective hearing 

impairment (Ukaegbe et al., 2016a). 
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A review of existing research literature in 2016 on paediatric hearing impairment in the Pacific 

Islands reveals that impacted wax is the leading cause of conductive hearing loss in children in 

developing countries (Kaspar et al., 2016). According to a study completed in the Solomon 

islands on the prevalence of ear disease and associated hearing loss stated that bilateral 

impacted cerumen, was more common in younger children (24.5%, 4 to 9 years) than the older 

students (12.5%, 10 to 15 years) (Kaspar et al., 2018b). In the limited literature that is available 

a few papers described the prevalence of rates of cerumen impaction. An early paper from 

Guam found a prevalence of 19.7% among 157 school-age village children, 38.9% of ears 

(129/332 ears) in urban primary school children in Samoa (Eldridge et al., 1970), (McPherson 

et al., 1994). A more recent paper from the Solomon Islands on the prevalence of ear disease 

and its associated hearing loss among 342 primary school students found impacted cerumen as 

the second most common ear pathology representing 22.8% of the total study population, or 

40.4% of students with ear pathology in at least one ear (Kaspar et al., 2018c). An unpublished 

survey (available on request from the author) conducted in 7 primary school children in Tonga 

in 2012 found a similar prevalence (24%) of 494 students which were tested to have impacted 

wax.  

Hearing Loss 

It is estimated that 466 million (5%) of the world’s population of which 34 million (9%) are 

children living with disabling hearing loss (World Health Organization, 2020). Disabling 

hearing loss (DHL) is defined by WHO as hearing loss greater than 40dB in the better hearing 

ear in adults (15 years and older) and greater than 30dB in children less than 15 years (World 

Health Organization, 2012a). This figure is expected to double (900 million) by 2050 (World 

Health Organization, 2020). Review of the literature revealed that the prevalence is  greater at 

a younger age (less than 15 years of age) and is more commonly found in low and middle 

income countries (Stevens et al., 2011), (World Health Organization, 2012a), (Monasta et al., 

2012). Disabling hearing loss in children age 5 to 14 years was highest South Asia, Asia Pacific 

and Sub-Saharan Africa at 12.3 million (2.4%), 3.4 million (2%) and 6.8 million (1.9%) 

respectively compared to only 0.8 million (0.5%) in high-income countries (World Health 

Organization, 2012a). The increase in number of DHL in low and middle income countries was 

found to be related to the lower socioeconomic status and parent’s education level (World 

Health Organization, 2012a). Steven et al defined hearing impairment as average hearing level 

of 35dB or more in the better hearing ear in males (12.2%) and female (9.8%) for 15 years and 

older and suggested that male gender was positively related to hearing loss (Stevens et al., 
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2011). The global estimation of OM related hearing impairment (more than 25 dB in the best 

ear) was 30.82 per ten thousand with Western Europe, Australasia, North America high income 

and Asia Pacific high income all have less than 2 per ten thousand but the highest being in Asia 

South (97.04) followed by Oceania (51.23) (Monasta et al., 2012). The prevalence of hearing 

impairment due to OM was shown to increase with age, with 9.34 per ten thousand children 

were shown to suffer hearing loss in their first year of life and highest (45.05) in 65 to 74 years 

old (Monasta et al., 2012).  

2.3.2. Burden of ear disease and hearing loss in the Pacific Region. 

The twenty two Pacific island countries (PICs) according to World Health Organization belong 

to Oceania subregion of Asia-Pacific region which include; Cook Islands, Federated States of 

Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, Niue, Palau, Samoa, Solomon Islands, 

Tokelau, Tonga, Tuvalu, and Vanuatu, Wallis & Futuna, Tahiti, Noumea, Northern Marianas, 

Papua New Guinea, Guam, American Samoa and Pitcairn. 

The 2000 Global Burden of Disease estimated that children in the Pacific islands have among 

the greatest burden of hearing loss due to infection despite little research literature available in 

this region (A. Smith et al., 2006). The burden is derived from otitis media, chronic suppurative 

otitis media and their sequelae in the first five years of life (Mahadevan et al., 2012), (Monasta 

et al., 2012), (Sanders et al., 2015). The limited published available data from the Pacific island 

countries showed variance in results between the estimated figures and population base data. 

The discrepancy called for a further accurate prevalence survey (Mahadevan et al., 2012), 

(Sanders et al., 2015). Modelled data estimates a high prevalence of AOM (28.56%), CSOM 

(0.937%) and associated hearing loss 51.23/10,000 (>25 dB better ear) for Oceania countries. 

While for Australia and New Zealand populations; AOM (7.25%), CSOM (0.341%) and 

hearing loss >25 dB (1.36/10,000) (Monasta et al., 2012).  

Otitis media 

Otitis media (OM) is a leading cause of health care visits and antibiotic prescription (J. O. 

Klein, 2000). The subsequent complications and sequelae are important causes of preventable 

hearing loss, particularly in developing countries (J. O. Klein, 2000). A modelled incidence of 

AOM and CSOM for five Pacific Island countries (Cook Island, Fiji, Samoa, Tokelau and 

Tonga) on children five years and older for the year 2005 were estimated between 30 to 40%, 

10 to 15% respectively. These estimated figures are three to four times greater than New 

Zealand which accounts for 11% of  AOM and 4% of  CSOM (Sanders et al., 2015). These 
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modelled estimates are however subject to potential error. An unpublished study (HEARS) by 

a Rotarian group conducted in Tonga in 2012 on 494 students from seven primary schools six 

to 8 years of age in Tongatapu showed 21% have middle ear diseases of which COM (13%), 

OME (4%) and AOM (1%). One hundred and eighteen students (24%) had wax obstructing 

ear canal of which 38% were not able to remove the wax impaction at the time of screening 

(data available from author on request). A study comparing Health Related Quality of Life 

(HRQoL) between Tongan children who live in Tonga and Tongan descendants residing in 

New Zealand revealed a lower HRQoL among those living in Tonga where same pattern could 

apply to children in low and middle income countries and Pacific Island countries (Petersen et 

al., 2014). Another study conducted on 467 children less than 19 years of age in Fiji showed 

AOM (2.78%), OME (7.92%) and COM (4.1%) with wax impaction (8%). Age was a 

significant predictor of AOM while male gender, smoke exposure and concomitant chronic 

sinusitis are significant predictors of OME. However, Kaspar et al claimed that age was a 

significant factor for OME but not for OME with associated hearing loss (Kaspar et al., 2018b). 

A study conducted in Western Samoa in 1994 on two elementary schools revealed a decrease 

in incidence of middle ear disease with increase of age with 17% in year 1, 13% year 2 and 9% 

for combined year 5 and 6 and (2%) had CSOM (McPherson et al., 1994). A study in 604 

primary school students (4 – 15 years) in the capital of Solomon, Honiara showed that OME 

was the most common ear pathology (34.2%), wax impaction (22.8%) and CSOM (3.1 %). 

(Kaspar et al., 2018b). Studies conducted in Papua New Guinea at ENT outpatient clinic in 

Port Moresby General Hospital in 459 children less than 15 years showed a significant 

difference in OM prevalence rates between urban and rural children (Kaspar et al., 2016).  

A two year Pacific island study on newborns with Pacific ethnicity born at Middle More 

hospital in New Zealand on 15 of March to 17 December 2000 showed that 25.4% had OME 

and 1.96%  had AOM(Paterson et al., 2006). Ethnic differences were still significant.  Data 

from a Mobile Community Ear clinic in New Zealand stated that one in three (28.%) children 

were diagnosed as having OME at their first ear clinic visit and males of Pacific Island ethnicity 

aged 0-4 years had the highest rates (48.3%) (“Rates of Ear Disease in Children Visiting a 

Mobile Community Ear Clinic in New Zealand—Two-Year Study of Over 2,000 Children,” 

2011). The national New Zealand screening programme demonstrated that the overall failure 

rate on tympanometry tests for new school entrants was 7.7% in total and 5.6% for three years 

old. A fail in tympanometry is defined as one or more of the following, negative middle ear 

pressure or retracted ear drum, perforated ear drum, grommet in situ, hypermobile ear drum or 
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stiffened middle ear system). The failure rate was greatest for Pacific island and Maori children 

with 13.9% and 13.8% respectively, while European children was 5.3% for school entrants. 

Similar trends were found in three year-olds with 10.7% for Pacific island and 11.1% for Maori 

with only 4.3% in European (Purdy et al., 2018),(Dickinson et al., 2018). 

Hearing loss in the Pacific Region 

There is very limited published data on the prevalence of ear disease and hearing loss in the 

Pacific Island countries (Monasta et al., 2012), (Sanders et al., 2015). Of the few studies 

performed, various methods, criteria and modelling was used to estimate an assessment of 

hearing loss. A modelled estimation of the prevalence of hearing loss studied in five Pacific 

Island nations of Tonga, Tokelau, Fiji, Samoa and Cook Island  showed that over 27% of the 

Pacific Island population over 5 years of age had hearing loss greater than 20 dB and that over 

10% with experienced a significant hearing disability (>35 dB according to WHO) (Sanders et 

al., 2015).  There was a  much lower level estimated for the Asia-Pacific region in school-aged 

children (5 to 19 years of age) of 1.8%, and 0.4% within Australasia (Stevens et al., 2011). 

Census data from the Pacific islands reported a low incidence of hearing loss for the overall 

population with 0.74% for Cook islands  0.6% in Tonga, 0.28% in Samoa and 0.3% in Niue 

(Cook Island Statistics Office, 2010), (Tonga Department of Statistics, 2017), (Samoa Bureau 

of Statistics, 2008), (Potter, 2017). These reports present a very low prevalence of hearing loss 

for the overall population given that the estimated prevalence in New Zealand is 10.3% and 

17% for Australia (Greville, 2001), (Access Economic, 2006).  Census data for hearing loss 

from these Pacific island countries were based on self-reported system where most likely only 

those with severe losses are accounted for and those with mild hearing loss are undetected and 

therefore not reported. A study in  1991was conducted in two centres with range of handicaps 

[Loto Taumafai (school for the disabled) and Fia Malamamalama (school for intellectually 

handicapped)] in Samoa on 38 students (4 – 25 years) found 45% of students with profound 

hearing loss in Loto Taumafai and 5.9% in Fia malamalama (McPherson et al., 1994). While 

in a study in 604 primary school students (4 – 15 years) in the capital of Solomon, Honiara 

showed more than half (57%) did not pass hearing test using a tuning fork (Kaspar et al., 

2018c). In Papua New Guinea at an ENT outpatient clinic in Port Moresby General Hospital, 

hearing loss in 459 children less than 15 years was found to decrease in incidence with age; in 

0-5 years (42%) to 19% in 11-15 years (Solomon et al., 2016). While chronic otitis media was 

found to be the leading cause of hearing loss in children (Kaspar et al., 2016).  
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2.3.3. Potential Factors contributing to high Prevalence of ear disease and hearing 

loss in the Pacific Population. 

The factors contributing to this important health problem can be identified through valid 

studies. There are limited risk factor studies in the Pacific regions despite a high prevalence of 

ear disease related hearing problem. Intrinsic factors such as age and male gender were 

identified as a significant predictor for Acute OM, OME and related hearing in studies among 

primary school population in Samoa and Solomons, (McPherson et al., 1994), (Kaspar et al., 

2018b). A study in the Solomons showed that knowledge and attitude of fathers to hearing loss 

was either the same or better than the mother (Kaspar et al., 2017). Findings were not dissimilar 

for Pacific island children living in New Zealand (Paterson et al., 2007).  

Environmental factors were commonly found to be factors which contributed to the prevalence 

of ear disease and hearing loss in the Pacific population. The unavailability of Rubella vaccine 

in Fiji and Solomons were noted as possible factors causing sensorineural hearing loss in 

children (McPherson et al., 1994). Other potential factors revealed from study of risk factors 

for SNHL among infant in Solomons were ototoxic medications (8.3%), elective caesarean 

section (6.59%) and possible in-utero syphilis (5.55%) (Kaspar et al., 2018a). Living or 

exposure to crowds by large families size, attendance at day care and attendance at church 

functions for longer hours were also identified in Pacific Island population ((Paterson et al., 

2007). A study conducted among Australian Aboriginals revealed persistent colonisation of the 

nasopharynx with respiratory bacteria (Morris et al., 2007). Whether this can be applied to 

Pacific island children requires further interrogation. Even though Streptococcus pneumonia, 

Haemophilus Influenza and Moraxella Catarrhalis are the most common pathogens associated 

with OM, a microbiology study in the Solomons discovered that Proteus and Pseudomonas 

were identified from ear pus which are only sensitive to Gentamicin (Eason et al., 1986). 

Gentamicin is one of the ototoxic drugs which could also contribute to increase incidence of 

hearing loss. Lack and in access to ear and hearing care resources have been identified across 

the Pacific Region  (Sanders et al., 2015), (F. Langridge, 2017).  

2.3.4. Limited Prevalence Data Available 

The limited prevalence data for ear disease and hearing loss that are available for the Pacific 

island countries are based either on modelled estimation or exist from small sample population 

studies. According to the data available, the prevalence of ear diseases and hearing loss are 

highest in low and middle income countries and Pacific island countries are no exception 

(Stevens et al., 2011). (Sanders et al., 2015). Of the population-based studies available various 



 

39 
 

definitions are used to define the level of hearing loss which makes in comparison difficult 

between regions. There is a need for a standard population survey protocol such  the World 

Health Organization Ear and Hearing disorder protocol survey (A. W. Smith & Mckenzie, 

1999). The small number of population based studies on ear diseases and hearing loss 

conducted in a few of the Pacific island countries (Niue, Fiji, Samoa, Solomon, Papua New 

Guinea) focussed on children at a primary school level, with variation in methods and 

definitions for hearing loss (Potter, 2017), (Fang et al., 2016), (Kaspar et al., 2018b). To better 

understand and burden of ear disease and hearing loss across the Pacific island countries, 

standardised survey protocol to be followed by Pacific island countries for comparable data is 

required. However, there is still a need for more epidemiologic population data globally (World 

Health Organization, 2013)  

Since the prevalence of ear and disease and hearing loss are greatest in low- and- middle income 

countries, the extent of epidemiologic data that will be collected may not be manageable in 

limited resources countries. With the limited health funding available in the Pacific, the 

available health dollar is directed to other more life-threatening health problems like cancer 

and non-communicable diseases which affects majority of the population in the Pacific.  This 

leaves little attention to ear disease and hearing loss because it is culturally considered 

unimportant until it is so very severe that it affects daily living. In the Pacific island region it 

is referred to as the silent or overlooked epidemic because the resulting hearing damage is 

usually progressive with little immediate consequences, this may contribute to the reason why 

ear and hearing care has not been well developed (PRCSWIP & Rob, 2018). Support for this 

specialised area usually come from overseas donors in New Zealand and Australia to provide 

equipment, resource and trained personnel to carry out these tasks.  

Even though there are some developments in Health Information System from a decade ago in 

some Pacific Island countries, there is still inadequate resources to capture the present data. An 

investment in a data a collection system with improvements in the five essential components 

to a successful epidemiological research project include funding, staff, equipment, appropriate 

test sites and proper data analysis is required (Mencher, 2000). Most of the institutions in the 

Pacific are still recording data or information on paper records with very few having access to 

a computerise system such as Human Information System (HIS) in Vaiola Hospital in Tonga 

and PATIS in Samoa. In Tonga, both written and computer systems are used except in very 

remote areas where internet connection is an issue. Recently, a tablet-based MediTrak 
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application was implemented to support rapid and digital reporting of health information in 

Reproductive Health in Vaiola Hospital (tupaia, n.d.). 

2.3.5. A need for Data 

The recent established Pacific ENT advisory group (PENTAG) developed a mission to 

“Strengthen ENT and Audiology services in the Pacific” with a vision “for all people to be able 

to hear without being limited by disorders of the ear” (PRCSWIP & Rob, 2018). A strategic 

working plan is currently in place which was approved by Head of Health in the Pacific island 

countries in their annual meeting in 2019. Of the 76 WHO member states, 40% reported to 

have population based epidemiological data available of which 70% are from the South East 

Asian Region (SEAR) (World Health Organization, 2013). However, it was observed that there 

was no apparent relationship between income level and availability of the data, it remained 

sparse across all income levels. The data were not consistent  or representative across members 

of all section of the country (World Health Organization, 2013). There were more countries 

from high income level reported to have national plan and program with developed ear and 

hearing care polices at national and sub-national level (World Health Organization, 2013). In 

order to develop ear and hearing care policies, the burden of the disease should be known and 

only through valid data.  

2.4. Service Provision in the Pacific. 

2.4.1. The Right to Health 

Having a disability is thought to be a curse by many Pacific Islanders. It is thought to be the 

reflection of what has been done wrong either by that person or a family/ancestor. There are 

some who view hearing loss as hereditary which is correct for genetical inherited hearing loss 

(K. Shah et al., 2013). The United Nations (UN) Convention Rights for Person with Disability 

(CRPD) has been endorsed in many Pacific Island countries including Tonga (United Nations, 

2006). This confirms the Tongan government’s commitment to support this vulnerable 

population of 7.6% of the population (Tonga Statistic Department, 2018). Disability policy has 

been incorporated in Tonga Strategic Development Framework 2015-2025 (TSDF) and Tonga 

National Health Strategic Plan 2016-2020 (TNHSP). However, there is no specific policy for 

ear and hearing care (Tonga Statistic Department, 2018), (Ministry of Health Kingdom of 

Tonga, 2015). The existed Inclusive Education Policy have enabled an inclusive school in 

Tonga to ensure children with disabilities receive appropriate education. The Samoa disability 

program funded by Australia Department of Foreign Affairs and Trade (DFAT) developed 
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hearing services at Tupua Tamasese Meaole (TTM) hospital. People with disability also have 

right of access to all services. 

2.4.2. Human personnel.  

The availability of ENT specialists and audiologists varies dependent on each countries income 

level with more ear and hearing care specialists per capita in high-income countries compared 

to the Pacific (Sanders et al., 2015), (World Health Organization, 2013). WHO defines ENT 

specialist as “medical doctors who have received training in management of disease of the Ear, 

Nose and Throat through a recognised degree or a diploma course (World Health Organization, 

2013). A review on national capacity of ENT specialists and audiologists for 76 respondents 

out of 154 WHO member states revealed 18% and 87.5% countries in high income countries 

have more than one ENT specialist and audiologist per million persons respectively. In 

comparison to only 9% and 5.2% in low and middle income countries (World Health 

Organization, 2013). In high income countries, there is more ENT and audiology training 

available (World Health Organization, 2013). Despite the high prevalence of ear disease and 

hearing problems in the Pacific island region, there is a constraint in the work force with two 

ENT specialist for 900,000 population in Fiji and one for 100,000 population in Tonga and the 

rest are overseen by general surgeons (Thorne et al., 2019). In few Pacific Island countries like 

Vanuatu, Solomons and Kiribati ENT clinic is managed by ENT nurses. With no qualified 

audiologist for the whole region, few countries like Fiji and Samoa have long-term-term 

partnership with dedicated overseas organisation for the provision of audiologists mainly from 

New Zealand and Australia. In direct contrast, New Zealand on the other hand has 17 ENT 

specialists and 45 audiologists per million person (Sanders et al., 2015). Formal ENT training 

in the Pacific region is only available at the University of Papua New Guinea and as part of the 

Master of Medicine training at the Fiji National University in Fiji. Audiology and ENT nurse 

training are not available. Analysis of education provision availability in the Pacific region 

revealed  training for primary health care providers using the WHO Primary Ear and Hearing 

Care Training Resources which has conducted in Fiji and Kiribati and a plan to be extended to 

other Pacific Island countries (World Health Organization, 2006, Thorne et al., 2019). 

2.4.3. Overview of ENT and audiology services. 

Ear Nose and Throat. 

Since some Pacific island countries do not have ENT specialist and audiologists, the level of 

health care services available differ. In Pacific Island countries where ENT specialist are 
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available, secondary level care; medical and surgical are offered. However, this is commonly 

available from via referral or main hospital. Primary care is available in the surrounding outer 

islands, divisional hospitals and health care centres. This is the initial point of consultation 

where patient undergone examination and initial diagnosis made. Advice and medication were 

prescribed for acute treatment and decision made for referral guided by the hospital treatment 

guidelines. A Pacific Ear Nose and Throat Advisory Group (PENTAG) recently established in 

2015 under Pacific Regional Clinical Services Workforce Improvement Program (PRCSWIP) 

focussing on issues of strengthening the planning, management, monitoring, and evaluation of 

specialised clinical services (SCS) in the Pacific island countries (SSCSiP, 2016). The strategic 

plan concentrated on workforce capacity building, service needs evaluation, coordination of 

services and community engagement. Complicated cases such as oral cancer that require 

reconstructive surgery are either referred for overseas treatment or scheduled for the ENT 

medical visiting team funded through Royal Australia College of Surgeons (RACS) Pacific 

Island Program (PIP). This medical team deliver surgeries, audiological assessment and 

training services (Thorne et al., 2019). The ENT clinic that is managed by staff nurses in the 

Pacific Island countries are currently supported by specialised ENT nurses. The ENT nurses in 

Vanuatu and Solomons deliver primary care and collect complicated cases for the visiting 

RACS PIP visiting team (Thorne et al., 2019). This a one week yearly consultative and surgical 

service with further visit if requested by a country (Watters et al., 2012). 

Audiology services  

Hearing assessment services across the Pacific island region are considered to be sparse 

(Thorne et al., 2019). However, there are basic audiology assessment equipment including 

audiometer with sound- proof booth and tympanometer available in Tonga. Basic testing is 

conducted by in-country trained ENT nurses and doctors that were trained by visiting 

audiologists. In other Pacific island countries such as Samoa and Fiji the Ministry of Education 

is the main initiator of hearing services instead of by the Ministry of Health for instance, the 

SENESE (an inclusive support education service) in Samoa and Hilton Special School in Fiji. 

Both Samoa and Fiji built a long-term partnership with committed overseas audiologists from 

Australia who provide excellent and sustainable services of in-country testing and hearing aid 

services, with donated hearing aids, as well as on-the-job audiometry training for ENT staff 

and community workers (Thorne et al., 2019), (Sanders et al., 2015). Hearing rehabilitation 

services are limited and rely on donated hearing aids from donors such as the Starkey 

Foundation who recently conducted a mission service in the Solomons and Tonga with the 
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provision of powered scale hearing aids. Local ENT nurse members were also trained on 

managing hearing aid devices as part of this mission.  

Status of data Collection 

Data on ear disease and hearing loss available from the Pacific island region is very limited. 

Pacific island countries with established ENT clinic such as Fiji, Tonga, Samoa, Solomon, 

Vanuatu, Niue and Kiribati are collecting data either by recording them on paper records or 

saved in a computerised system.  There are several recent population-based epidemiology 

studies on the prevalence of ear disease and hearing loss focussed on children in the Solomons 

(2018), Niue (2016) and Fiji (2015) with others which are currently conducting in Samoa and 

Kiribati. All studies were conducted by international researchers with interested organisation 

such as ‘Hear the world’ foundation in Kiribati, Taiwan Cathay heart in Fiji or academic 

qualification which they were all foreign funded. Hear the World committed to send a group 

of audiologists to Kiribati twice a year to do hearing check. As such there is epidemiologic data 

available from the ENT clinics across these regions. The data include demographic details, 

presenting symptoms and diagnosis made however, each country have their own system. It 

must be noted that this data has reliability limitations because there are no standardised 

guidelines for making an ENT diagnosis, hence the need for a properly designed survey 

protocol such as the WHO Ear and Hearing Care Protocol Survey. Methods of collecting data 

need to be consistent, accurate, reliable and efficient. Health information system (HIS) in 

Vaiola Hospital in Tonga and PATIS in Samoa are recent development in the health system 

with  tablet-based MediTrak application implemented to support rapid and digital reporting of 

health information in Reproductive Health in Vaiola Hospital in Tonga (tupaia, n.d.). 

An investment in a health information system is required to capture a high-volume data for 

ENT related diseases and disorders. This investment to be used to support an equipped 

infrastructure, appropriate equipment with trained staff members. However, with the limited 

funding options available in the Pacific, ear disease and hearing loss is not considered to be a 

priority area. The health dollar is often directed to other more life-threatening health problems 

like cancer and non-communicable diseases which affects majority of the population in the 

Pacific.  

 Prevention and Identification Services. 

Tonga is among the several Pacific island nations where no national ear and hearing loss 

policies exist. Diagnostic and screening services are mostly conducted through ENT clinics or 
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during school screening projects. It is estimated that the prevalence of complications and death 

as a result of unaddressed otitis media is highest in the Pacific island countries in comparison 

to New Zealand (Sanders et al., 2015). Hence, screening at a primary level is critically 

important to identify those with ear and hearing problem. Implementing a national ear and 

hearing policy will be endorsed with the support of  evidence of the burden of ear disease and 

hearing loss (Sanders et al., 2015). Additional  population based epidemiological studies are 

therefore urgently required to identify and determine the burden of ear disease and hearing loss 

such as the routine school based ear examination on primary school children and infants carried 

out by the ENT staff nurses in the Solomon Islands (Kaspar et al., 2018b). There are several 

ear and hearing care initiatives that run in a few Pacific island countries such the Project 

HEAVEN (Hearing and Vision Enhancement) in Fiji, pre-school ear screening on four year 

old children in Niue, primary school screening in the Solomons and Samoa (Sanders et al., 

2015), (Potter, 2017).  

2.4.4. The Need for Services 

Lack of population-based data has been a contributing factor to determine the prevalence of 

ear disease and hearing loss required for the development of a national plan (World Health 

Organization, 2013). Other constraints include funding, infrastructure and resources (Mencher, 

2000). Hearing rehabilitation services that exist in the region are driven by the education system 

(Sanders et al., 2015). WHO reported that national and sub-national plan for ear and hearing 

care and hearing loss were solely the responsibility of Ministry of health but in low and middle 

income countries, non-health governmental department have greater involvement  (World 

Health Organization, 2013). An audiology unit established in Samoa under the disability sector 

funded by the Australian government is an example. Partnership with foreign aid had great 

impact on ear and hearing services in the Pacific countries. The Tonga Ministry of Health 

Mission is “To improve the health of the nation by providing quality care through promotion 

good health, reducing morbidity, disability and premature mortality”. Most Pacific island 

countries require facilities, equipment and skilled personnel in order to identify disability while 

immediate and early intervention strategies are required to be put in place. To improve hearing 

loss, there is need for a cohesive strategic plan to combat this health problem. 

2.4.5. Challenges to Service Implementation in the Pacific 

The prevalence of ear disease and hearing loss in the Pacific island population is among the 

highest globally (Monasta et al., 2012), (Stevens et al., 2011). Providing specialised ear and 
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hearing care services remains a challenge because of limited resources available and competing 

health priorities (Thorne et al., 2019), (Sanders et al., 2015). The 22 Pacific island countries 

and territories are small islands scattered over the Pacific Ocean. As small island nations with 

a low economic status, the provision of adequate services over this vast geographic area with 

limited resources and health workers is a significant challenge (Thorne et al., 2019). Non 

communicable diseases like diabetes, hypertension and heart problems are major health issues 

in Tonga hence, the current health system is focussing on developing and delivering specialised 

services and needs to incorporate prevention and awareness campaigns working together with 

other government ministries, non-organizations and international donors (Thorne et al., 2019), 

(World Health Organization, 2013). Therefore, the MOH and the government are focussing 

and spend more funding on this health problem. There is a need for national ear and hearing 

care polices with plans and programmes such as school screening, provision of hearing aids, 

noise control programs, ear and hearing awareness campaigns and training of health care 

workers outline to achieve the support of the MOH (World Health Organization, 2013).  

Without any formal ENT and audiology training programs to provide a structured career 

pathway and to develop staff provisional capacity this specialised service delivery remains 

limited.  

Space and equipment for efficient delivery of services is also a challenge. An adequate space 

with sound-proof room for hearing assessment is needed. An audiology unit for Samoa under 

the Samoa Disability Program is currently under construction. The equipment in most ENT 

clinics rely mostly on donated equipment or through the Ministry of Health. Operating such 

special equipment requires experienced personnel to train local staff. In addition, the humid 

weather in the tropic climate of the Pacific causes damage to audiology equipment as 

experienced by researchers. Maintaining regular calibration of clinical equipment such as 

audiometer and tympanometer machine are further challenges depending on the availability of 

biomedical technician, this often results in the sub-optimal maintenance of equipment. 

Rehabilitation devices like hearing aids are very expensive and this is not affordable unless 

they are donated or subsidised. If the provision of a hearing devise is available, they require 

ongoing maintenance conducted by a hearing aid technician and life-time supply of batteries, 

which is significant challenge in the Pacific Island region. 

The scarce epidemiological studies are among the challenges in the Pacific Island countries 

and territories that hinder the government and ministry of health investment in ear and hearing 
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care. The few which provide modelled estimates including  (Sanders et al., 2015), (Monasta et 

al., 2012) small population based data  demonstrate a  high prevalence of acute and chronic ear 

and hearing problem (Kaspar et al., 2018b), (Fang et al., 2016), (McPherson et al., 1994). 

Several epidemiological studies performed in Kiribati, Niue and Samoa are still being 

conducted, these studies will contribute significantly to determine burden of the ear disease. 

Local health workers should also be educated in how to conduct relevant data collection to be 

able to assist in contribution to the current data limitation. 

2.4.6. Opportunities for Service Provision 

With more than 80% of people with disabling hearing loss living low-and middle- income 

countries and 60% are preventable the potential for reducing hearing loss is high (World Health 

Organization, 2012b) (World Health Organization, 2016). A concerted effort is required to 

invest in a need assessment of the population and to explore the feasibility and sustainability 

of ear and hearing care services. The national ear and hearing care plan should be integrated as 

part of the health system. The improvement of economies in LMICs through international 

organisations, government and non-government organisations can allow further integration of 

services and allow opportunities to prevent and treat hearing loss through cost-effective means  

(Wilson et al., 2017), (Tucci et al., 2010). One of the 48th World Health Assembly resolutions 

is to prepare a national plan for the prevention of hearing impairment with the plan services of 

the country to be part of the function of the Health system (World Health Organization, 2013).  

Prevention and Education 

The management of the high burden of ear diseases and hearing loss in LMICs are difficult 

with limited resources readily available but with prevention and education strategies could 

assist in controlling the problem (Tucci et al., 2010). Strengthening of relevant immunisation 

programmes with good hygiene practices are relevant preventative measures to reduce the 31% 

of infectious childhood hearing loss (World Health Organization, 2016). Targeting modifiable 

risk factors through education such as reduction of noise exposure and smoke, encourage breast 

feeding and hand washing are important (World Health Organization, 2020). Upskilling of 

health workers to be able to diagnose and treat ear problems as simple as otitis media and 

removing impacted wax to avoid complications related to hearing loss (World Health 

Organization, 2006). Raising awareness across country with good partnership with other 

government and non-government organization, engaging of foreign aid through screening 

program are crucial (World Health Organization, 2020).  
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Training 

Each country should invest in training and capacity development of ear and hearing health 

workers in order to improve service provision. This specialty training needs to be applicable to 

LMICs and include knowledge and surgical skills not only on ears but also nose, throat and 

head and neck to be able to treat a wider range of health problems in limited number of 

professional (Wilson et al., 2017). Availability of formal ENT training will ensure health 

officers career pathway, a factor which is responsible for lower recruitment into this specialty. 

Utilising of WHO Ear and Hearing training resources for primary health care workers at basic, 

intermediate and advanced level on methods of prevention, identification, treatment and 

management of ear disease and hearing in disorder (World Health Organization, 2006). The 

medical ENT visiting team to the Pacific islands through Royal Australian College of Surgeons 

(RACS) Pacific islands program (PIP) also provide in country training to local health officers 

as part of their visits. Visiting ENT specialists train local doctors who are willing to pursue a 

career in ENT on surgical skills and supervise them while they are performing procedures. 

Visiting ENT nurses and audiologists also provide training to ENT nurses and doctors as a way 

of upskilling.   

Accessibility 

With the improvement in technology, communication has become more efficient. Employing 

a tele-health system with multiple ways of videoconferences makes communication more 

accessible and efficient. Referring a patient for discussion or second opinion makes health 

officers sure of diagnosis and subsequent management plan for the patient. Using a computer 

to collect and store data in a database makes work and analysis more accurate and reliable. 

Tele-health has been adopted and utilised successfully in countries with fast internet network 

like Australia, New Zealand, United Sates whereas it is a challenge in the low and middle 

income countries because of unreliable power, poor connectivity and high cost (Scott & Mars, 

2015). 

Equipment. 

Necessary basic ENT equipment like otoscope, ear speculum and tuning forks required for 

assessment and making initial diagnosis with simple ear disease and hearing loss should be 

made available at all health centres while more specialised equipment for instance audiometer, 

tympanometer, scopes, microscopes to be available at referral centres. Battery operated 

equipment should also be available for screening purposes and a biomedical technician if there 
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are any faults with the equipment. Technical development of an android application; hearWHO 

for self-testing of hearing level for early detection of hearing loss is an example of a cost-

effective primary prevention strategy. This android application has already deployed and can 

be downloaded at no cost to screen the hearing -level which is an initiative for hearing loss 

awareness. 

Sustainability 

The development of sustainable service building and dedication of health workers with 

availability of resources to satisfy the clinical requirements of patients. The sustainable medical 

and surgical service by visiting medical team under RACS PIP to 11 Pacific Island 

countries/territories since 1995 later included capacity building to local staff (Watters et al., 

2012). With the limited formal training available, nurses and ENT doctors engage in 

audiological assessment (PRCSWIP & Rob, 2018).   

A continuous dialogue between Pacific island countries health workers through the Pacific 

ENT Advisory Group (PENTAG) to monitor goals and mission must be sustained. Sharing of 

experience, resources, achievements and conducting workshops by international specialists 

should be mandatory (PRCSWIP & Rob, 2018). An important milestone in the Pacific 

countries is an ENT hub for all the doctors and nurses working in ENT clinic where 

otolaryngologists and head and neck surgeons from New Zealand and Australia are members 

where they discuss cases to make correct diagnosis and proper management. This is particularly 

helpful with nurse led ENT clinic (SSCSiP, 2016).  

Funding 

It is in every government’s interest to provide the best health care for it citizens, however health 

service provision depends on the proportion of total revenue available for healthcare (Olusanya, 

2007). Due to limited resources in LMICs, governments are required to rely on additional 

funding from external sources like WHO/World Bank and UNICEF. According to the World 

Banks report on the public sharing of the total health expenditure in 2002, 65% was provided 

for high income countries and only 29% in LMICs. The limited budgets and resources in low- 

and middle- income countries diverge priority to sustaining a health system rather than 

providing intervention services to other demanding health problem like communicable, non-

communicable disease and cancer. This has led to a growing trend towards local public-private 

partnership for health care delivery (Olusanya, 2007). Ear and hearing care needs to be a 
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priority within the health system in the Pacific region following the criteria outlined by 

WHO/World Bank (Jamison et al., 2006). Pacific island countries participate in the long-term 

relationship between Samoa (SENESE) and The Royal Institute for Deaf and Blind Children 

in Australia where teams of audiologists visit to test hearing and subsequently fit donated 

hearing aids. The Project HEAVEN and Bayly Clinic in Fiji partner with Carabez Alliance in 

providing free audiological services to children and hearing aids with the support of hearing 

aid manufacturing companies Phonak and Unitron who also partner with Sydney Cochlear 

Implant Centre.(SCIC) (Sanders et al., 2015).  

Summary 

The prevalence of ear disease and hearing loss are highest in low- and middle- income countries 

where resources are limited. It is suggested that half of all causes of hearing loss can be 

prevented with public health measures. In children under 15 years, 60% of causes are 

preventable with improved child and maternal health care, immunisation program, reduction 

in noise exposure, early detection and treatment of ear infection and hearing loss through 

screening and public education and awareness. Due to limited funding, health priorities are 

diverted to more prevalent and deadly health problems such as noncommunicable diseases and 

cancer. With ear disease and hearing loss being an unrecognised disability in most developing 

countries including the Pacific Island Countries/territories this can be changed with additional 

population-based data to define the burden of the disease so a national policy can be adequately 

developed and implemented. Collaboration between government and private partners such as 

international agencies, charitable organisations is required to develop a sustainable ear and 

hearing care and rehabilitation services.  

2.5. Aims and Objectives 

This research project will aim to provide and improve our understanding of the prevalence of 

ear disease and its associated hearing loss among primary school children in both urban and 

rural setting in Tonga.  

The objectives are: 

1. To determine the prevalence of ear disease and its associated hearing loss among 

primary school children (5 to 14 years or class 1 to 6) in Tongatapu. 

2. To evaluate whether prevalence of ear disease and its associated hearing loss differs 

significantly between urban and rural primary school children. 
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3. To find whether wax impaction causes hearing loss in primary school children. 

These findings will inform: 

1. Future qualitative and quantitative study on risk factors of ear disease and hearing loss 

2. The development of a policy for ear screening in Tongan schools and new models of 

service delivery to schools and rural areas. 

2.6. Chapter Summary 

Chapter 2 is a review of the literature. Ear and hearing pathology will be described along with 

its consequences, benefits of early intervention and preventative measures. Followed by the 

burden of ear and hearing pathology globally, within the Pacific and locally, followed by a 

discussion of service availability in the Pacific and opportunities for service provision. 

Chapter 3 will outline the methods employed to undertake the study to collect data and include 

coverage of consent processes, recruitment, the test environment and testing procedures. 

Chapter 4 presents result from the study including otoscopy, pneumatic otoscopy, 

tympanometry and audiometry data analyses. Results are described separately according to the 

two areas and then combined where appropriate to give an indication of the ear and hearing 

status across all school children in Tongatapu. 

Chapter 5 provides a discussion of the results according to the objectives of the study follow 

by a review of the study strengths and limitations. Further research opportunities will be 

described and lastly, conclusions made.  
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3. Methods 

3.1. Introduction 

This chapter will set out the research protocol to determine the prevalence of ear disease with 

associated hearing loss in Primary school children in Tongatapu. Togatapu is the largest island 

of Tonga and 66 primary schools located in this island alone which constitute 50% of all 

primary schools in Tonga. Schools included in this study were randomly selected from all 

government and non-government primary schools in urban and rural areas. The pathways and 

design of the project is detailed below. Outlined is the engagement and recruitment techniques, 

with the data collection process followed by referral pathways. Finally, the methods used for 

managing data and analysis. Similar process and designs were used for primary school children 

from both urban and rural settings. 

3.2. Research Process and Ethical approval 

This is an epidemiological population-based study using quantitative methods conducted in 

primary school children in Tongatapu, the biggest island in Tonga where the capital and the 

referral hospital is located.  The research design and scope were designed after multiple 

meetings between the principal researcher and the research team of four members (Principal 

supervisor, Co-supervisor and two other research advisors). This research was based on the 

principal researcher’s clinical experience and an urgent need of population base data in Tonga. 

Approval to carry out research on primary school children was endorsed by the Ministry of 

Health (Appendix A) and Ministry of Education and Training (MOET) in Tonga. The Tongan 

Government through the Prime Minister’s office then issued a Permit to carry out the research. 

This permit was issued on the 19th of April 2019 Ref: ORG 1/8 v.19 (Appendix B). Approval 

to access the mission schools were endorsed by respective school’s director or principal by 

email or verbal.  

An ethics application was submitted to the Melbourne School of Population and Global Health 

(MSPGH) Human Ethics Advisory Group (HEAG) for review and an approval 

recommendation for review by the Health Sciences Human Ethics Sub-Committee (HESC) 

which was approved on 22nd March 2019 to 31 December 2019 Ethics ID 1953568 (Appendix 

C). 
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The Tonga Ministry of Education have a designated Government Primary School (GPS) 

research officer whom the principal researcher liaised with and conveyed the timetable for the 

school visit, Patient information sheet (PIS) and the consent form. The Timetable of visit to 

each school was announced during the GPS educational radio program and copies of patient 

information sheets and consent forms were distributed to each school by an officer from the 

Primary School head office.  The mission primary schools were contacted either by email or in 

person. One week before the screening, the principal researcher officer visited the Tongan 

schools to be available for any queries, to confirm school visit time and collect the list of the 

students to be screened.  

Screening team met a few times in Melbourne for training on how to operate the hearing 

equipment and discuss the role of each personnel.  

The Principal researcher then completed a report to the parent of each child who participated 

in this research informing of the findings and outcome of the assessment (Appendix D). An 

appointment date was also attached for students who were referred to the ENT clinic. 

(Appendix E). 

3.3. School screening 

3.3.1. Sample size calculation and method. and participants 

The population for this study was primary school-aged children class 1 to 6 (age 5 to 14 years) 

in Tongatapu. The sampling method was designed to compare prevalence of ear disease 

between urban and rural primary schools. Urban primary schools were defined as all primary 

schools in the three villages of Kolofo’ou, Kolomotu’a and Ma’ufanga in Nuku’alofa. Schools 

outside of these three villages were referred to as rural. Both government and non-government 

primary schools were found in both regions. Sample size was calculated based on information 

from the HEARS Pilot survey among class 1 and 2 of 7 primary schools in the central or urban 

area of Tongatapu, which found 21% prevalence middle ear disease. To detect a hypothesised 

10% difference in prevalence of middle ear disease, a minimum sample size of 294 students 

from each location would be required to obtain 80% power at a significance level of 0.05.  The 

sample size calculation was done using SPSS Sample Power version 3.3.   

A multistage cluster sampling approach was used. A simple random sample of 10 urban schools 

(Table 3.1) and 12 rural schools (Table 3.2) was chosen. A single class was randomly selected 

from within each school, with each year level having equal probability of selection. All students 
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in the selected class were tested. With an average of 30 students per class in urban areas and 

24 students per class from rural areas, this results in a similar expected number of students in 

each region, maximising statistical power of comparing region. For two rural schools (Vaotu’u 

FWPS and GPS Talafo’ou) in rural with very small class sizes, an additional class was selected 

to increase numbers.  Data for the list of all the primary schools and the number of students per 

level was obtained from the Government Primary School office in Tongatapu. 

3.3.2. Consent process 

A consent form, participant information sheet for parents/guardians plus a simple information 

sheet for the participants were prepared both in English and Tongan languages. Students 

brought the sheets home to the parents/guardians a week before the screening and any questions 

were directed to the teacher and principal researcher. Non-Tongan parents were given the 

English version. Parents and guardians signed the consent form should they agree for their 

child/children to participate in the study. The teacher was collecting the consented form and 

handed them to the principal researcher on the day of the screening.  

3.3.3. Inclusion criteria 

Consent form must be signed by one of the parent or care giver 

Child must be registered and present at school on the day of the screening 

Child with mental or physical disability is included 

Details of the schools that were selected 

Urban Primary Schools 

No. Name of School Level to screen No. of students No. Screened 

1 GPS Longolongo 1 29 24 

2 GPS Fanga 2 34 33 

3 Hilliard Memorial Primary School 2 37 27 

4 Nuku’alofa FWPS 6 26 26 

5 GPS Ngele’ia 2 29 25 

6 TSS Nuku’alofa 4 30 29 

7 GPS Fasi 6 29 26 

8 GPS Popua 2 21 19 

9 ACTS Community School 1 19 14 
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10 GPS Hala’ovave 2 20 27 

 Total  275 250 

Table 3.1. List of schools from urban area with level and number of students to be screened. 

Rural Primary Schools 

No. Name of School Level to screen No. of students No. screened 

1 Lavengamalie Primary School 5 14 11 

2 GPS Tokomololo 6 29 29 

3 GPS ‘Atele 4 23 20 

4 GPS Folaha 3 20 17 

5 GPS Vaini 3 20 18 

6 Beulah Primary School 3 35 35 

7 GPS Mu’a 4 20 17 

8 GPS Ha’asini 1 29 23 

9 GPS Ha’amonga 3 21 21 

10 GPS Talafo’ou 2&3 23 9+10 

11 Ha’alalo 5 29 20 

12 Vaotu’u FWPS 1&5 18 4+5 

 Total  281 239 

Table 3.2. List of schools from rural areas with level and number of students to be screened 

3.3.4. Testing environment. 

Screening was conducted during school hours at a time and place with a little noise as possible 

however this was very hard to control the noise in the environment. 

Testing Place 

Ear and hearing assessment took place at the selected primary schools or a nearby hall as shown 

in Figure 3.1. At the schools, the most convenient space was chosen. Screening was carried out 

in the selected class’s classroom while they are waiting outside or a vacant room at the school 

or in the Principal’s office or the staff room. 

Testing time. 

Screening were conducted during school hours while all the students were inside the classroom. 

However, primary schools had recess at mid-morning which contributed to noisy environment.   
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Figure 3.1. Children with volunteer while waiting to be screened at nearby high school hall. 

3.3.5. Testing procedures 

3.3.5.1. Testing team.  

ENT surgeons 

Two ENT surgeons were made available for the duration of the screening. The Principal 

researcher is an ENT surgeon in Tonga attended the two weeks screening time. The 2nd surgeon 

is the chief supervisor who is the head of Otolaryngology department for Royal Victorian Eye 

and Ear Hospital. He was available for the first week of screening. Upon his return, another 

ENT specialist from the Royal Victorian Eye and Ear Hospital assisted with the screening for 

the second week.   

Two stations were prepared for the initial assessment of Ear Nose and Throat and performance 

of any interventions by ENT surgeons. It was equipped with Vorotek headlight, pneumatic 

otoscope, video otoscope and tools for cleaning the ears and one volunteer to take down 

findings and monitor the equipment. 

Audiologists 

Hearing tests were conducted by an audiologist from the University of Melbourne plus two 

final year audiology students. 
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There were three audiology stations equipped with hearTest device or standard audiometer and 

tympanometer. Audiology stations were placed as far apart as possible to avoid noise 

interference. Consumables and disinfectant were available in all the stations.  

Volunteers 

The volunteers included the chief supervisor’s wife also nurses from various department in the 

Ministry of Health such as ENT clinic, clinical, public health or Non-communicable diseases 

(NCD) depending on who was available. Volunteers helped with data input, arranging and 

cleaning of equipment, translation when needed or looking after the children. 

3.3.5.2. Testing system 

The schools in the urban area were screened in the first week and rural areas in the second 

week. The flow diagram for the possible outcome (Figure 3.2) and screening process in 

collecting data  on demographic details (including name, Date of birth, gender and ethnicity), 

general assessment of ear nose and throat and audiology assessment as shown in Figure 3.3. A 

group of students were collected from the classroom by a volunteer and seated at a waiting area 

outside the testing room. If the class to be screened is in a different building from the screening 

area, the students were seated outside the testing room and watched by one volunteer and a 

teacher to keep them quiet. When the child completed the screening, he/she was sent back to 

the classroom.  

The list of names of students to be tested from each school were entered to the system (Ipad) 

before the screening. Children with occluded wax had hearing test before and after wax was 

removed. Those with foreign body were removed and pus were cleaned before audiology 

assessment. Upon completion of ear and hearing test, a stamp is put on the child’s hand for 

being brave and participating in the screening. 

A report on ear and hearing test (Appendix D) was prepared for every child that participated 

in this research and distributed to the respective school to deliver to the parent or caretaker. 

Attached with the report was an appointment date for every child that needed follow up 

(Appendix E). The appointment date was booked by the ENT staff nurses and ENT doctors 

were informed of the referred cases. Of the referred cases, the details of ear and hearing test 

results along with referral reasons plus follow up plan were recorded in the department laptop 

and made available to ENT clinic staff.  
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3.3.5.3. Equipment maintenance and calibration 

Tympanometer machines and a mobile application audiometer device were biologically 

checked daily to ensure it is calibrated before used. This include checking the cords and 

connection points and to make sure sound are audible in the headset at all frequencies. 

3.3.5.4. Testing methods  

The testing methods, assessment and referral criteria were defined by the principal researcher 

and chief supervisor with the research team based on WHO ear and hearing disorder survey 

protocol with similar ear and hearing studies (A. W. Smith & Mckenzie, 1999), (Walsh, 2012). 

A protocol was designed (Appendix G) to detect ear diseases that may cause hearing loss which 

could affect academic achievement in primary school children. Thus, proper referral and follow 

up management can be arranged. Valid diagnosis of ear diseases and hearing loss were based 

on a combination of tests; otoscopy (pneumatic and video), tympanometry and audiometry. 

Bone conduction was performed in one ear only when hearing level is impaired on both ears 

as masking could not be done on the audiometer. Otoscopy and tympanometry tests were used 

to identify any outer and middle ear diseases with audiometry to assess the degree of hearing. 

A few schools were English speaking, but the majority required a volunteer to assist with 

translation in explain the procedure to the child.  

Otoscopy.  

Vorotek headlight or Welch Allyn 3.5V otoscope were used to assess the pinna, external 

auditory canal and tympanic membrane (TM). TM mobility were assessed using Welch Allyn 

pneumatic otoscope or insufflator attached to the otoscope. Video otoscope were used to show 

the ear findings to the child, or a condition need to be discussed with other colleagues. Different 

types of ear diseases were clinically classified according to clinical findings described in Figure 

3.2.  

Tympanometry.  

Tympanometry testing was performed using either interacoustic MT10 tympanometer or 

interacoustic Titan DPOAE screener. Tympanogram was classified as Type A, As, Ad, B and 

C according to Jerger’s classification (Jerger, 1970), (Lidén, 1969). Type A, As, Ad and C were 

classified as normal with middle ear pressure between +50 and -150 daPa. Type B 

tympanogram further had volume measured to distinguish probable cases of otitis media with 
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effusion from tympanic perforation. Type B low represented by external auditory canal of 0.3 

ml or less and Type B high if it is 1.5 ml or more. 

Audiometry.  

Participant’s pure tone audiometry were measured using either by the hearTest application on 

smart-phone or interacoustic AS602 audiometer. Both audiometers can only perform air 

conduction only. All audiometer machines were fitted with headphones. The hearTest is a smart 

phone application which used standardised Samsung J5 Prime fitted with a calibrated 

Sennheiser HDA 280 audiometric headphone according to ISO 82531:1 standard. This device 

is a portable audiometer that measure pure tone air conduction only. For each frequency, the 

test will begin at 40 dB HL. If the patient hears the tone, the intensity is reduced by 10 dB and 

repeated, if they do not, the intensity is increased in 5 dB steps until a response occurs.    

A third audiometer machine; otometrics madsen xeta was used to measure bone conduction. 

Bone conduction was not performed on all the children because of limited availability of 

equipment. A clinical judgement was made on the basis of otoscopy, tympanometry and 

audiometry on who required bone conduction. It was performed whenever there was a 

moderate and bilateral loss. 

 Ambient noise was measured and recorded using hearTest application, however, not every 

student noise level recorded. The reason for this is firstly, practice mode was used as automated 

function is lengthy and younger children are easily distracted which may result in no data being 

available. Secondly, the standard audiometer was used to test hearing level by the 3rd 

audiologist due to the large number of students to be screened and ambient noise level could 

not be measured. 

An average threshold for each frequency; 500, 1000, 2000 and 4000 Hz were measured. A pass 

in audiometry were based on WHO definition of 25 dB or better in better hearing ear.  Further 

classification of degree of hearing loss according to WHO definition of mild (26 to 40 dB), 

moderate (41 to 60 dB), severe (61 to 80 dB) and profound (more than 80 dB). Participants 

with impacted wax had hearing test conducted before and after wax was removed. Hearing 

threshold results for 500 Hz were omitted as ambient noise for the total population was not 

measured also because the noise level at the schools could not be controlled, they might 

interfere with the testing results.  
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Pure tone audiometry was attempted on all participants. Students with foreign body or pus in 

the external ear canal were cleaned before audiometric testing. Students with occluded wax 

had audiometry testing before and after wax was removed. With children where wax could not 

be removed, audiometry was not repeated; rather carers were advised on how to soften the wax 

and these children were referred for follow up at ENT clinic for wax removal. Audiometry 

testing was performed at a range of frequencies (500 Hz, 1000 Hz, 2000 Hz and 4000 Hz). 

With the nature of the testing environment, ambient noise level could interfere with hearing 

threshold estimation at 500Hz. Hence, hearing thresholds at 500 Hz were omitted in analysis. 

Audiometry testing was aborted if the child refused to cooperate or became teary.  
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Figure 3.2.Types of ear diseases with related clinical findings. 

3.3.6. Referral pathway 

Children diagnosed with any ear diseases or failed hearing test (Figure 3.3) were referred to 

the ENT clinic at Vaiola Hospital. Nurses and doctors at the ENT clinic were informed of the 

plan. An informed report of ear and hearing test result plus an appointment date for those that 

required follow up were handed to the students. Details of ear and hearing test results were 

saved on the department’s laptop. Appointment date was booked by the staff nurse at the ENT 

clinic and the date given was depended on the referral condition to avoid crowding of the clinic. 

Results of follow up clinic will be entered by the staff into the saved document under each 

participant’s name. 
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Figure 3.3 Flow diagram for screening. 

3.4.   Data collection and Analysis  

A digital form was generated according to data to be collected using File Maker Pro. The digital 

form (Appendix F) for this quantitative study was hosted on a Filemaker server at the 

University of Melbourne and accessed on iPads using the File Maker Pro Go App. Findings 

were collected directly on the Filemaker server at the University of Melbourne, then uploaded 

to the University of Melbourne One drive for storage and later exported to a spread sheet for 

analysis. Data saved in hearTest devices also uploaded and saved to the University of 

Melbourne One drive for future reference. 

Data analysis 

The quantitative statistical analysis was conducted on the data using IBM SPSS Statistics 

Version 25 and MATLAB. Pearson Chi-square test used to calculate statistical differences in 

prevalence of wax and tympanometry type comparing school location (urban vs rural), age and 

gender.  



 

62 
 

Pre-Test Analysis 

A Linear mixed effects model was used to assess the effect of wax and tympanometry type on 

the air conduction pure tone audiometry results for 1000, 20000 and 4000 Hz. Participant and 

ear were included in the model as nested random effects. Wax presence, tympanometry type, 

age, gender and test tone frequency were included in the model as fixed effects, as were the 

interactions between frequency and wax, and frequency and tympanometry type. Wax presence 

was dichotomised as occluded wax and no or partial wax. Tympanometry Types As and Ad 

were combined with Type A due to low numbers in these categories. Age groups were 

categorised as 5 to 6, 7 to 8, and 9 and over. The last age group were combined because of 

small number of students. 

Post-test analysis. 

A linear mixed effects model was also used to compare pre-test and post-test results for ears 

where wax was occluded and able to be removed. Time, test tone frequency, and the interaction 

were included in the model as fixed effects. Participant and ear were included in the model as 

nested random effects. 

Summary. 

This chapter described the method used to conduct this case study. It included details of 

research, ethic and consent process. A description of the testing environment, referral pathway 

and testing methods with equipment used were also described. The process of data collection 

and how it was analysed was also discussed.  
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4. Results 

4.1. Introduction 

This chapter presents the analysis of the data collected from urban and rural primary school 

children in Tongatapu, accompanied by the explanation of the results. Participant’s 

demographics, general examination findings, screening test results of otoscopy, tympanometry 

and audiometry will be described by age, gender and school location. The effect of wax and 

tympanometry type on hearing will be looked at and finally any improvement in hearing after 

wax is removed.    

4.2. Participant Demographics 

4.2.1. School location and Gender 

A total of 557 students registered of which 489 were screened (88.8%). There were 250 

students from Urban and 239 from Rural Primary Schools with 249 Male to 240 females. There 

were near equal numbers of male (119) and female (120) students in rural primary schools with 

slightly more males (130) than females (120) urban schools. So, populations were closely 

matched for location and gender (Figure 4.1). 

 
Figure 4.1. Gender by school location.  
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4.2.2. Classes by school location 

School Level 
(Class) Urban(*) Rural Total 

1 38(2) 27(2) 65 

2 131(5) 9(1) 140 

3 0 101(5) 101 

4 29(1) 37(2) 66 

5 0 36(3) 36 

6 52(2) 29(1) 81 

Total 250 239 489 

Table 4.1. Number of students and classes by school location.  

(*) refers to the number of classes screened at the level selected. 

There were more class 1 and 2  (Table 4.1) children selected from urban schools, hence more 

students of a younger age, while children from class 3 and 4 or 7 to 8 years predominated in 

the rural setting (Table 4.1 and Figure 4.2). Even though there was no class 5 from urban 

schools, there was a near equal number of students for urban and rural for classes 5 and 6 

combined.  

4.2.3. Age by school location 

Age was not normally distributed, rather skewed to the left. Age ranges from 5 to 14 years of 

age with a lower median age for urban as compare to rural children; 7.69 years, 7.99 years 

respectively.  

 

Figure 4.2. Number of students for age by school location 
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4.3. Prevalence and Statistical analysis 

4.3.1. General Examination 

Out of 489 students screened, 138 (28.2%) were referred (urban-80, rural-38) to ENT clinic at 

Vaiola Hospital for medical intervention and audiology follow up. These are cases where wax 

could not be removed because it was too dry, children with middle ear disease and those with 

impaired hearing that need to be re-tested. The nose and throat were also examined for related 

features (Table 4.2) that could potentially be associated with ear disease. Anomalous findings 

were observed more often amongst urban children, with allergic rhinitis the commonest (29%) 

followed by prominent tonsillar tissue (20%).  Postnasal drip was observed the least (0.4%). 

Feature   No   Yes   Missing   

    Urban Rural Urban Rural Urban Rural 

Rhinitis Bacterial 215 224 31 6 4 9 

  Allergic 172 161 74 69 4 9 

Tonsil  180 197 66 31 4 11 

Adenoid   236 224 8 3 6 12 

Postnasal drip 243 228 2 0 5 11 

Table 4.2. General examination findings 

 Prominent tonsillar and adenoid tissue.  

 Dental caries was observed in 28% of the sample population with more children from rural 

area were suffering from this health problem. Near equal distribution between male and female 

and two to three times less common in children age nine and more years (Table 4.3).  

    n Percentage (%) 

Caries   138 28 

school location Urban 54 11 

  Rural 84 17 

Gender Male 67 13 

  Female 71 15 

Age group (years) 5 to 6 54 11 

  7 to 8 64 13 

  ≥ 9 20 4 

Table 4.3. Children with dental caries. 
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4.3.2.    Otoscopy  

Wax was categorised as either partial or occluded.  (Sometimes marked as “Occlude” in the 

figures presented.) An ear was regarded as occluded if there was complete obstruction of 

external ear canal with wax with no visualisation of the tympanic membrane.  

Findings   Urban Rural Bilateral Unilateral Total 

Amount of wax 
 

No wax 99 123 222   0 222(45%) 

  Partial 77 53 54 76 130(27%) 

  Occluded  74 63 64 73 137(28%) 

Otorrhea    3 6 2 7 9 (2%) 

Perforation   2 5 3 4 7(2%) 

Suspected 
Cholesteatoma   

0 3 1 2 3(0.6%) 

Otitis externa    3 12 3 12 15(3%) 

Foreign body   11 7 3 15 18(4%) 

Table 4.4. Otoscopy findings among children. 

Worst amount of wax in both ears. Participants could have more than one finding.  Hence it 

exceeds the total number of students. 

Otoscopy was performed on all children (n = 489) who participated in the screening (Table 

4.4). Wax was the most prevalent observation. This was seen in 54.6% (267/489) of children.  

Potentially serious complications of otitis media, including TM perforation and suspected 

cholesteatoma were also observed infrequently (2% perforation: 0.6% suspected 

cholesteatoma). Almost 4% of the children had a foreign body in the ear. The type of foreign 

bodies found in the children’s ears were Q-tips, paper, sand grains, eraser or dead insects.  

Cases of otorrhea were associated with 2% (perforations and suspected cholesteatoma).  Otitis 

externa was seen four times more often in rural areas as were all cases of suspected 

cholesteatoma.  
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Figure 4.3. Amount of wax by school location.  

Occlude refers to ears where wax completely occluded the external ear canal.  Partial referred 

to ears where wax partially occluded the ear canal. 

 

Statistical analysis shows significant differences in occurrence of wax by school location (p = 

0.02) and age (p = 0.01) but not gender (p = 0.489). More than half of the students with at least 

partial occlusion of the ear by wax were from urban schools (Figure 4.3). Of the 137 students 

with occluded wax, 74 (15%) from urban and 63 (13%) from rural (Table 4.4), (Figure 4.3). 

Wax could be removed in majority of these children while 53 children were referred to the 

ENT clinic at Vaiola hospital for aural toilet. Wax was most common in children aged 5 to 6 

years (25.8%, 126/489), followed by 7- to 8 years old (16%, 78/489) and the 9 years and older 
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FIGURE 4.4). Interestingly, prevalence of occluded wax was only significant for age group (p = 

0.002) but not for location (p = 0.425). 

Figure 4.4. Wax distribution by age. 

4.3.3. Pneumatic Otoscopy 

The mobility of the ear drum was examined by pneumatic otoscope with results recorded in 

428 children (Urban 211, Rural 217) but not in 61 children. The differences in prevalence of 

ear drum mobility were significant for school location (p = 0.015) but not for gender (p = 0.516) 

and age group (0.13). There were 74% of students had bilateral mobile ear drum with 13 % had 

at least one immobile ear drum (Figure 4.5). Of those children with immobile ear drum, it was 

twice (9%) as common in rural children as compare to urban (4%). A near equal number 

between male and female. Surprisingly, more students with immobile ear drum (24 students) 

in 9 and more years to only 19 students in 5 to 6 years (Table 4.5).“Not recorded” refers to 

cases with no result recorded because either the wax was not able to be removed or the result 

was not entered.  
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Figure 4.5. Prevalence of ear drum mobility. 

    Mobile  Immobile 

No 

Record Total 

School 

Location Urban 188 23 39 250 

 Rural 175 42 22 239 

Gender Male 189 31 29 249 

  Female 174 34 32 240 

Age in years 5 to 6 135 19 35 189 

 7 to 8 137 22 12 171 

  

9 and 

more 91 24 14 129 

Table 4.5. Number of mobile ears by school location, gender and age group. 

4.3.4. Findings on Tympanometry 

Tympanometry Type 

A total of 461 students (Urban - 232, Rural - 229) had tympanometry testing and 29 students 

had no result recorded in one or both ears therefore, these were excluded. Students with wax 

that had tympanometry Type B at initial testing, had repeated test after wax was removed. Ear 

Canal Volume (ECV) were only measured if a Type B tympanogram was recorded. Table 

below shows the number of ears in each tympanogram type.  

 

School 
Location A  B C 

No 
record 

Total 

Urban 329 45 90 36 500 

Rural 326 59 71 22 478 

Total 655 104 161 58 978 

Table 4.6. Tympanometry result; number of ears by school location.  

74%

13%

13%

Prevalence of drum mobility

Mobile

Immobile

No Record
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 Because of very small number of Type As (24 ears) and Ad (26 ears) all cases are 

classified as Type A tympanogram. 

Statistical analysis show there was no differences in abnormal tympanograms by school 

location (Left p = 0.239, Right p = 0.191), gender (Left p = 0.806, Right p = 0.085) or age 

group (Left p = 0.446, Right p = 0.625%) for either ears. Of the 920 ears that had tympanometry 

type testing, Type A was the most common tympanogram type (71%), followed by Type C 

(18%) with Type B (11 %) the least (Table 4.6). Type C tympanograms were seen more often 

among urban children (10%) and those 5 to 6 years of age (9%) (Figure 4.6 Figure 4.7). By 

way of contrary, Type B tympanograms were observed more among children in rural schools 

(59 ears,6.4%%) than urban (45 ears,4.9%). All tympanogram types (A, B and C) decrease in 

incidence with increase in age (Figure 4.7).  

 

Figure 4.6. The number of students per tympanometry type by school location. 
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Figure 4.7. The number of students per tympanometry type by age group.  

Tympanometry volume 

The Table 4.7 summarises the number of students that had external canal volumes measured. 

There were 76 students that had Type B tympanogram of which 17 students had normal 

external canal volume with two students had no ECV recorded. Of the remaining 57 students, 

50 students (73 ears, 8%) had Type B tympanogram with a lower-than-normal external ear 

canal volume (Type B low: < 0.3 ml) and 7 students (11 ears, 1.2%) had Type B with a high 

external ear canal volume (Type B high: >1.5 ml; 3 bilateral, 4 unilateral). Distribution among 

school location as shown in (Table 4.7). The number of students with both Type B low and 

Type B high tympanogram in rural area were two times more common as compared to those 

in urban area. Unilateral Type B low were more common and seen in 33 students, compared to 

17 who had this in both ears (bilaterally). There was not much difference in the incidence of 

Type B low and Type B high among the age group (Figure 4.8). The number of students with 

high external canal volume (7 students) is consistent with the number of perforated ear drums 

observed.  

  Unilateral Bilateral 

External Canal Volume 

(ECV,ml) Urban Rural Urban Rural 

low (<0.3) 10 23 12 5 

normal (0.3-1.5) 4 6 2 5 

high (>1.5) 2 2 0 3 

 

Table 4.7. Number of students with Type B volume by school location 
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The low external canal volume (<0.3ml) was encountered in children who had wax that could 

not be removed (demonstrated in Table 4.7). This number is consistent with the number of 

students with wax that referred to the ENT clinic for removal. Further 17 students (4% of 

those that had tympanometry test) had a Type B tympanogram with normal ECV. 

 

Figure 4.8. Data of external canal volume distribution by age. 

Of the 73 ears that had Type B low tympanogram, 51% had normal hearing and 49% failed the 

hearing test. Majority had mild hearing loss (37%) defined as average PTA between 26 to 40 

dB with only 11% had moderate hearing loss (Figure 4.9). Of the 7 students (11ears) which 

had Type B high, 3 students had normal hearing while 4 students had mild hearing loss. 
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Figure 4.9. Distribution of hearing loss for students with Type B low. 

 

4.3.5.  Audiometry findings 

Hearing was determined on average PTA for 1, 2 and 4 kHz of best hearing ear. Pass were 

those with average PTA of ≤ 25 dB of best hearing ear. Of the 489 students participated in the 

screening, 439 (89.8%) students passed hearing test and  37 students ( 7.6%) failed having 

average PTA at >25 decibels in best hearing ear with 13 students (2.6%)did not have any record 

because the child hesitated or became teary (Figure 4.10). Mild hearing loss (26 – 40 dB) was 

commonly found (34 students, 7%) and only 3 students under moderate hearing loss (41 – 60 

dB). Statistical analysis shows there was differences in failure hearing by age (p = 0.016) but 

not with gender (p = 0.211) and school location (p = 0.793). The prevalence of failure hearing 

was equal for both urban and rural school children and most prevalent in five to six years of 

age Table 4.8.  

 

Figure 4.10. Average PTA distribution of best hearing ear. 

    Pass % Fail % p value 
School 
location Urban 221 46.4 18 3.8 0.793 

  Rural 218 45.7 19 4.0   

Gender Male 220 46.2 19 4.0 0.211 

  Female 219 46 18 3.8   

Age group 5 to 6 159 33.4 24 5.0 0.016 

  7 to 8 160 33.6 8 1.7   

  9 and more 120 25.2 5 1.1   

Table 4.8. Average PTA distribution. 

Data analysis revealed that hearing loss were associated with various factors with middle ear 

diseases as the most common cause (15 students, 41%) followed by wax (9 students, 24%). 

439, 90%

37, 7%13, 3%

Average PTA of primary school children. 

Pass Fail No Record
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Near equal number of students under wax and OME and those with hearing loss with no known 

cause (Figure 4.11). Middle ear diseases include OME (8 students, 21.6%), perforation, 

cholesteatoma and ETD (2 students each,5.4%) and Atelectasis (1 student,2.7%). Of the 137 

students who had occluded wax, 9 students did not complete hearing test, 112 students (23%) 

had normal hearing and 16 students (4%) failed hearing test, seven of which had associated 

OME Figure 4.11. 

 

Figure 4.11. Factors contributed to hearing loss among primary school children.  

Wax and Type B tympanogram were children who had Type B tympanogram after wax was 

removed.  

Four students found to have unilateral profound (100 dB) hearing loss across all frequency (1, 

2 and 4 kHz) while the other ear was had normal hearing. Two were seen at each school 

location, and none of the cases had evidence of chronic middle ear disease.  One student 

claimed that he was aware of his hearing problem. These children required repeated hearing 

test in a sound-proof booth and further tests and investigation to identify the cause and type of 

hearing loss.  

  Cause  

    

Occluded 

wax MED 

Occluded 

wax and 

OME unknown Total 

Age in years 5 and 6 8 9 4 3 24 

  7 and 8 0 4 2 2 8 

  

9 and 

more 1 2 1 1 5 

9, 24%

7, 19%
15, 41%

6, 16%

Causes of hearing loss

Wax Wax plus OME MED Unknown
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School 

location urban 6 8 1 3 18 

  rural 3 7 6 3 19 

Table 4.9. Causes of hearing loss per age group and school location. 

Alternative criteria for assessment of audiometry testing. 

The WHO define hearing impairment as hearing of more than 25 dB in the best hearing ear. 

We will now look at the prevalence of hearing impairment under other normal cut off levels.

 

Figure 4.12. Prevalence of hearing loss in different cut-off level. 

This graph reveals that a reduction of 5 dB (20 dB) in diagnosing of hearing impairment 

results in (24%) in prevalence of children with hearing impairment three times more. 

However, if the cut-off level was 15 dB, more than half (60%) of the children had impaired 

hearing. 

4.4. Pre - test analysis.  

Wax, age, gender and tympanometry type were used in linear mixed-effects model as fixed 

effects while participants and ears were nested as random effects to determine their effects on 
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the level of hearing and compare any significant differences between tympanometry types and 

presence of occluded wax on hearing.  

4.4.1.  Effects of variables on PTA air conduction. 

We see from the results of Type III tests that occluded wax, age and tympanometry type are all 

important predictors of hearing level, with the exception of gender at the level 0.05, as shown 

in Table 4.10. The mixed effects model used, account for dependence between observations by 

including random effects where ears and participants were included as random effects. Both 

ears were treated as dependent on each other. Estimated variations of the random effects 

*students* and *ears* were measured as shown in  

Type III Tests of Fixed Effect 

Source 

Numerator 

df 

Denominator 

df F Significant 

Intercept 1 651.407 2281.78 <0.001 

Wax Occlude 1 807.667 14.431 <0.001 

Frequency 2 1835.235 65.754 <0.001 

Age Group  2 460.099 4.701 0.010 

Gender 1 459.6688 1.003 0.317 

Tympanometry Type  2 874.363 34.082 <0.001 

Freq * Tympanometry Type  4 1835.379 8.973 <0.001 

Wax Occlude * Freq 2 1835.138 2.719 0.066 

Table 4.10. Fixed model to predict average PTA.  comparison 

All the effects except for gender (p = 0.298) are significant at the 0.05 level.  

4.4.2.   Comparison of predicted average PTA for gender, age group, occluded wax 

and tympanometry type. 

The average PTA for each category of the respective variables was determined using a mixed 

model analysis. The higher the mean threshold, the worse or poorer the hearing. For gender, 

females had better average PTA than males, and younger children (5 to 6 years old) had worse 

which improved with age (Table 4.11). As reported earlier, occlusive ears affected 28% of the 

study population, and was more often seen amongst children from urban primary schools 

(Table 4.4) and at younger ages (Figure 4.4). The predicted average PTA was worse among 

children with occluded wax as compare to those with no or partial wax (Table 4.11), (Figure 

4.13). Children with Type A and C tympanograms are predicted to have better hearing 

thresholds than those with a type B tympanogram (Table 4.11) and (Figure 4.14).  
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    95% Confidence interval 

Variable Category  Average PTA (dB) 
Lower 
Bound 

Upper 
Bound 

Gender Male  23.62 22.444 24.797 

  Female 22.967 21.840 24.095 

Age Group (years) 5 to 6 24.590 23.387 25.793 

  7 to 8 22.319 21.045 23.594 

  ≥ 9  22.972 21.483 24.461 

Wax No/partial 21.814 20.928 22.699 

  Occluded 24.774 23.284 26.264 

Tympanometry type A 20.168 19.278 21.059 

  B 28.121 26.304 29.937 

  C 21.592 20.097 23.088 

Table 4.11. Estimated marginal means of mixed effects.   

 

Figure 4.13. Line graph of estimated marginal average for all frequency.  
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Figure 4.14. Line graph of average PTA for tympanometry type. 

4.4.3. Pairwise comparison for age group and gender. 

A pairwise comparison was undertaken to compare significant differences in average PTA by 

age group and gender (Table 4.12). The analysis revealed significant differences only between 

5 and 6 year-olds to 7 and 8 year-olds of 2 dB, but not to children older than 9 years with p-

value of 0.003 and 0.053 respectively and between 7 and 8 year-olds and more than nine year-

olds, p = 0.436 (Table 4.12). The univariate test performed to discover whether means of all 

age group are equal. In this study, the univariate test’s p value is 0.01 (less than 0.05) so equal 

means is rejected (Table 4.13).  

Pairwise Comparisons   

Age 

(yrs)  

Age 

(yrs)  Mean Difference  

Std. 

Error 

p 

value 95% Confidence Interval for Difference 

          Lower Bound Upper Bound   

5 to 6 7 to 8 2.271* 0.758 0.003 0.781 3.76   

  > 9 1.618 0.834 0.053 -0.022 3.258   

7 to 8 5 to 6 -2.271* 0.758 0.003 -3.76 -0.781   

  > 9 -0.653 0.837 0.436 -2.297 0.992   

> 9 5 to 6 -1.618 0.834 0.053 -3.258 0.022   

  7 to 8 0.653 0.837 0.436 -0.992 2.297   

Male Female 0.653 0.652 0.317 -0.628 1.934  

Female Male -0.653 0.652 0.317 -1.934 0.628  

Table 4.12. Pairwise comparison between age group.  

 Audiometry level between gender show no significant difference (p = 0.317) supported by 

the univariate test  with p value more than 0.05 therefore null hypothesis is not rejected (Table 

4.13). 
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Univariate Tests 

  

Numerator 

df 

Denominator 

df 

F 

test 

p 

value 

Gender 1 459.688 1.003 0.317 

Age group 2 460.092 4.701 0.01 

Table 4.13. Univariate test for gender and age group. 

4.4.4.  Pairwise comparison for tympanometry type and wax. 

All comparison between tympanometry types were significant except that between Type A and 

Type C (p = 0.069). This is supported by mean differences between paired groups. Between 

Type A or Type C with Type B having 7.9 and 6.5 dB respectively while between Type A and 

Type C is only 1.4 dB (Table 4.14). On the Univariate test, p < 0.05, which confirms the null 

hypothesis of equal category means is rejected Table 4.15. 

Pairwise comparison 

Variable Category 

Mean 

Difference 

(dB) 

Std. 

Error 

p 

value 

95% Confidence Interval for 

Difference 

          Lower Bound 

Upper 

Bound 

Tymp. 

Type A B -7.952* 0.964 0.000 -9.844 -6.061  
    C -1.424 0.782 0.069 -2.958 0.11  

  B A 7.952* 0.964 0.000 6.061 9.844  

    C 6.528* 1.117 0.000 4.336 8.721  

  C A 1.424 0.782 0.069 -0.11 2.958  

    B -6.528* 1.117 0.000 -8.721 -4.336  

Wax  

No or partial 

occlude Occluded -2.960* 0.779 0.000 -4.49 -1.431  

  Occluded 

No or partial 

occlude 2.960* 0.779 0.000 1.431 4.49  
Table 4.14. Pairwise comparison of tympanometry type and wax occlusion.  

* The mean difference is significant at the .05 level. 

 

Univariate Tests 

  

Numerator 

df 

Denominator 

df F test p value 

Tympanometry type 2 868.95 34.082 0.000 

No/partial wax vs 

Occluded wax 1 807.667 14.431 0.000 

Table 4.15. Univariate test for tympanometry type and occluded wax. 
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The mean differences between ears with no or partial wax and occlusive is about 3 dB (Table 

4.14) and with p-value less than 0.05 indicates statistical significance. Univariate test with p 

value less than 0.05 (Table 4.15) reject the null hypothesis.  

4.4.5. Pairwise comparison between tympanometry type and wax presence with 

audiometry frequencies (1,2 and 4 kHz). 

Among simple effect comparison between Audiometry frequency and Tympanometry types 

suggests that all pairs are statistically significant except between Type A and Type C at 2000 

Hz with p-value 0.587 (Table 4.16). This concurs with pairwise comparison (Table 4.14). The 

univariate test was performed to determine whether means for all tympanometry type are equal 

for all audiometry frequency. The result indicates that the means of tympanometry types for all 

frequency are significant at 0.05 level (Table 4.15). 

            95% CI for Diff. 

Frequency 
Tymp. 
Type 

Tymp. 
Type 

Mean 
Diff. 

Std. 
Error 

p-
value 

Lower 
Bound 

Upper 
Bound 

1000 Hz A B -7.861* 1.065 0.000 -9.95024 -5.773 

    C -1.831* 0.868 0.035 -3.52 -0.129 

  B A 7.861* 1.065 0.000 5.773 9.950 

    C 6.031* 1.241 0.000 3.597 8.465 

  C A 1.831* 0.868 0.035 0.129 3.52 

    B -6.031* 1.241 0.000 -8.465 -3.597 

2000 Hz A B -5.757* 1.065 0.000 -7.846 -3.669 

    C -0.472 0.868 0.587 -2.174 1.23 

  B A 5.757* 1.065 0.000 3.669 7.846 

    C 5.286* 1.241 0.000 2.852 7.719 

  C A 0.472 0.868 0.587 -1.23 2.174 

    B -5.286* 1.24 0.000 -7.719 -2.852 

4000 Hz A B -10.239* 1.065 0.000 -12.327 -8.150 

    C -1.970* 0.868 0.023 -3.673 -0.266 

  B A 10.239* 1.065 0.000 8.150 12.327 

    C 8.269* 1.241 0.000 5.834 10.704 

  C A 1.970* 0.868 0.023 0.266 3.673 

    B -8.269* 1.241 0.000 -10.704 -5.834 

Table 4.16. Pairwise comparison Audiometry frequency and tympanometry type. 

 The simple effect comparisons between no/partial wax and occlusive ears are significantly 

different from each other for all frequencies of about two to three dB with p-value less than 

0.05 (Table 4.17  ). Univariate test indicates that the means PTA are significant for all 

frequency at 0.05. This agrees with the pairwise comparison Table 4.14.  
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            95% CI for Diff. 

Frequency Category Category 
Mean 
Diff 

Std. 
Error 

p-
value 

Lower 
Bound 

Upper 
Bound 

1000 Hz No/partial  Occluded -2.125* 0.858 0.013 -3.808 -0.441 

  Occluded No/partial 2.125* 0.858 0.013 0.441 3.808 

2000 Hz No/partial Occluded -3.319* 0.858 0.000 -5.002 -1.635 

  Occluded No/partial 3.319* 0.858 0.000 1.635 5.002 

4000 Hz No/partial Occluded -3.437* 0.858 0.000 -5.121 -1.754 

  Occluded No/partial 3.437* 0.858 0.000 1.754 5.121 

Table 4.17. Pairwise comparison between audiometry frequency and wax occlusion.  

4.5. Pre and Post Pure Tone Audiometry analysis 

4.5.1. Comparison of predicted Pre and Post mean PTA.  

The linear mixed effects model analysis showed a mean difference of about 7 dB PTA after 

occluded wax was removed (Table 4.19) and statistically significant for all audiometry 

frequencies (p < 0.001) (Table 4.20). The mean threshold prior to wax removal (Pre-PTA) was 

higher (22.995 dB) than after successful removal of the wax (Post-PTA; 16.315 dB) which 

show better mean hearing threshold (Table 4.18).  

Time of 

audiometry 

test Mean 

Std. 

Error df 95% Confidence Interval 

        

Lower 

Bound 

Upper 

Bound 

Pre 22.995 0.859 105.973 21.292 24.699 

Post 16.315 0.998 177.028 14.346 18.284 

Table 4.18. Mean PTA threshold for pre and post wax removal.  

 

Pairwise Comparison 
Time of 

audiometry 

test  

Time of 

audiometry 

test 

Mean 

Difference 

Std. 

Error df 

p 

value 

95% Confidence Interval 

for Difference 

            

Lower 

Bound 

Upper 

Bound 

Pre Post 6.680* 0.699 520.831 0.000  5.307 8.053 

Post Pre -6.680* 0.699 520.831 0.000 -8.053 -5.307 

Table 4.19. Pairwise comparison between pre and post Pure Tone audiometry.  

4.5.2. Pairwise comparison of mean Pre and Post PTA with all frequency. 

The predicted mean PTA threshold for post pure tone audiometry were consistently better 

with wax removal in all three frequencies (Figure 4.15). 
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Figure 4.15. Line graph of mean Pure tone audiometry pre and post wax removal for all 

frequencies.  

Comparing the pre and post PTA threshold shows significant difference for all frequency (p < 

0.001) of between 6.3 and 7.4 dB as shown in Table 4.20.  This is supported by univariate test 

which indicate that the mean PTA threshold for pre and post wax removal are significant at 

0.05 level for all three frequencies.  

 

Pairwise Comparison 
Frequency of 

audiometry 

test 

Time of 

audiometry 

test  

Time of 

audiometry 

test  

Mean 

Difference  

Std. 

Error df 

p 

value 

95% Confidence 

Interval for 

Differencec 

              

Lower 

Bound 

Upper 

Bound 

1000 Hz Pre Post 6.426* 1.092 495.255 0.000 4.28 8.572 

  Post Pre -6.426* 1.092 495.255 0.000 -8.572 -4.28 

2000 Hz Pre Post 7.306* 1.105 495.459 0.000 5.135 9.477 

  Post Pre -7.306* 1.105 495.459 0.000 -9.477 -5.135 

4000 Hz Pre Post 6.307* 1.105 495.459 0.000 4.136 8.478 

  Post Pre -6.307* 1.105 495.459 0.000  -8.478 -4.136 

 Table 4.20. Mean threshold for pairwise comparison between pre and post wax removal.  

4.5.3. Effects of wax removal on the prevalence of hearing. 

The graph below shows a 5% reduction (15% to 10%) in number of students with bilateral 

hearing impairment after occluded wax was removed in 25 dB and much higher reduction of 

30% (40% to 10%) among children with unilateral hearing impairment.  
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Figure 4.16. Impacts of wax removal on hearing at different level (decibels). 

The graph shows that 15% of children with occluded wax had bilateral abnormal hearing at 25 

decibels. After wax was removed a significant proportion of children, 35% had bilateral normal 

hearing and 30% had unilateral hearing impairment. At 20 dB, 48% had bilateral and 35% had 

unilateral hearing impairment. After wax removal, there was 30% and 5% of children 

benefitted with bilateral and unilateral hearing.  

Summary. 

The otoscopy, tympanometry and audiometry result from all primary schools has been analysed 

and described. The most common ear disease found among primary school children was wax 

(partial or complete occlusion) account for 54.6% and affect 30.8% children in urban to 23.7% 

in rural with of the total population had occlusive ears. However, middle ear disease and its 
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complication affect 14% of the children which were observed more among children in rural 

area (9%) as compared to urban (5%). All possible cases of cholesteatoma (0.6%) were found 

in rural children while otorrhea (1%) and tympanic perforation (2%) were equally observed in 

both areas with 11% had OME which observed more in rural (7%) and urban (4%). Both wax 

impaction and middle ear disease affect younger children at younger age more but no 

differences between gender. The point prevalence of children with failed PTA were 17% with 

equal distribution between urban (9%) and rural (8%). Majority had mild (14%) hearing loss. 

Occluded wax was the most common of failed PTA (41%) followed by middle ear diseases 

(34%), Wax plus OME (11%) and unknown (14%).  Age, tympanometry type and occluded 

wax were all significant predictors of pure tone air conduction audiometry while gender was 

not. The differences in level of hearing between individuals with no or partial wax and 

occlusive ears was 3 dB. There is 7dB improvement in level of hearing after occluded wax was 

removed from ears of children and it significant for all 1, 2 and 4 khz frequencies.   
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5. Discussion:  

5.1. Introduction 

The purpose of this study is to find the prevalence of ear disease with associated hearing loss 

among primary school children in Tonga comparing urban and rural. The study was designed 

to screen a well-matched sample of students across age and locality, but the situation in the 

field affected the students seen.  The population of participants was well matched for location 

and gender, but it was skewed towards younger children. Attendance rate for primary school 

children in Tonga is 93%, but only 89% of children in any class were screened on this study. 

This imbalance was likely influenced by heavy rain. The ten Primary schools in urban area 

were scheduled to screen in the first week and during this week government schools were 

cancelled on two days due the rain. Therefore, we had to ask one of the mission schools whose 

classes were not cancelled for permission to screen the selected level from their school instead. 

Alteration were made to the schedule on the second week to accommodate for the schools that 

missed out on their scheduled time. Changes to the screening schedule was one reason for the 

lower attendance rate.  Other reasons included parents choosing for their students not to 

participate (i.e. not providing consent) and students not attending school on the new day of the 

screening. By the end of the field work, all 22 primary school were visited (10 urban and 12 

rural). The team spent one extra day at the end of the second week screening schools affected 

because of the rain. This chapter will discuss the findings of this study, its strength and 

limitations, recommendations for further studies and lastly with conclusion. 

5.2.  Prevalence of Ear Disease. 

Otoscopy examination revealed that wax impaction was found in more than half (54.6%) of 

the study population ears. Regardless of the degree of impacted wax and the most common ear 

problem. Every third child had occluded (28%) wax in at least one ear which is consistent with 

the Rotary funded survey (HEARS Pilot Research) previously conducted among 6 to 8 years 

old primary school children in Tonga (24%) in 2012 and a PhD thesis (33% right ear, 31% left 

ear (F. Langridge, 2017). Wax impaction was found to be more common among children in 

urban (30.9%) than rural (23.7%). Use of cotton tip swab (CTS) is common practice in Tonga 

for cleaning ears, even though one study have concluded that CTS does not produce wax free 

ear canals but that it may be associated with wax impaction (Macknin et al., 1994). Whether 
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this practice was more common in urban than rural is not known but the study revealed more 

foreign bodies were found in ears of student in urban area and this included ear buds. In 

addition, judging from wax removed from the ears, shape of ear bud’s head often seen Figure 

5.1. Several studies have conducted among children in some Pacific island countries and all 

revealed that wax impaction is mostly the commonest ear problem found ranging from 77 ears 

among 170 children with ear disease in Fiji, 19% Niue, 23% Solomon to highest of 39% in 

Western Samoa (Fang et al., 2016), (Potter, 2017), (Kaspar et al., 2018b), (McPherson et al., 

1994). A comparative study on urban and rural primary school children in India revealed a 

contradictory result with more children with wax impaction in rural than urban area 35.9% and 

30.7% respectively (Bandyopadhyay et al., 2005). Similar result on a study on prevalence of 

Otitis media, hearing impairment and cerumen impaction among five to 20 years old children 

in rural and urban Dar es Salaam in Tanzania where prevalence of cerumen impaction was 

higher in rural (20.45%) compared to urban (14.8%) areas but the difference was not 

statistically significant (Minja & Machemba, 1996). The lack of a standard definition for wax 

occlusion could be the reason for the difference in prevalence of occluded wax between urban 

and rural settings in this study compare to the studies in India and Tanzania.    

Otitis media is a common infectious disease among paediatric population and remains a public 

health threat in low- and middle- income countries. Its prevalence decreases in high income 

countries. OM can spontaneously resolve or persist if it is not properly managed and can lead 

to complications causing hearing loss and death. Middle ear disease was the second most 

common finding in 60 students (12%) mostly seen among children in rural primary schools (42 

students, 8%) compare to urban (18 students, 4%). The HEARS survey conducted in 6 to 8 

years primary children in Tonga found 21% of children with middle ear disease and two times 

higher (42%) among Aboriginal children in Perth (Williams et al., 2009). Across both urban 

and rural primary school children otoscopic examination revealed nine students (2%) had 

active infection evidenced by otorrhea, seven (2%) had tympanic membrane perforations and 

three (0.6%) had suspected cholesteatoma with all of cholesteatoma cases from the rural area. 

The duration for the ear infections was not known but diagnosis of CSOM could be made base 

on clinical findings on seven children (1.4%). This is consistent with finding among Aboriginal 

children in urban primary school in Perth (1.7%) and the estimated level for Tonga (1.38%) 

but lower than reported studies among primary school children in Western Samoa (2.4%) and 

Solomons (3.1%) (Williams et al., 2009), (Sanders et al., 2015), (McPherson et al., 1994), 

(Kaspar et al., 2018b). The prevalence was higher among children less than 18 years of age in 
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Fiji (4.1%) and Indonesia (5.4%) for all ages (Fang et al., 2016), (Mahadevan et al., 2012). The 

WHO considers a CSOM prevalence of 2-4% as an avoidable burden of disease that can be 

avoidable and with the lower prevalence for this study this ear problem can be addressed.  The 

fact that the numbers are small, the purpose of this study may reveal inequities in service 

delivery between urban and rural even though everyone is in access to health services within 

one hour.  

Type B tympanogram with normal external canal volume have a high correlation with Otitis 

media with effusion with an intact tympanic membrane and absence of infection (Lesperance 

et al., 2015). If type B tympanogram with normal ECV is indicative of otitis media with 

effusion this was found in seventeen students (3.7%) of the primary school children with 

greater number of children with OME observed in rural area 11 students (2.2%) in this study 

when compared to urban 6 students (1.2%). This point prevalence study showed very low 

frequency of otitis media with effusion. The short survey period with the small study population 

contributed to this low frequency. The higher prevalence of OME among children in rural area 

is not dissimilar from the study conducted among children in Fiji comparing urban (4%) to 

suburban (14%) (Fang et al., 2016). This differences could reflects poor access to ear care 

services for management of ear diseases, or reflect the differences in socio-economic and 

education level between urban and rural populations as shown in Tonga demographic health 

survey (Minja & Machemba, 1996) (Secretariat of the Pacific Community, 2014). Low 

socioeconomic level has identified to contribute to higher prevalence of ear disease supported 

by studies in India and Turkey (S. K. Chadha et al., 2006), (Ozkiris et al., 2012). The prevalence 

of OME range from as low as 1.14% (Thailand), 5.2% (Taiwan), 18.5% (Aboriginal children), 

25.4% (Pacific island children in New Zealand) to as high as 34.2% (Solomons) (Mahadevan 

et al., 2012), (Williams et al., 2009) (Paterson et al., 2006), (Kaspar et al., 2018b).  Seventeen 

students (4%) that had wax also had OME. Therefore, of the 53 students which wax could not 

be removed, 2% of them might have OME. Type B low tympanogram peak at seven to eight 

years rather than five to six because of more students in this category selected from the rural 

primary schools. However, a huge drop at nine years was more consistent with literature; the 

prevalence of OM is known to decrease with age as anatomy and immune system matured. 

Presence of complications of OM in primary school population reflect a need for screening 

among pre-schoolers and primary schools.  

A Type B tympanogram with normal volume is indicative of OME and unilateral Type B was 

more common than bilateral of 2.2% and 1.7% respectively. The impact of OM on hearing 
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level required continuous assessment therefore, it required a follow up study. The issue of 

whether one ear with normal hearing level is enough to assist the child with his/her 

development is still unclear. However, review of literature suggested that children with 

unilateral hearing loss have better score on expressive language test when compared with 

children with bilateral hearing loss (Lieu, 2018), (Jose et al., 2014). Lewis suggested unilateral 

or bilateral hearing loss are risk factors for delay in language and cognition development and 

speech understanding (Lewis, 2020). Further studies on difficulties experienced by children 

with unilateral and bilateral hearing loss and factors to guide potential options of amplification 

choice is still needed (Lewis, 2020). 

 

Figure 5.1. Impacted wax removed from ears with ear bud’s head shape. 

5.3.   Prevalence of hearing loss.  

The prevalence of hearing loss across the primary school children was 8% with equal 

distribution across both urban (3.8%) and rural (4%) define as an average PTA of more than 

25 dB in better hearing ear. The prevalence of hearing loss for primary school population in 

this study is two times lower than the study conducted by Langridge et al on health of primary 

school children in Tonga which found 15% of children had hearing loss and among school age 

children in Guam (16.8%) (F. C. Langridge, 2017), (Garrett & Stewart, 1989). Sanders et al 

estimated 20-23% of Pacific population age 5 years and older had mild hearing loss while 92% 

of children that failed hearing test in this study were in this category (Sanders et al., 2015). 

Survey protocol variation (from the impact of rain on screening) could account for differences 
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in prevalence determination, which makes comparison between studies more difficult. Stevens 

et al used Bayesian hierarchical model and estimated the global and Asia Pacific prevalence of 

hearing loss for 5 to 14 years; 1.4% and 1.8% respectively (Stevens et al., 2011). These figures 

are very low and cannot be compared to the current study due to variation of criteria and the 

basis of extrapolation of available studies into countries where they are lacked and scarce. The 

lack of studies on hearing among children in the Pacific island countries make comparison 

difficult. 

Middle ear disease was found to be the most common cause of fail hearing test and accounted 

for 41%.  This was followed by occluded wax, which accounted for 24%. The global prevalence 

of OM related hearing impairment was estimated at 0.31% and Oceania region was the second 

highest (0.51%) to South Asia (0.97%) and lowest in Europe Western, Australasia, North 

America high income and Asia Pacific high income to be below 0.02% (Monasta et al., 2012). 

Again, the number for the Oceania were based on extrapolation from studies available in other 

countries. Sanders et al estimated the prevalence of hearing loss cause by middle ear condition 

especially CSOM to be at 3.5-3.6% and  much lower at 0.04% in New Zealand (Sanders et al., 

2015). In contrast, this study found 41% of hearing loss by middle ear condition were due to 

OME (Sanders et al., 2015). . Of the students with OME in at least one ear, this study found 

24% failed hearing test but double  among primary school children in the Solomons (50%) 

(Kaspar et al., 2018b). Prevalence of hearing loss is higher in the Pacific island 

countries/territories attributable to low levels of community screening with limited resources 

to address high prevalence of ear diseases causing hearing loss. In this study, four (0.8%) 

students two from each region (urban and rural) were discovered to have unilateral profound 

(100 dB) hearing loss with no clinical findings of middle ear disease. One of the four students 

was aware of his hearing problem, but no assistive device was available. Otitis media related 

permanent hearing impairment are significantly more likely among children in Pacific islands 

(Sanders et al., 2015).  

The high prevalence of wax was shown to be greater in low- and middle- income countries.  

The analysis of this study revealed the mean difference between ears that are occluded with 

wax and non-occluded ears is about 3 dB. Twenty eight percent of the children had occluded 

wax in at least one ear of which 12% failed hearing test. It is very important that ears are not 

impacted with wax. Further analysis revealed improvement in level of hearing after occluded 

wax is cleared out of the external ear canal is about 7 dB. This is consistent with a study 

conducted in the Lothian area, Edinburgh where a 5 dB improvement in hearing after wax was 
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removed (Sharp et al., 1990). The improvement in hearing loss from wax impaction might be 

equivalent to ventilation tube insertion to clear OME. A review of ventilation tubes for hearing 

loss associated with otitis media with effusion in children had shown a 10 dB improved hearing 

level at four to six months which then decreased to 6 dB at seven to 12 months (Browning et 

al., 2010). Despite wax found to be a commonest finding in previous studies in the Pacific 

countries, none of this previous literature described the relationship between impacted wax and 

hearing loss because either there was no intervention or wax was removed before hearing test 

was conducted. This limitation restricted any comparison with the current study. However, 

studies of ear disease and hearing loss found wax to be a common cause of hearing loss. 

Previous studies have shown that impacted wax is associated with socioeconomic status and is 

the most common condition found in low- and middle- income countries (Bandyopadhyay et 

al., 2005). One study conducted in India revealed higher prevalence of wax among people 

living in humid environment than those in regions of less humidity which could  also applicable 

to Pacific island climate and reason for it commonality (Al Khabori et al., 2007). Another study 

on children with Down’s Syndrome (trisomy-21) in the Philippines found wax retained in 

external auditory canal of < 4mm, particularly in males with low-lying external ears (Dy & 

Lapena, 2018). There is an area for further study on high prevalence of wax impaction in Pacific 

island setting.  

Mild hearing loss was commonly observed in 12% of ears with 0.7% had profound to severe 

loss. Bone conduction was not obtained on every child because of limited availability of 

equipment. There was only one bone conductor and bone conduction performed when there 

was bilateral hearing loss. With evidence of OME (Type B and otoscopy) and occluded wax 

the loss was presumed to be conductive.  

The criteria for determining the prevalence of children with hearing loss differs between 

countries and institutions. The impact of public health measures and approach will depend on 

the burden of ear and hearing problems. Similarly, aiming at bilateral normal or at least one 

normal hearing ear will also affect strategies to address the important health issue. 

5.4. Implications for Tonga. 

The survey has highlighted the high demand for a national school screening program for 

primary schools in Tonga. Wax was found to be the most common ear problem with low 

prevalence of middle ear disease among the primary school children during this research. 

Children with occluded wax had pure tone audiogram before and after wax was removed. 
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Analysis of the data resulted in improvement in the level of hearing after wax was removed of 

approximately 7 decibels. This suggested that children can have normal hearing through a 

simple and achievable method through screening by otoscopy and application of ear drops or 

removal of wax by direct vision. Identification of wax in children’s ears can be conducted by 

nurses and health officers after training and do not need ENT specialist skills.  

Mild hearing loss was the most common (7%) degree of hearing loss. In the literature review 

by Lewis and Jose et al, it is suggested that mild unilateral and bilateral hearing loss are risk 

factors for receptive and expressive speech development (Lewis, 2020),(Jose et al., 2014). In 

the present study, the impact of mild hearing loss cause by either wax or OM on the children’s 

school performance was not assessed because of the short survey period. It is worth 

acknowledging that the impact of mild hearing loss either by wax or otitis media on children’s 

schooling is still unclear but it is a risk factor on cognition and behavioural development delay 

which can affect school performance (Elbeltagy, 2020).   

At present there are no ear or hearing awareness or screening program in Tonga except for the 

service delivered from the ENT clinic at Vaiola Hospital. This health problem is affecting both 

urban and rural. The causal and risk factors require further investigations. A survey on the 

health of primary school children using 3 primary schools from urban area in Tonga revealed 

huge differences in the health-related quality of life in this population compare to high income 

countries with small differences to children in Fiji (the only other island in the Pacific where 

health related quality of life assessment conducted). Economic factors were suggested to play 

a role in determining these differences (F. C. Langridge, 2017). Hence, cost-effective strategies 

are required to address this high prevalence health problem in low resources area like Tonga. 

The intention of this study is to provide the evidence to inform a national policy on the 

management of ear disease and hearing problem within the health care system. 

5.4.1. Prevention and Education. 

The research provides important data to advocate for a national screening program for the 

primary school children as a potential solution to identify those with ear diseases and address 

these early. The survey was conducted on a sample of student from each school selected but a 

common request from the teachers in these schools was, “what about the rest of the children”. 

This could imply that the teachers value their students hearing or be a reflection that there are 

children in those schools who the teachers know, or suspect, have hearing problem. The 

experience from this study show the strong support from the Ministry of Education on ear and 
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hear screening. There are a few health promotion interventions within Tonga health system to 

the primary school children including rheumatic heart screening, oral health promotion and 

healthy eating. The public health nurses are involved with primary school screening. Upskilling 

of the nurses and health workers to have ability to identify children and adults with potential 

ear disease and hearing loss is feasible. Screening program can be incorporated with other 

health intervention programs and this would be cost- effective.  

Screening studies commonly arranged referral of children that failed audiology assessment to 

ENT clinics. Compliant rate differs that could be determined by many factors. In a sample of 

primary school students referred to ENT clinic during the HEARS Pilot project in Tonga, 

only 56% turned up at the clinic while a study in the Solomons, the follow up rate was higher 

to be 80% (Kaspar et al., 2018b). This current study referred 138 students for follow up at the 

ENT with 27% from rural primary schools. Regardless rate of follow up in Tonga, if services 

were delivered at the school location or nearby health centre so that children did not need to 

visit the ENT department, this would ensure greater follow up and better care for the 

children.  

5.4.2. Detection services 

The 14 health centres in Tonga are staffed with health officers and nurses where provision of 

primary and preventative health care. Unfortunately, information on the frequency and quality 

of supervision support given to the health centres is not available (Asia Pacific Observatory & 

World Health Organization, 2015). With training of these health officers on basic ear 

examination, they could identify abnormal ear drums, middle ear disease or wax impaction. An 

outreach visit from ENT clinic to health centres will not only extend service delivery but also 

provide training to health officers. 

Otoscopes are available in each health centre. Availability of screening tympanometers, 

although currently not routinely available, would enable detection of OME. Given this problem 

usually resolves within 3 months, referral to secondary care level would not be necessary in  

majority of cases, provided that Primary health officers, ENT and public health nurses could 

be trained on the use of tympanometer, or even better trained to screening audiometry, to 

conduct screening in health centres and schools. The Pure tone audiometry smart phone 

applications are now available for free that the public could be advised to use for screening 

their own hearing. Although there are some concerns surrounding their accuracy, these may be 

good enough to allow for screening. 
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5.4.3. Treatment services 

The outcome of this provide a rationale to scale up the service delivery to the community 

including schools, health centres and outer islands of Tonga. Tonga already has an ENT 

department and is one of the few Pacific island countries to have one, it is still under resourced. 

Tertiary level care is not available in Tonga and secondary care is only available in the referral 

hospital. A hearing rehabilitation service (hearing aids) has recently been made available 

through the Starkey Foundation. During the screening process undertaken in this study, we did 

not encounter any children with grommets, and this is because there is very limited availability 

of these. Therefore, preventative measures like screening for early detection and intervention 

are needed.  

There is a guideline available for diagnosis and management of Ear Nose and Throat conditions 

in Vaiola Hospital, but it is not known whether health workers are aware of these, nor whether 

they follow them. There is a need for better dissemination of these resources, to heighten 

awareness and uptake of these guidelines within the community. This could be achieved by 

strengthening training with available materials in the hospital or other materials available from 

WHO.  

Investment on training of specialised ENT nurses and primary health officers on simple 

procedures including how to remove wax, foreign body and clean pus can help with follow up 

of students identified from school screening. The health system have to make sure that 

resources are available to address the cases identified from screening program. This includes 

ensuring availability of resources and equipment for identification and treatment of 

complications. These resources can be scarce in Tonga; for instance, last year was the first-

time replacement of the operating microscope in the referral hospital in Tonga in 30 years, and 

the ENT clinic took possession of its first tympanometer and otoacoustic emission machine in 

2016. With the availability of these types of resources, patients can be treated in a timely 

manner, and the need for international referral are reduced.  

5.4.4. Further study 

Further study on causal and risk factors of ear disease and hearing loss are required. Four 

students discovered during the survey to have unilateral hearing threshold of 100 dB. The cause 

was not known and with no evidence of middle ear disease, sensorineural hearing loss was a 

possibility. This finding advocates for infant screening with associate factors to plan 
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preventative measures and interventions. The studies available from Pacific island focussed on 

children however, requirement for screening program in other age group are necessary.  

Further study into risk factors for high prevalence of wax impaction and ear diseases in Tonga 

should be explored and a possible standard regional survey protocol be implemented for 

comparison. 

5.5. Study Strengths 

The key strength of this study was the sampling of rural children and gathering data for 

comparison with urban children of Tongatapu. We were able to collect data from more than 80 

percent of the population. The data can also be used to compare with similar studies performed 

previously. It was also a chance for partnership between visiting Otolaryngologists and staff at 

the ENT clinic. One visiting Otolaryngologist kindly donated 3 Vorotek headlights, subsidised 

by the generosity of the manufacturer, to be used at the clinic. The children were excited to see 

the visiting team some of them never had their ear and hearing examined. Another strength was 

the enthusiasm of the research group, and their willingness to put their job or study on hold to 

visit another country that they only heard of but had never visited. The principal researcher a 

citizen living in Tonga and working at the Ministry of Health understanding the culture and 

this made planning and communication easy. 

This is the first study conducted in the Pacific island countries/territories looking at relationship 

between occluded wax and level of hearing. Conducting intervention at the site of screening is 

feasible and is very important. Removal of occluded wax enabled the diagnosis of concomitant 

ear pathologies and avoided placing extra burden on the health system. 

Using tablets (Ipads) for the collection of data was an excellent choice. It made data entry 

during screening very easy and saved much paper-work. There was strong support from the 

Tonga Ministry of Health in allowing staff nurses and a transport to assist with the research. 

This was an opportunity for the nurses from the Ministry of Health to learn how to do hearing 

tests using a tympanometer, and audiometer, and provided them with an opportunity to share 

knowledge with doctors and audiologists.  

The Principal researcher is from Tonga and upon return, she will continue on the management 

of the students that were referred to the ENT clinic. 

5.6. Study Limitations. 
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There was no pilot study to help inform the design of this study. The number of students and 

gender were normally distributed however, age and class were not, and this may have affected 

the generality of the outcomes.  

This study population was not representative of the population of the entire nation because we 

screened children from the main island, Tongatapu only. Furthermore, some of the primary 

schools classified as rural were in close proximity to Nuku’alofa. The findings for prevalence 

of ear diseases and hearing loss comparing urban and rural may not reflect the situation in 

schools located on the outer islands.  

Audiometric assessment of pure tone air conduction threshold using HearX’s hearTest 

application on a smart phone device was found not to be suitable for testing hearing in younger 

children. The testing mode was time consuming and the youngest children did not concentrate 

long enough to complete the task. The assessment was changed to an audiologist-lead using 

the “practice mode” of the HearX application after the first few schools were screened. When 

practice mode was used, data were not saved on the device and the ambient noise levels were 

not available. Similarly, ambient noise levels were not available during standard testing with 

an audiometer.  

This cross-sectional study was limited by the very short survey period, hence did not catch the 

dynamic that are well known to otitis media. In order to be able to reflect on the consequences 

of otitis media, a longitudinal cohort study will be very important.    

The environment factors such as humid climate in the tropical weather resulted in equipment 

failure. The wet season caused cancellation of schools for government schools for two days on 

the first week which was not anticipate and this imposed burden on the screening team to 

account for those schools. The audiometer machine could not do masking therefore children 

therefore bone conduction was only done on one ear.   
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6. Conclusion 

Ear disease and hearing loss are still major public health concern among primary school 

children in Tonga that can be managed by timely public health measures. High prevalence of 

wax impaction was observed among primary school children. This is a great concern because 

it could affect their ability to hear better. The four students with profound unilateral hearing 

loss required education to look after the good ear in order to maintain hearing. Middle ear 

disease especially otitis media with effusion was the main cause of hearing loss. The infectious 

ears and cholesteatoma may cause detrimental complications beside permanent hearing loss. 

Ear disease and hearing loss are serious health problems evolving among primary school 

children that warrant urgent need for strategies to address them. Since it was only primary 

schools from rural area of Tongatapu included in the study, this may not be representative of 

the outer islands where specialised ear services are minimal. There are limited resources to 

combat the longterm effects and burden of ear and hearing problems in Tonga. A partnership 

between the Ministry of Health, Government of Tonga, Non-government organizations and 

overseas funded program with strategic plan of prevention such as immunization program, raise 

awareness, screening to identify and addressed ear diseases and hearing loss problem.   
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7. Appendices 
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modification(s) requested by other Ethics Committees involved with the project, the Storage and 

Use ofData, the Plain Language Statement and Consent Forms or the inclusion of other 

supplementary tools or methods to be used in the project but were not mentioned or reviewed by 

the NHERC. It is your responsibility to contact and inform the NHERC of such changes, the 

NHERC will decide on the level of significance the changes impose and act accordingly. Should 

the changes be considered major and significant you will be notified and are required to re-

submit the application with amendments. 

2) Serious and Unexpected Adverse Events 

All unforeseen/ serious adverse events must be reported to the NHERC immediately. These 

events include changes to the protocol and unanticipated project-related events that jeopardize 

the welfare of the participants and the staff (involved in the conduct of the project) which might 

affect the continuing ethical acceptability of the project. Failure to report any of these events will 

be considered a breach of research conduct and will result in the immediate suspension or 

termination of ethical approval and/or disciplinary action. 

3) Ongoing Monitoring and Progress 

The project is subject to monitoring by the NHERC at any time during the study period. 

Since the study is of short duration, a progress report may not be required. To maintain 

our records and keep it up-to-date you are requested to notify the NHERC on the 

conclusion/completion of the project. You are required to report if the project is 

discontinued before the expected date of completion. 

4) Final Report 
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It is mandatory that a final report be submitted to the NHERC upon completion of the 

project. A copy of the final report must be submitted to the NIIERC or the NHERC 

Secretary. 

Any data, records and results pertaining Tongan residents from the study remain a property 

of the Ministry ofHealth Tonga and copies may be kept by the researchers. 

Failure to abide or comply. by the follmving conditions will result in the immediate 

discontinuation or suspension of approval and/or disciplinary action. 

If you have any queries or wish to discuss general matters relating to the ethical process of reviewing 

research applications/proposals please feel free to contact the Secretariat of the National Health Ethics 

and Research Committee (e-mail: sfkupu@health.gov.to or phone: (676) 23200 ext. 1424). Please 

note the NHERC does not make retrospective approvals and all recommendations are not based on 

static principles and morals but rather the NflERC makes approvals and commendations which are 

consultative and consensual in nature. 

Please quote reference number: 20191303 on all communications with the NHERC regarding this 

application and ethical approval. 

We wish you all the best with your endeavors! 

Malo 'aupito!  

Mr. Sioape KupuDate Secretariat ofNational Health Ethics and 

Research Committee Ministry ofHealth Tonga. 
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Appendix B 

 

 

PRIME MINISTER'S 

OFFICE NUKU'ALOFA, 

TONGA 

Ref: ORG 1/8 v.19 

1 I th April 2019 

Dr. Sepiuta 'Aho Lopati 

Faculty of Otolaryngology 

School of Medicine 

University of Melbourne 

Melbourne 

AUSTRALIA 

Dear Dr. Sepiuta 'aho Lopati, 

RE: Tonga Government Research Permit 

I am pleased to inform, that the Prime Minister's Office has approved your application to 

conduct research among primary school students in Tongatapu for your Master degree, to 

determine the prevalence of ear disease and its associated hearing loss in some urban and rural 

primary schools, by your team as follows: 

(i) Mr. Michael Harris 

(ii) Ms. Elisabethe-Anne Peart 

(iii) Ms. Jocelyn Phillips 

(iv) Mrs. Catherine O'leary 

(v) Prof.Stephen O 'leary 

Your proposal has compiled with all the relevant requirements under the Government Research 

Policy as stipulated under His Majesty's Cabinet Decision No.410 of 12 May 2011. Kindly 

note that the Ministry of Education & Training has granted their support and Ministry of Health 

to provide research advice and assistance during your time here. 

This permits allow for your fieldwork to be conducted from 20th to 31st, 2019 and upon request 

may be extended at our discretion. 
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However, a further condition of this permit is that you consult with the Ministry of Education 

and Training with regards to the Government Schools involved in the research. Please contact 

Dr Raelyn 'Esau via email: esaurl@gmail.com. 

 

GPO Box 62, Nuku'alofa, TONGA. Website: www.pmo.gov.to Telephone: 24-644/24615 Fax: 23-

888 

We look forward to the completion of your report and appreciate your future submission as a 

valuable resource and insight into the situation of our families and particular our children. 

We wish you all the best with your research and success in your future endeavours during your 

time in the Kingdom. Should you require further assistance, please do not hesitate to contact 

our office. 

 

cc. MCEO, Ministry ofEducation and 

Training CEO, Ministry of Health 

Respectfully 
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Appendix C 

 

          

22 March 2019  
  

  

  

Professor Stephen O'Leary 
Otolaryngology  
The University of Melbourne  
  

  

Dear Professor O'Leary     
  

I am pleased to advise that the Medicine and Dentistry Human Ethics Sub-Committee approved the following 

Project:  
  

Project title:  To determine the prevalence of ear disease and its associated hearing loss among 

primary school children in both urban and rural settings in Tonga.  
Researchers:  Dr L Saafi, Staff Nurse L Mafi, Staff Nurse M Faleafa, Staff Nurse K Tahitu'A, Prof S J  

O'Leary, Prof P Annear, Mr C J Waterworth, Ms J Phillips, Mrs A I Boudville, S 

Lopati  
Ethics ID:  1953568  

  

The Project has been approved for the period: 22-Mar-2019 to 31-Dec-2019   
  

It is your responsibility to ensure that all people associated with the Project are made aware of what has 

actually been approved.  
  

Research projects are normally approved to 31 December of the year of approval.  Projects may be renewed 

yearly for up to a total of five years upon receipt of a satisfactory annual report.  If a project is to continue 

beyond five years a new application will normally need to be submitted.  
  

Please note that the following conditions apply to your approval.  Failure to abide by these conditions may 

result in suspension or discontinuation of approval and/or disciplinary action.  
  

(a) Limit of approval:  Approval is limited strictly to the research as submitted in your Project application.  
  

(b) Variation to project:  Any subsequent variations or modifications you might wish to make to the Project 

must be notified formally to the Human Ethics Sub-Committee for further consideration and approval.  If 

the Sub- 

Committee considers that the proposed changes are significant, you may be required to submit a new 

application for approval of the revised Project.  
  

(c) Incidents or adverse effects:  Researchers must report immediately to the Sub-Committee anything 

which might affect the ethical acceptance of the protocol including adverse effects on participants or 

unforeseen events that might affect continued ethical acceptability of the Project.  Failure to do so may 

result in suspension or cancellation of approval.  
  

(d) Monitoring:  All projects are subject to monitoring at any time by the Human Research Ethics Committee.  
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(e) Annual report:  Please be aware that the Human Research Ethics Committee requires that researchers 

submit an annual report on each of their projects at the end of the year, or at the conclusion of a project if 

it continues for less than this time.  Failure to submit an annual report will mean that ethics approval will 

lapse.  
  

(f) Auditing: All projects may be subject to audit by members of the Sub-Committee.  
  

If you have any queries on these matters, or require additional information, please contact me using the 

details below.  
  

Please quote the ethics ID number and the title of the Project in any future correspondence.  
  

 

Research, Innovation and Commercialisation  
Incorporating UoM Commercial Ltd  

  
Alan Gilbert Building, Level 5, The University of Melbourne, 161 Barry Street, Victoria 3010 Australia  
T: +61 9035 5943 | W: research.unimelb.edu.au | unimelb.edu.au  

  

  

  

  

  

On behalf of the Sub-Committee I wish you well in your research.  
  

Yours sincerely  

  
Ms Hilary Young - Secretary  
Medicine and Dentistry HESC  
Phone: 03 8344 8595, Email: hilary.young@unimelb.edu.au  
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Appendix D. Report form 

 

 

 

    Ear and Hearing test report. 

Date : ______________ 

To the Parents/Guardian of : ___________________________ 

Name of School : ________________________________ 

Thank you for consenting for your child to participate on this study. 

  Your child has passed t ear and hearing test. 

  Your child have been referred to the ENT clinic at Vaiola Hospital for the following 

  Hard wax in  Left,  Right ear 

  re-test hearing 

  problem with ears 

Attach is an appointment date for your child to attend the clinic. It is very important that your child 

is followed up in the clinic 

 

Kind Regards 

Dr Sepiuta Áho Lopati  

Tel: +6768789828, +61415686607 

Email: sepilopati@yahoo.com, slopati@student.unimelb.edu.au 

Professor Stephen O’Leary (Supervisor) 

 

mailto:sepilopati@yahoo.com
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‘Aho : ______________ 

Matu’a/Tauhi fanau : ___________________________ 

Hingoa ‘apiako : ________________________________ 

Fakamalo lahi atu ho loto to ke kau mai ho tama he ki’I savea na’e fai pea koe ola eni ‘o e savea. 

  Na’e paasi ‘a e sivi kotoa pe ki he telinga mo e fanongo ho’o tama 

  ‘Oku fiema’u ke sio ho tama ki he kiliniki telinga ‘I he falemahaki Vaiola ‘I he ‘uhinga ‘oku 

faka’ilonga’I atu 

  Maka e te’etuli ‘I he telinga  hema,  mata’u 

  to e sivi e fanongo  

  palopalema ki hono telinga 

‘Oku ‘oatu fakataha eni moe ‘aho/taimi apoinimeni ke ‘ave ai ho tama ki he kiliniki. ‘Oku matu’aki 

mahu’inga ‘aupito ke tauhi ‘a e ‘aho ‘oku fiema’u ke sio ai ho tama ki he kiliniki.  

 

Malo ‘aupito 

Dr Sepiuta Áho Lopati  

Tel: +6768789828, +61415686607 

Email: sepilopati@yahoo.com, slopati@student.unimelb.edu.au 

Professor Stephen O’Leary (Supervisor)Appendix E. Appointment form 

Appendix E 

mailto:sepilopati@yahoo.com
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Appendix F 

    PARTICIPANT INFORMATION STATEMENT  
Project Title : Prevalence of Ear disease and its associated hearing loss among 
Primary school Children in Tonga  
Who am I?  
My name is Sepiuta Lopati, I am a Tongan but currently studying in Melbourne 
Australia. I have brought a team with me from Australia, and we would like to 
check your ears.  
What are we doing?  
We would like to have a look at your ears. You can tell us if you have ever had 
problems with your ears, like pain or something like pus coming out from your 
ears. We also want to know if you have problems hearing when your mum, 
dad, friend or teacher talk to you.  
Why are we doing this?  
It is important that you have good and healthy ears because it is very 
important for your learning. We might be able to help children who have 
problems with their ears.  
What will happen?  
We would like to have a look at your ears with a little torch and we can have a 
look at some pictures of your ear. This might tickle a little bit. We will put a 
little machine in your ear which might tickle as well. The last thing we will do is 
play a game. You get to wear headphones. This is so we can see how well you 
hear.  
STOP 

You can say STOP at any time. That’s OK. If you want to try again you can tell 

me, but if you don’t that’s OK too. 

 

     Fakamatala ma’ae Fanau  
Hingoa ‘o e Poloseki : Tokolahi ‘o e fanau lautohi ‘oku uesia honau telinga mo ‘enau fanongo ‘I 

Tonga.  

Ko hai au?.  

Ko hoku hingoa ko Sepiuta Lopati pea koe Tonga pe au ka ‘oku ou lolotonga ako ‘I he Univesiti ‘o 

Melipoane ‘I Aositelelia. 'Oku ou 'i heni pea moe timi mei 'Aositelelia ke mau fai ha sivi ki ho telinga 

moe fanongo. 

Ko e ha ‘emau me’a ‘oku fai?  

‘Oku ou fie’ilo ki he tokolahi ‘o kinautolu ‘oku sai pe honau telinga mo ‘enau fanongo mo kinautolu 

‘oku ai ha uesia honau telinga mo ‘ikai sai ‘enau fanongo. ‘Oku ou fie’ilo pe ‘oku ai ha palopalema ki 

ho fanongo he taimi ‘oku ui atu ai ho fa’ee, tamai pe koe lea atu ‘a e faiako.  
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Koe ha e ‘uhinga ‘oku mau fai ai e ngaue ko eni?  

‘Oku mahu’inga ‘aupito ke fakapapau’I ‘oku ‘ikai uesia ho telinga mo ho fanongo he ‘oku fu’u 

mahu’inga ia ki ho’o ako. ‘E malava pe ke mau tokoni atu ‘o kapau ‘oku ‘I ai ha uesia ho telinga mo 

ho fanongo.  

Koe ha leva e me’a ‘e hoko?  

‘E fiema’u ke u sio ki loto ho telinga’aki e ki’I kasa pea ‘e malava ke ta sio ki he ‘ata ho telinga. Koe 

me’a ngaue ko ‘eni teke ongo’I ‘oku ki’I velevele kata. ‘E ‘iai moe ki’I me’a ‘e mono ki loto ho telinga 

pea ‘e velevele kata mo ia. Koe faka’osi koe ki’I keimi. ‘E ‘oatu e me’a fanongo (headphone) ke ke tui 

kae lava keu tala ‘a e tu’unga ‘oku ‘iai ho fanongo.  

TA’OFI.  

‘E malava pe ke ke talamai TA’OFI. ‘Oku lelei pe ia. Kapau pe ‘e liliu ho fakakaukau ke toe hoko atu 

pea ke talamai pe pe ko hano ta’ofi. 

 

Appendix G 

     Consent Form  
University of Melbourne  
Otolaryngology  
School of Medicine  

Project: To determine the prevalence of ear disease and its associated 
hearing loss among urban and rural primary school children in Tonga. 
Responsible Researcher: Prof. Stephen O’Leary Additional Researchers: Assoc. 
Professor Peter Annear (Co-supervisor), Andrea Boudville(Co-Researcher), Chris 
Waterworth (Co-Researcher), Dr. Leiukamea Saafi (Co-Researcher)  
Name of Participant: ………………………………………………………………………  
Class:………………………………………………. Sex: ……………………….. Race ……………  
Date of Birth: …………………………………..Address: …………………  
1.I ___________________________________________________ parent/guardian of the abovenamed child 
would like to consent for our child to participate in this project, thedetails of which have 
been provided with a written plain language statement tokeep. 

2.I understand that the purpose of this research is to determine how much eardisease there 
is amongst primary school-aged children in Tonga and to evaluatewhether this occurs more 
often either in urban or rural areas. 

3.I understand that my child participation in this project is for research purposesonly. 

4.I acknowledge that the possible effects of participating in this research projecthave been 
explained to my satisfaction. 

5.In this project my child will be required: 

-To be absent from the class room for up to 20 minutes to complete this study. 

-Recording of demographic details. 



 

108 
 

-Examination of ear nose and throat. 

-A detail assessment of ears by examination and if there is wax, foreign bodyor pus this will 
be cleared. 

-Testing of hearing using hearing equipments. 
-If there are any ear problems discovered at this research, it will be attendedto by the ENT 
doctor and if a referral is required to ENT clinic at VaiolaHospital, an appointment will be 
pre-arranged. This is the only time mychild’s information will be made known during the 
research. 
6.I understand that my child ear may be video-taped for review with research team.7.I 

understand that my child participation is voluntary and he/she is free to withdraw from 

this project anytime without explanation or prejudice and to withdraw any unprocessed 

data that I have provided.8.I understand that the data from this research will be stored at 

the University of Melbourne and will be destroyed after 7 years from completion of this 

research.9.I have been informed that the confidentiality of the information I provide will be 

safeguarded subject to any legal requirements; my data will be password protected and 

accessible only by the named researchers.10.I understand that after I sign and return this 

consent form, it will be retained by the researcher.Parent/GuardianSignature: 

_________________________ Date: __________________________Email: 

_____________________________________(optional) 

 

 
 
      Foomu Fakamo’oni  
University of Melbourne  
Otolaryngology  
School of Medicine  

Hingoa ‘o e Poloseki: Ke kumi ‘a e tokolahi ‘o e fanau lautohi ‘oku ‘I ai ha 
uesia honau telinga mo ‘enau fanongo ‘I he ngaahi lautohi si’I ‘I kolo mo ‘uta 
‘I Tonga. Responsible Researcher:  
Professor Stephen O’Leary (Chief Supervisor)  
Additional Researchers: Dr. Sepiuta Lopati (Primary Researcher), Assoc. Professor Peter 
Annear (Co-supervisor), Andrea Boudville (Co-Researcher), Chris Waterworth  
(Co-Reasearcher), Dr. Leiukamea Saafi (Co-Researcher)  
Hingoa______________________________________________________Kalasi:_________________ Race___________ 
Tamasi’i/Ta'ahine: __________________Matakali_____________'Aho fa’ele’i: 
_________________________________ Kolo: ______________________________________  
1.Ko au_____________________________________________________ matu’a/tauhi ‘o e tokotaha ‘oku ha ‘i 
‘olunga ‘oku ou fie fakaha ‘a ‘eku loto ke kau hoku ‘uhiki ‘i he poloseki ko ‘eni ‘a ia kuo ‘osi 
fakamatala fakaikiiki mai ‘i he tohi fakahinohino ‘oku ‘omi ke tauhi. 
2.‘Oku mahino heni ko e taumu’a ‘o e fekumi ko eni ke ‘ilo e tokolahi ‘o e fanau lautohi ‘oku 
uesia honau telinga ha fa’ahinga mahaki ‘o ne fakatupu ai ha‘ikai ke sai ‘enau fanongo ‘i 
Tonga. 
3.‘Oku ou ‘ilo koe kau atu hoku ‘uhiki ‘oku taumu’a pe ki he fekumi ‘ata’ataa pe. 
4.Ko e ngaahi me’a kotoa pe ‘e hoko lolotonga ‘a e fekumi ko eni kuo ‘osi fakamatala mai pea 
‘oku fakafiemalie kia au. 
5.Lolotonga ‘a e fekumi ko eni ko e ngaahi me’a eni ‘oku fiema’u mei hoku ‘uhiki:-‘Oku 
fakafuofua ki he miniti e 20 ‘e mavahe ai mei he loki ako ke fakakakato ‘a e ngaahi sivi ki 
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hono telinga ‘i ‘apiako pe.-Fakamatala fekau’aki mo hono hingoa, kalasi, tamasi’I pe ta’ahine, 
‘aho fa’ele’I moe kolo ‘oku nofo ai.-sivi hono telinga, ihu moe monga-Sivi faka’auliliki hono 
telinga pea kapau ‘oku ‘I ai ha te’etuli pe ha me’a na’e mono ki loto pe pela tenau fai e ngaue 
ki ai ke fakama’a ia.  
 
-‘E sivi mo ‘ene fanongo ‘aki e ngaahi me’a ngaue mo faitaa’i ‘a loto honotelinga. 

-Kapau ‘e ‘i ai ha palopalema ‘i he telinga ‘oku ‘i ai pe ‘a e toketa ki he telinga tene fai ‘a e 
ngaue ki ai pea kapau ‘e fiema’u ke toe sio ki he kiliniki telinga ‘iVaiola te nau puka ‘a e taimi 
ke sio ai ki he kiliniki. Te nau ‘ave leva ‘a e ola‘ene sivi ki he kiliniki ke nau sio ki ai pea ko e 
taimi pe eni ‘oku mau tukuangeai ha fakamatala fekau’aki mo ho’o tama. 

6.’Oku ou ‘ilo ‘e ‘i ai e ngaahi ‘ata ‘o e telinga ‘e faitaa’i ke sio ki ai e toketa ki hetelinga pe ke 
fakapapau’i e tu’unga ‘oku ‘i ai e telinga. 
7.‘Oku ou ‘ilo ‘oku tau’ataina pe ke kau atu hoku ‘uhiki ki he fekumi ko eni pea ‘oku‘ataa pe 
ke mavahe mai mei he fekumi ko eni ha fa’ahinga taimi pe ‘o ‘ikai toefiema’u ha fakamatala 
pea he ‘ikai ha’ane kaunga kovi ki ai. Pea ‘oku ‘ataa pe ke keto’o ha ngaahi fakamatala na’e 
‘osi tanaki fekau’aki mo ho tama. 
8.‘Oku ou ‘ilo ko e ngaahi fakamatala kotoa pe ‘e tauhi ia ‘i he ‘Univesiti ‘oMelipoane pea ‘e 
tamate’i kotoa ia ‘i he hili ha ta’u e fitu kakato 'a e feinga ako.fekumi ko eni. . 
9.Kuo ‘osi fakaha mai ko e ngaahi fakamatala fakapulipuli kotoa pe ‘e malu’i fakalaoia pea 
koe fakamatala kotoa pe ‘e malu’i’aki ia ha hingoa fakapulipuli pea koetokotaha fekumi pe 
‘oku ‘oku ne ‘ilo ki ai. 
10.‘Oku ou ‘ilo ko ‘ene ‘osi pe ‘eku fakamo’oni he tohi ‘e fakafoki ‘o tauhi ia hetokotaha ‘oku 
ne fai ‘a e fekumi. 
____________________________________________ Date: __________________  
Fakamo’oni hingoa ‘a e matu’a pe tauhi  
Email: _____________________________________ (fa’iteliha pe) 
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