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ABSTRACT

Background/Aim: The association between ear problems and traumatic dental injuries (TDIs) has not been examined in lon-
gitudinal cohort studies. The study aimed to estimate the effect of ear problems on TDIs in primary and permanent teeth among
Australian Indigenous children.

Methods: The Longitudinal Study of Indigenous Children is a study of two representative cohorts of Indigenous Australian chil-
dren, aged from 6 months to 2years (baby cohort) or from 3.5 to Syears (child cohort) at baseline (2008). The children's mother/
primary carer undertook a face-to-face interview in 2008, repeated annually for the next 9years. Ear problems included runny
ears, perforated eardrum, total deafness, deaf in one ear, hearing loss/partially deaf, and other ear problems. TDIs were teeth
and oral soft and hard tissue injuries. Multivariate survival analysis using Cox proportional regression models estimated hazards
ratio (HR) were used in the analysis.

Results: A total of 870 from baby cohort and 668 from child cohort Indigenous children, who had no TDIs at baseline were
included in the analysis. The prevalence of TDIs was 9.2%, 11.1%, and 6.6% in the total, baby, and child cohorts, respectively.
Multivariable models for TDIs indicate children with ear problems had nearly four times (total: HR =3.72, 95% CI: 1.82-6.77),
five times (baby cohort: HR =4.76, 95% CI: 1.59-11.63), and more than 15 times (child cohort: HR=16.2, 95% CI: 4.78-49.28) the
average hazard over time, than those without ear problems. After adjusting for all covariates, children with ear problems had
more than 22 times (HR =22.03, 95% CI: 4.50-87.07) TDIs than those without ear problems in the child cohort. Mothers/primary
carers with lower educational level was positively associated with the incidence of TDIs.

Conclusion: Ear problems were a risk indicator for the increased incidence of TDIs in two large cohorts of Indigenous Australian
children. Mothers/primary carers’ educational level was a significant risk factor for TDIs.

1 | Introduction

Traumatic dental injuries (TDIs) are injuries to the teeth and/
or other soft and hard tissues within and around the vicinity of
the mouth and oral cavity, which the annual incidence of dental
trauma globally was 4.5%, with 22.7% primary teeth prevalence
(children and toddlers) and 15.2% permanent teeth prevalence
(adolescents and adults) [1, 2]. TDIs are the fifth most prevalent

disease or injury after dental caries, tension-type headache,
iron-deficiency anemia, age-related, and other hearing loss
[2, 3]. In Australia, the prevalence of TDIs has been reported to
be 6% [4, 5].

Traumatic dental injury is an emergency oral health prob-
lem in both children and adolescents, resulting from minor
tooth fracture to extensive dentoalveolar damage [6]. Luxation
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injuries are the most common TDIs in primary dentition,
whereas crown fractures are more commonly reported for the
permanent teeth [6]. The most frequent causes of TDIs are ac-
cidental falls at the global and Australian level. Other causes
include sport, bicycling, and traffic accidents [1, 7]. Boys ex-
perienced significantly more dental injuries to the permanent
teeth than girls [7]. TDIs not only lead to tooth lesions caus-
ing aesthetic problems but also have social, psychological, and
therapeutic impacts. For these reasons, the negative effect, on
oral health-related quality of life (OHRQoL) has been recog-
nized [8].

Indigenous Australians are people who identify as being of
Aboriginal and/or Torres Strait Islander descent. Indigenous
children, an estimated 278,000, represent more than one-third
of the Indigenous population (34%) and make up 5.9% of the
total child population in Australia [9]. Indigenous children
suffer from more caries, gingivitis, and tooth loss than non-
Indigenous children [10-12]. TDIs are one of the risk factors
contributing to tooth loss because tooth extraction (nearly
50%) was the most frequent treatment of TDIs in the primary
teeth [8].

Ear problems, such as “otitis media with effusion (OME)” or
“glue ear”—an infection of the external ear in children, are con-
sidered a common cause of balance instabilities and movement

disorganization [13, 14], which may cause falls and lead to TDIs.
However, the long-term effect of ear problems on TDIs has not
been investigated. The aim of this study was to estimate the ef-
fect of ear problems on TDIs in primary and permanent teeth
among Australian Indigenous Children.

2 | Methods
2.1 | Study Design and Sample Size

Data were obtained from the Longitudinal Study of Indigenous
Children (LSIC) [15]. LSIC is a longitudinal study of two repre-
sentative cohorts of Indigenous Australian children, aged from
6months to 2years (baby cohort) or from 3.5 to Syears (child
cohort) at baseline (2008), and annual follow-ups until 2024 (see
Figure 1).

2.2 | Data Collection

The child's mother/primary caregiver consented to and under-
took a face-to-face interview at baseline in 2008 and repeated
annually for the next 16years. New participants were added to
the study in 2009. All data were self-report, with questionnaires
including household demographics, and child health (including
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FIGURE1 | Flow chart of the Longitudinal Study of Indigenous Children (LSIC).
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dental health and other health conditions, such as ears, eyes,
—~ and disability status).
$6) 223 333¢
ix| 582 d9¢z
wn A e} .
8 S ¢ g ) 2.3 | Variables
5 R QAo A o a4 = N
g E a coee e e The outcome was TDIs. This variable was.from the quesftion.
i Has the study child ever had “accident-causing bre"alfage o“ os,s’
g 5 of teeth” or “dental injury”? This variable was classified as “yes
L) | -
E 2 &5 7 9 e a9 or “no.” Survival times were the age (months) of the first trau
£ g ¥ 84 Tq D matic dental injury.
3 - A G T A )
Q . . q a S = o _
g g g E‘i iﬁ/ c oo e The exposure variable was ear problems, and wa.s from the ques
S % 2 o ‘?i % & S R tion “Has the study child ever had a problem with ears or hear-
5 v eA o ing? (1) runny ears, (2) perforated eardrum, (3) total deafness, (4)
< deaf in one ear, (5) hearing loss/partially deaf, and (6) othe;s.t
€ e a9 : rs
a w I x v This variable was grouped “yes” or “no.” The qu'estl(;n was 1e )
= § SR “ S asked at wave 3 (2010) and was not asked again after wa\lf'
follow-up (2016). Therefore, the study used data from pis’(; ];rie
- d study children wit S
" 2008) to wave 9 follow-ups (2016) an
g 8 ﬁ ﬁ i’ ; 2 SI 2 before wave 3 were excluded in data analysis.
Q — = I I
& 3 I I I ﬂ: S . T . _
E S ¥ S % 3 g.’ g < Covariates included a study child's and mother/primary care
S3 f :5 2 s o ; 3 giver's baseline characteristics. Children's variables 1nc.1ude‘:‘d”sex
g E a s = A0S (“boy” vs. “girl”), number of birth/children in the family (“1 10é
i ”), bi “1-2,” “3,” or “>4”), and other general healt
i “>2"), birth order (“1-2,” “3,” or “> )
g 5 condition: eye problems and disability. Eye problen:) lvvas fr9$
] 2 ion: “ i any problems wi
E Lg ) = 8- EEN the question: “Has the study child ev.er haq y p )
b 5 fection, (3) cataracts, (:
£ S . 8 % o9 eyes or eyesight? (1) lazy eye, (2) eye in ection, ¢ &
: g s : 2 c o9 s o glaucoma, and (5) totally/partially blind in one or both eyes "
£ s S g 5 é é S 2 was dichotomised into ‘yes’ or ‘no’.” Disability wa'm from t 1e
& % \C_’-/ e~ N Rt ¥ question: “Has the study child had a disability?” (1) 1nt((egect1111as,
¥ . . . _
2 + o0 AQ - N N (2) specific learning, (3) autism spectrum .dISiOI'(;EI‘, eec{)l }(’8)
g ical, (5) acquired brain injury, (6) neurological, (7) sp b, (8)
: i i i i “yes” or “no.
N O T o psychiatric, and (9) other and dlch?tomlsed 1nt0. y or o
2 &K = 8 & = rimary caregiver's baseline characteristics inclu ’
2z A N o~ - Q& & Mother/ p y © chat NPy
resident location (“regional areas” vs. “major 01'ty octo
g Economic Indexes for Areas (SEIFA) s.corei Whlfl: We;.e C af,solr
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: 2 = 2‘ 7 7 A - “high”), and the highest education level (“<9years,” “10years,
I g ’ 9
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55| S xa TS 333
g8 S S ¢ 3 s g =
E |l © g © © =5 5 = g
B 2.4 | Statistical Analysis
g ’z‘; . . .
§ 8 S The analysis began with the computation of univariate statis-
Yan) Yon) Yany ~ ™~ E,; ]
‘ﬁ‘ & g E i ; ; g g s tics describing the frequency and percentage of samplf: char
= a 173 5 E :E g < acteristics, and associated prevalence of TDIs, along with 95%
S g <5 g gl e i . The mean
i G 3 g 2 2 8 & 8 % confidence intervals (CI) by baby a.n.d child cohorts T nean
‘E ?:/ S 2 ! : \; g survival times and survival probability were als.o estimated fo
5 @ = S SRR % both cohorts. Multivariable survival analyslls using Cox gro;;Qr—
: g ional regression of time to TDIs models estimated hazard ratios
i : (1R W by computin
g (HR). We started with the crude model (Model 1) by comp g
& ’ . .
el © a «® 3 univariate Cox analysis for relationships of ear problems an
= S . a1 e _
§ = % § E SR 3 TDIs; the study child's eye and disability (':OI'ldltlonS weredefl
E £ tered in Model 2; children's other characteristics were add.eblln
—_ < '
§ % a 2 Model 3, and the full model (Model 4) comprised all covariables
_ = S m N ’ ' Py
B g § 2 @ § % g (adding mothers' characteristics).
< = s 3 & & 2|5
- 3 'Q g 2 !2 . . . re
- § % - 5 S g ‘T* % g Data analyses were performed using SAS statistical softwa
: a Sl & T § (SAS 9.4, SAS Institute Inc., Cary, NC, USA).
=
Dental Traumatology, 2024
40f 10

. . . - 1y | ‘0"
0 K. al fo ‘fis RO b TTT'0T/I0P/W0D AB| 1M Are.q 1 Ul |UO//SANY WO} PEPEO JUMOC L T
. ul 1M ‘Asieaun D Y1p3 Aq 88621 109/ P/
[rzoz/60/c2] U0 Ariq) 1luo A3
1 A0D 9fe SaRILe YO ‘8sn Jo sa|n Jo. q178u | ¥ 'Are.qj1puI|UO//:SANY) SUORIPUOD PUe SWS | 81 39S *[i7 o] 0 ‘2596009
1] K Aee. £8]1/\\ UO (SUO1IPUOD-PUR-SULLIBHWIOD AS [IM | Aq
[or /O 88N Jo's8|n 1oy Arelq! 1uo 71y, d
85UBD17 SLUOWIWOD) dAI81D) 3 et |dde ay) Aq paue.



3 | Results

From 2008 to 2016, there were 1759 study children (1000 from
baby cohort and 759 from child cohort), yielding 1720 (97.8%)
children whose primary caregiver was their birth mother and
who completed the face-to-face interview. In total, 1538 of 1720
study children had no dental injury at baseline and second year's
follow-up (870 from baby cohort and 668 from child cohort). The
age range of the baby cohort was 8.5-10years, and the child co-
hort was 11.5-13years.

Table 1 presents the sample characteristics, including primary
caregiver's characteristics, and study child’s birth character-
istics and health conditions. A higher proportion were the
first-born child (more than 98%) and one to two of birth order
in the family among total, baby and kid cohorts’ children. A
high proportion did not have ear and eye problems or disabil-
ities among the total sample (94.8%, 98.0%, and 99.3%), baby
cohort (94.1%, 97.5%, and 99.2%), and child cohort (95.7%,
98.8%, and 99.6%), respectively. A high proportion of mothers

had low SEIFA scores (about 45%) and had an education level
>12years (around 25%) in total and both baby and child co-
horts, respectively.

The prevalence of TDIs was 9.2%, 11.1%, and 6.6% in the total,
baby, and child cohorts, respectively. The prevalence of TDIs in
those without ear and eye problems and disability were 87.5%,
90.0%, and 90.0%, respectively, among the total cohort, and
90.2%, 95.5%, and 85.7%, respectively, among the baby cohort,
and 82.8%, 75.0%, and 100%, respectively, among the child co-
hort (Table 1).

The average survival times of TDIs were 91.7, 82.4, and
112.4months in total, baby, and child cohorts, respectively
(Table 2). Figure 2 shows the survival curves for total (Figure 2a)
and baby and child cohorts (Figure 2b). In Figure 2a, it appears the
probability of surviving beyond 150 months is a little <0.1, which
confirms that the probability of surviving 150months or fewer
is a little more than 0.9. In Figure 2b, the blue curves (baby co-
hort) show that the probability of a TDI occurring (TDI survival)

TABLE 2 | Mean survival times (months) had TDIs among Indigenous children.

Minimum Maximum Mean (95% CI)

All

All 29 178 91.7 (86.0-97.5)

Baby cohort 29 142 82.4 (76.3-88.5)

Child cohort 70 178 112.4 (102.0-122.8)
Had ear problem

All 29 138 85.1(79.4-90.9)

Baby cohort 29 113 76.7 (70.4-82.9)

Child cohort 70 138 101.4 (92.8-110.1)
No ear problem

All 31 178 98.3 (88.5-108.0)

Baby cohort 31 142 87.5(77.5-97.6)

Child cohort 79 178 125.6 (105.7-145.4)

Abbreviation: TDIs, traumatic dental injuries.

Product-Limit Survival Estimate
With Number of Subjects at Risk

0.8

0.6

Sunival Probability

0.4

0.0
AtRisk 141 123 a5 o o

[} 50 100 150 200
Age had TDI (months)
Total cohort _

Product-Limit Survival Estimates
With Number of Subjects at Risk

08

04

Survival Probability

0.0

50 100 150 200
Age had TDI (months)
Cohort group 1=Baby 2= Child’

b

o

FIGURE2 | Plots of Kaplan-Meier product limit estimate of survival probability in Indigenous Australian children.
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TABLE 3 | Cox regression models for TDIs among Indigenous Australia children (hazard ratio [HR] and 95% CI).

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Model 4
HR (95% CI)

Ear problem
Yes
No
Eye problem
Yes
No
Disabilities
Yes
No
Gender

Boy

3.72 (1.82-6.77)
Ref

4.70 (1.14-13.0)
Ref

4.71(0.27-21.55)

3.17 (1.32-6.39)
Ref

1.76 (0.38-6.10)
Ref

1.58 (0.09-8.51)
Ref

2.70 (0.91-6.21)
Ref

1.48 (0.21-6.56)
Ref

2.18 (0.12-12.9)
Ref

0.99 (0.86-1.13)

2.68 (0.88-6.31)
Ref

1.63(0.23-7.65)
Ref

4.23(0.22-27.57)
Ref

1.02 (0.88-1.18)

Girl
No. of birth
>2
1
Birth order
>4
3
1-2
Location
Regional areas
Major city
SEIFA
Low
Medium
High
Education level
<9years
10years
11-12years

>12years

Ref Ref
0.96 (0.56-1.52) 0.97 (0.56-1.54)
Ref Ref
1.12 (0.95-1.31) 1.11 (0.94-1.32)
0.94 (0.78-1.14)
Ref Ref

0.96 (0.80-1.15)

0.93 (0.80-1.08)
Ref

1.02 (0.84-1.23)
0.97 (0.80-1.18)
Ref

1.28 (1.01-1.62)

1.09 (0.89-1.33)

1.06 (0.87-1.28)
Ref

Note: Model 1: univariate cox analysis for relationships of ear problems and TDIs; Model 2: plus adjusting for study child's eye and disability conditions; Model 3: Model
2 plus adjusting for children's other characteristics; Model 4 (Full model): model 3 plus adjusting for mothers’ characteristics.
Abbreviations: SEIFA, Socio-Economic Indexes for Areas; TDIs, traumatic dental injuries.

beyond 100months is a little <0.2, which is confirmed that the
probability of TDI survival at 100 months or fewer is a little more
than 0.8. The red curves (child cohort) show that the probability
of surviving beyond 150months is a little more than 0.2, which
confirms that the probability of surviving 150 months or fewer is a
little more than 0.8. The results indicated that the surviving prob-
ability was higher in child cohort than was in baby cohort.

Tables 3-5 present multivariable Cox regression models for
TDIs. Children with ear problems had nearly four times
(total: HR=3.72, 95% CI: 1.82-6.77), four times (baby cohort:
HR =4.76, 95% CI: 1.59-11.63), and more than 15 times (child
cohort: HR=16.2, 95% CI: 4.78-49.28) the average hazard over
time, than those without ear problems. After adjusting for all
covariates, children with ear problems had more than 22 times
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TABLE 4 | Coxregression models for TDIs among baby cohort of Indigenous Australia children (hazard ratio [HR] and 95% CI).

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Model 4
HR (95% CI)

Ear problem
Yes
No
Eye problem
Yes
No
Disabilities
Yes
No
Gender
Boy
Girl
No. of birth
>2
1
Birth order
>4
3
1-2
Location
Regional areas
Major city
SEIFA
Low
Medium
High
Education level
<9years
10years
11-12years

>12years

4.76 (1.59-11.63)
Ref

2.10 (0.12-10.20)

8.6 (0.48-42.7)
Ref

4.86 (1.30-13.30)
Ref

0.56 (0.03-3.65)
Ref

2.51 (0.13-16.63)
Ref

2.55(0.35-10.36)
Ref

1.03 (0.05-8.77)
Ref

3.87 (0.18-34.0)
Ref

1.07 (0.89-1.28)
Ref

0.86 (0.36-1.68)
Ref

1.06 (0.85-1.30)
0.82 (0.64-1.04)
Ref

2.61 (0.33-11.50)
Ref

1.32 (0.06-13.59)
Ref

4.50 (0.20-47.93)
Ref

1.09 (0.89-1.33)
Ref

0.88 (0.37-1.74)
Ref

1.08 (0.86-1.36)
0.82 (0.63-1.06)
Ref

0.92 (0.75-1.13)
Ref

0.99 (0.77-1.28)
0.96 (0.75-1.25)
Ref

1.07 (0.78-1.45)

1.26 (0.96-1.66)

1.29 (0.98-1.68)
Ref

Note: Model 1: univariate cox analysis for relationships of ear problems and TDIs; Model 2: plus adjusting for study child's eye and disability conditions; Model 3: Model
2 plus adjusting for children's other characteristics; Model 4 (Full model): model 3 plus adjusting for mothers’ characteristics.
Abbreviations: SEIFA, Socio-Economic Indexes for Areas; TDIs, traumatic dental injuries.

(HR=22.03, 95% CI: 4.50-87.07) TDIs than those without ear
problems in the child cohort only (Table 3). Mothers/primary
carers with the lowest educational level (<9years) had 1.3 and
1.5 times higher incidence of TDIs than mothers with the high-
est education level (>12years) in total and child cohort, respec-
tively (Tables 3 and 5).

4 | Discussion

To the best of our knowledge, this study is the first to investigate
associations between ear problems and TDIs among Indigenous
Australian children. Our findings indicated that the prevalence
of TDIs was nearly two times higher among younger children
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TABLE 5 | Cox regression models for TDIs among child cohort of Indigenous Australian children (hazard ratio [HR] and 95% CI).

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Model 4
HR (95% CI)

Ear problem
Yes
No
Eye problem
Yes
No
Disabilities
Yes
No
Gender
Boy
Girl
No. of birth
>2
1
Birth order
>4
3
1-2
Location
Regional areas
Major city
SEIFA
Low
Medium
High
Education level
<9years
10years
11-12years

>12years

16.2 (4.78-49.28)
Ref

18.5(2.78-73.80)
Ref

13.83 (3.09-47.36)

Ref

2.24(0.30-13.03)
Ref

0.0 (0.0-8.75)
Ref

23.37 (4.77-92.27)

Ref

1.01 (0.05-7.85)
Ref

0.0 (0.0-8.54)
Ref

0.95 (0.77-1.17)
Ref

1.18 (0.56-2.17)
Ref

0.95 (0.73-1.22)
0.82 (0.61-1.09)
Ref

22.03 (4.50-87.07)

Ref

0.95 (0.05-7.44)
Ref

0.0 (0.0-19.95)
Ref

1.04 (0.83-1.30)
Ref

1.12 (0.53-2.07)
Ref

0.95 (0.72-1.24)
0.82 (0.60-1.10)
Ref

0.94 (0.74-1.20)
Ref

0.99 (0.75-1.32)
0.87 (0.65-1.17)
Ref

1.53 (1.04-2.23)

1.02 (0.75-1.40)

1.14 (0.86-1.52)
Ref

Note: Model 1: univariate cox analysis for relationships of ear problems and TDIs; Model 2: plus adjusting for study child's eye and disability conditions; Model 3: Model
2 plus adjusting for children's other characteristics; Model 4 (Full model): model 3 plus adjusting for mothers’ characteristics.
Abbreviations: SEIFA, Socio-Economic Indexes for Areas; TDIs, traumatic dental injuries.

(baby cohort) than older children (child cohort). Children with
ear problems had a higher risk of TDIs than those without ear
problems in both baby and child cohorts, in particular children
in child cohort up to more than 20 times after adjusting for other
health problems and covariates. Low education level among car-
ers was also positively associated with TDIs.

Our findings demonstrated that ear problems are important risk
factors for TDIs. One possible mechanism is that ear infections,
such as chronic OME, have been identified as a principal cause
of balance instabilities and vertigo in children, resulting in falls
and TDIs [13]. If chronic OME lasts for more than 3 months,
about 25% of children would lose their hearing [14]. Hearing loss
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is another risk factor for falls, due to its effects on balance [16].
Hearing loss makes people less aware of their surroundings,
decreases spatial awareness, or causes the brain to use more
resources for hearing and interpreting speech and sound, result-
ing in body imbalance and falls.

Our findings were similar with previous studies [8, 17] that den-
tal injuries were more frequent among 8- to 10-year-old children.
TDIs are one of the most serious oral health problems among
children, not only causing tooth lesions and even loss, leading
to possible negative outcomes (such as chewing problems and
pronunciation); but also affecting social and psychological
health, such as difficulties with social interaction, avoidance of
smiling and laughing and not talking to other children [8, 18].
Ultimately, OHRQoL deteriorates. In addition, our study found
that children's TDIs associated with their mothers’ low edu-
cational attainment. This may be because carers with less ed-
ucational attainment may have low general and/or oral health
literacy [19], resulting in delay in obtaining dental emergency
care [17]. Also, children whose mother with low socioeconomic
status (SES) have more ear problems (such as ear infections and
hearing loss), therefore they have more TDIs [20, 21]. At the
same time, it is inevitable that racial discrimination may play an
important role in mothers/primary carers not going to a doctor
when their children suffered from ear problems, or not access-
ing a dentist at the time of TDIs due to distrust in public health/
dental services [22], eventually, ear problems get worse or more
TDIs occur, lead to more tooth loss or extractions. Therefore,
dental first aid training for mothers/caregivers is essential, as
well as letting them know to obtain emergency dental care im-
mediately after sustaining TDIs.

The strengths of the study included: (1) being the first time in
Australia to investigate the association between ear problems
and TDIs and (2) longitudinal cohort study design with large
sample size and different cohorts were estimated and compared.
The latter enriched and increased the reliability of our findings
and provided important evidence to clinicians and policymak-
ers. Limitation of the study was the lack of clinical examination
data. Self-reported data collection relies on recall so this may be
over- or under-estimated. However, the longitudinal study de-
sign with annually asking the same questions might reduce this
recall bias.

5 | Conclusion

Ear problems were a risk indicator for the increased incidence
of TDIs in two large cohorts of Indigenous Australian children.
Low educational attainment of primary carers was an additional
risk factor for TDIs.
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