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Abstract: Background: To assess the effect of individualized oral health care training (IndOHCT)
administered to 6–16-year-old psychiatric in-patients on dental plaque removal. Methods: 74 in-
patients with mental health disorders (49 males) aged 6–16 years with a mean age of 10.4 ± 2.3 years,
were randomly divided into two equal groups. At the start of hospitalization, one calibrated dentist
assessed the oral health status in the hospital setting. In-patients of the intervention group (IG)
received IndOHCT, while those of the control group (CG) got an information flyer. Dental plaque
was assessed by the Turesky modified Quigley-Hein-Index (TI) at the start (t0) and at the end of hos-
pitalization before (t1a) and after (t1b) autonomous tooth brushing. Results: During hospitalisation,
the TI was reduced in both groups (t0→t1a: IG = −0.1; CG = −0.2, p = 0.71). However, in-patients
receiving IndOHCT achieved significantly higher plaque reduction rates than the controls when
plaque values before and after autonomous tooth brushing were compared (t1a→t1b: IG = −1.0;
CG = −0.8; p = 0.02). The effect size (ES) demonstrates the efficacy of IndOHCT (ES = 0.53), especially
in children with mixed dentition (ES = 0.89). Conclusions: IndOHCT enabled hospitalized children
and adolescents with mental health disorders to achieve a better plaque reduction by tooth brushing
but failed to improve self-controlled routine oral hygiene.

Keywords: toothbrushing; dental plaque; child; adolescent; mental disorders; motivational interview;
oral health

1. Introduction

Patients with mental health disorders might be more susceptible to oral health prob-
lems than the general population due to several risk factors: a lack of motivation for
self-care and oral hygiene, xerostomia caused by psychiatric medications, as well as fear
and difficulty in accessing oral healthcare services [1–3]. Concomitantly, dentists experi-
ence high levels of their own psychological distress when treating children or adolescents
with psycho-emotional disorders [4]. Children with mental health disorders are 85–93%
more likely to experience oral health problems compared to those without mental health
disorders [5]. Furthermore, adverse childhood experiences, like child abuse and neglect,
parental divorce, domestic violence, caregiver mental illness, exposure to drug abuse, or
struggle with family income, were identified as toxic stressors and associated with poor
oral health in children and adolescents [6,7]. There is evidence that adults with mental
health disorders are at a higher risk of caries, periodontal disease, and poor oral hygiene
than the general population [8,9]. Since mental health problems and disorders occurring
during childhood often persist in adulthood [10], intensive preventive oral health care
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in children and adolescents with psychiatric disorders might reduce the burden of oral
diseases in adults.

In Europe, 9.9% of all schoolchildren require mental health care [11]. In Germany, the
published prevalence of psycho-emotional disorders ranges between 8.6% [12], 16.9% [13],
and 28% [14]. Despite this considerable prevalence, literature regarding oral health in
children and adolescents with mental health disorders is scarce and targeted mainly on
those with attention deficit hyperactivity disorder (ADHD) and autism spectrum disorder
(ASD). Inconsistent data is available about children and adolescents with ADHD, revealing
a higher caries prevalence [15–18], a higher prevalence of gingivitis [16], no differences in
dmft/DMFT Index [19], but more neglected oral hygiene [17,19] than peers without ADHD.
Furthermore, children and adolescents with ASD have a higher prevalence of caries and
gingivitis [20–22] due to neglected oral hygiene compared to healthy peers.

Dental plaque reduction has consistently been recognized as an indispensable element
of preventing gingivitis and dental caries [23]. The recommendation of regular tooth
brushing with fluoridated toothpaste at least twice daily as a basic preventive measure is
based on extensive evidence [24]. Nevertheless, the reliable execution of meticulous oral
hygiene cannot always be assured, especially in hospitalized children [25,26]. In a hospital
setting, the focus on the patients’ primary medical condition might overshadow oral health
care needs [27]. However, hospitalization also provides the opportunity to reach children
and adolescents at risk for poor oral health. In this setting, oral health education and
guidance might be provided individually within a controlled and trustworthy environment.

Oral health education focussing solely on oral health literacy has been demonstrated
to have little effect on improving oral health or oral health behaviour [28]. However, moti-
vational interviewing techniques increased that effect [29–31]. More pragmatic approaches
focusing on improving individual tooth brushing skills by guided training were imple-
mented successfully [32]. Therefore, the oral health care training provided to children
and adolescents hospitalized with psychiatric disorders was individualized and focussed
to the specific personal oral health conditions. Priority was given to practically train
tooth-brushing skills in a motivational approach.

The aim of this study was to assess the effect of the individual oral health care training
(IndOHCT) given to 6–16-year-old in-patients hospitalized with mental health disorders on
dental plaque removal. Three working hypotheses were tested. 1. The oral hygiene status
of child and adolescent in-patients with mental health disorders receiving IndOHCT at the
start of hospitalization is better at the end of hospitalization than the oral hygiene of those
not trained. 2. Child and adolescent in-patients with mental health disorders receiving
IndOHCT achieve higher plaque reduction rates by tooth brushing compared to those not
trained. 3. The efficacy of IndOHCT is independent of the patient’s particular psychiatric
diagnosis.

2. Materials and Methods

This randomized unblinded clinical controlled study was conducted from 05/2013
to 11/2014 at the Department of Child and Adolescent Psychiatry, Psychotherapy, and
Psychosomatics, Jena University Hospital, Germany.

2.1. Study Population

Study-participation was open to all newly admitted in-patients aged 6–17 years and
offered at hospital admission. Eighty-one children agreed to participate in this study.
The dropout rate was 8.6% (n = 7). One patient refused further participation after initial
consent and six patients left the hospital prematurely. Finally, 74 hospitalized children and
adolescents aged six to 16 years (male = 49, mean age: 10.4 ± 2.3 years) with mixed and
permanent dentitions were included, amounting to 21.7% of all new admitted in-patients
during the study period (n = 341), (Figure 1).
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Figure 1. Study design.

In-patients were divided into two equal groups by a simple randomization list gener-
ated by a statistician: an intervention group (IG) and a control group (CG).

A sample size calculation was performed to estimate the number of in-patients neces-
sary to observe a significant plaque reduction after IndOHCT compared to a non-trained
control group with 80% power and alpha = 0.05 tested by a two-sided t-test. It was esti-
mated that plaque reduction by 1.0 point of the Turesky index is clinically relevant. The
required sample size per group was 37 to prove the superiority of the IndOHCT. Statistical
analysis of the disorder subgroups was performed if a minimum of five in-patients were
available for inclusion.

The statistical analysis included those patients whose data could be collected at all
three assessment time points. In-patients were enrolled until the estimated sample size was
reached.
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2.2. Medical Data Collection

Mental disorders and medications of the in-patients were collected from the medical
records after the completion of the study. Mental health disorders were diagnosed according
to the multiaxial diagnostic pattern of the international statistical classification of diseases
and health related problems (ICD-10) and the diagnostic and statistical manual of mental
disorders (DSM-IV). In-patients with more than one mental health disorder or medication
were included in each applicable disorder subgroup.

2.3. Oral Examinations

All in-patients were orally examined within the first week after admission to the
hospital and three to four days before dismissal from the hospital. The examinations were
performed by one dentist (BB) using a standard ball-end probe and an illuminated mirror
(DenLite©, Miltex, Skaneateles Falls, NY, USA) between 8:30 and 11:00 am in a separate
examination room at the hospital. The in-patients sat on a chair or examination bed. Teeth
were dried with cotton rolls. No radiographs were available.

Dental plaque was scored by the Turesky modified Quigley-Hein Index (TI) [33] after
staining all surfaces of the teeth with Rondells Blue© (Directa, Upplands Väsby, Sweden).
Caries was recorded by the dmft/DMFT index [34] and gingival health by the periodontal
screening index (PSI) [35] after tooth brushing. The TI was determined three times: at
the first oral examination after admission to hospital before tooth brushing (t0), and two
times at the second examination before dismissal from the hospital, and before (t1a) and
after autonomous tooth brushing (t1b). The mean time span between the first and second
examination was 23.2 ± 6.9 days.

This studie’s primary outcome parameter was the difference of TI values between the
IG and CG for two situations: (a) at the start and at the end of hospitalization and (b) before
and after autonomous tooth brushing. The prevalence and experience of dental caries and
gingivitis were recorded to characterize the oral health status of the study population.

Before the examinations, the examiner (BB) was calibrated by an experienced dentist
and epidemiologist (IMS). The inter- and intra-examiner reproducibility of TI values were
assessed with kappa (k) statistics. The inter-examiner reproducibility was 0.92. The intra-
examiner reproducibility were 0.95 (BB) and 0.97 (IMS).

2.4. Intervention

In-patients of the IG received IndOHCT after the first oral examination. This training
included three elements: oral health information, motivation towards oral health bene-
fits, and practical tooth brushing exercises. Information provided included the patient’s
individual oral health and oral hygiene status, as well as the aetiology and consequences
of dental plaque, gingivitis, and caries. The reason for the recommended frequency and
duration of tooth brushing was explained. The time spent on conversation amounted
to approximatively 10–15 min. After the plaque revelation with the staining agent, the
dentist first observed the in-patients while brushing their teeth as they usually do without
interference. Then, with help of the dentist, the in-patient discovered insufficiently cleaned
tooth surfaces, visible due to the remaining staining agent. For those surfaces, alternative
brushing methods were explored, tested, and trained. This IndOHCT was conducted in a
collaborative, patient-centred, and goal directed form with the aim to elicit and strengthen
the in-patients´ intrinsic motivation for change. Strengths and deficiencies in teeth brushing
techniques were reflected in an age-related conversation, questions were explored, advice
was given, and goals were set.

All in-patients of the CG received an identical information flyer [36] after the oral
examination. Neither counselling nor tooth brushing training were provided.

During hospitalization, all in-patients performed self-controlled oral hygiene. No
oral hygiene related instructions were given to the medical staff, nurses, or parents/legal
guardians.
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2.5. Data Analysis

The t-test for the analysis of mean values and the Fisher´s exact test for categorical
data were applied using SPSS for Windows (Statistical Package for Social Science, Version
22.0). The effect size (Cohen´s d) was calculated to demonstrate the effect of IndOHCT on
plaque reduction and was categorized as small (≤0.4), medium (0.5–0.7), or large effect size
ES (≥0.8) [37]. The level of significance was set at p ≤ 0.05 and no correction for multiple
analyses was applied.

3. Results
3.1. Demographic Data

Table 1 presents the demographic characteristics age, gender, and dentition in the
study population. All children and adolescents had at least one permanent tooth.

Table 1. Demographic characteristics of the study population, intervention group (IG), and control
group (CG).

Demographical Characteristics IG CG All

Male (n, %) 23
(62.2%)

26
(70.3%)

49
(66.2%)

Female (n, %) 14
(37.8%)

11
(29.7%)

25
(33.8%)

Age in years (Mean ± SD) 10.7
(2.5)

10.2
(2.0)

10.4
(2.3)

In-patients aged 6–11 years (n, %) 22
(59.4%)

26
(70.3%)

48
(64.9%)

In-patients aged 12–16 years (n, %) 15
(40.5%)

11
(29.7%)

26
(35.1%)

In-patients with mixed dentition (n, %) 20
(54.1%)

26
(70.3%)

46
(62.2%)

In-patients with permanent dentitions (n, %) 17
(45.9%)

11
(29.7%)

28
(37.8%)

3.2. Oral Health

Table 2 displays the oral health parameters of the study population observed at the
first examination. Children and adolescents hospitalized with mental health disorders
demonstrated a higher caries prevalence and experience in the primary dentition than in
the permanent dentition, while gingivitis prevalence and dental plaque scores were higher
in the permanent than in the primary dentition.

Table 2. Oral health in child and adolescent psychiatric in-patients at the beginning (t0).

n
Patients

(%)

Caries
Prevalence

(%)
dmft > 0
(95% CI)

Untreated
Caries

Prevalence
(%)

d > 0
(95% CI)

dmft
(SD)

dt
(SD)

Gingivitis
Prevalence

(%)
PSI > 0

(95% CI)

PSI
(SD)

Dental
Plaque
TI at t0

(SD)

Primary
teeth

46
(100.0)

84.8
(73.9–93.5)

67.4
(54.4–80.4)

3.6
(2.8)

1. 8
(2.0)

50.0
(34.8–65.2)

0.2
(0.2)

1.9
(0.5)

CG 26
(56.5)

88.5
(75.0–100.0)

65.4
(45. 5–83.9)

4.0
(3.1)

1.8
(2.3)

53.9
(34.8–71.0)

0.2
(0.2)

2.0
(0.5)

IG 20
(43.5)

80.0
(60.0–95.2)

70.0
(47.6–89.5)

3.1
(2.4)

1.8
(1.5)

45.0
(23.5–66.7)

0.2
(0.2)

1.8
(0.5)
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Table 2. Cont.

n
Patients

(%)

Caries
prevalence

(%)
DMFT > 0
(95% CI)

Untreated
caries

prevalence
(%)

D > 0
(95% CI)

DMFT
(SD)

DT
(SD)

Gingivitis
prevalence

(%)
PSI > 0

(95% CI)

PSI
(SD)

Dental
plaque
TI at t0

(SD)

Permanent
teeth

74
(100.0)

60.8
(50.0–71.6)

56.8
(44.6–68.9)

2.3
(2.8)

1.7
(2.2)

58.1
(47.3–68.9)

0.2
(0.2)

2.3
(0.5)

CG 37
(50.0)

62.2
(46.9–77.8)

56.8
(41.7–71.8)

2.4
(2.6)

1.7
(2.2)

59.5
(43.6–75.6)

0.2
(0.2)

2.4
(0.5)

IG 37
(50.0)

59.5
(40.6–75.0)

56.8
(41.4–72.2)

2.2
(3.0)

1.7
(2.3)

56.7
(41.5–73.0)

0.2
(0.2)

2.2
(0.5)

Untreated dental caries was detected in two thirds of the primary dentitions and more
than half of the permanent dentitions. More than half of all in-patients revealed gingivitis.
Periodontitis was not diagnosed in this cohort. There were no significant differences
between IG and CG in the prevalence and experience of dental caries, gingivitis, and dental
plaque.

3.3. Individualized Oral Health Care Training (IndOHCT)

Regardless of receiving the IndOHCT or not, both groups reduced their plaque values
at t1a in comparison to the baseline findings in both dentitions, but these reductions did
not reach statistical significance (Table 3).

Table 3. Dental plaque in child and adolescent psychiatric in-patients (IG vs. CG) at the beginning
(t0) and the end of hospitalization (t1a) with mixed and permanent dentitions.

In-Patients
n

Patients
CG/IG

TI at t0 TI at t1a

All
Mean
(SD)

CG
Mean
(SD)

IG
Mean
(SD)

p
All

Mean
(SD)

CG
Mean
(SD)

IG
Mean
(SD)

p

All 37/37 2.2
(0.5)

2.3
(0.5)

2.1
(0.5) 0.22 2.0

(0.5)
2.1

(0.5)
2.0

(0.5) 0.39

In-patients with
mixed dentition 26/20 2.2

(0.5)
2.2

(0.5)
2.1

(0.5) 0.35 2.0
(0.4)

2.1
(0.5)

2.0
(0.4) 0.53

In-patients with
permanent
dentition

11/17 2.2
(0.4)

2.3
(0.4)

2.2
(0.5) 0.34 2.0

(0.6)
2.1

(0.6)
2.0

(0.5) 0.56

Within the subgroups of psychiatric diagnoses and medication, there were also no
statistically significant differences in TI between IG and CG, except for in-patients with
abnormal educational conditions at the baseline (Table 4).

The effect of IndOHCT on tooth brushing efficacy was determined by comparing
plaque values before (t1a) and after (t1b) autonomous tooth brushing. In-patients of the IG
reached higher plaque reduction rates than those of the CG (p = 0.02) in both dentitions
(Table 5). The overall effect size of IndOHCT for plaque reduction was 0.53 (medium effect).
There was a large effect (ES = 0.89) on younger in-patients with mixed dentition and a very
small effect (ES = 0.04) on older in-patients.



Int. J. Environ. Res. Public Health 2022, 19, 15615 7 of 13

Table 4. Dental plaque in child and adolescent psychiatric in-patients (IG vs. CG) at the beginning
(t0) and the end of hospitalization (t1a) in different mental disorder groups.

Psychiatric Diagnosis,
Medication

n
Patients
CG/IG

TI at t0 TI at t1a

All
Mean
(SD)

CG
Mean
(SD)

IG
Mean
(SD)

p
All

Mean
(SD)

CG
Mean
(SD)

IG
Mean
(SD)

p

Neurotic, stress-related, and
somatoform disorders
(ICD 10—F40-F48)

13/13 2.2
(0.5)

2.3
(0.5)

2.2
(0.5) 0.36 2.0

(0.5)
2.0

(0.5)
2.0

(0.4) 0.86

Behavioural and emotional
disorders with onset usually
occurring in childhood and
adolescence (ICD 10—F90-F98)

33/31 2.2
(0.5)

2.3
(0.5)

2.2
(0.5) 0.41 2.1

(0.4)
2.1

(0.5)
2.0

(0.4) 0.32

Abnormal intrafamilial relations
(DSM-IV Axis 5-1) 11/14 2.3

(0.4)
2.3

(0.3)
2.2

(0.5) 0.47 2.0
(0.6)

2.0
(0.5)

2.0
(0.6) 0.72

Mental disorder, deviant
behaviour, or disability in the
family
(DSM-IV Axis 5-2)

24/20 2.2
(0.5)

2.3
(0.5)

2.1
(0.5) 0.15 2.0

(0.5)
2.1

(0.5)
2.0

(0.4) 0.47

Abnormal educational
conditions (DSM-IV Axis 5-4) 20/26 2.3

(0.4)
2.4

(0.4)
2.2

(0.4) 0.05 * 2.2
(0.4)

2.2
(0.4)

2.1
(0.1) 0.20

Abnormal immediate
surroundings (DSM-IV Axis 5-5) 30/30 2.2

(0.5)
2.3

(0.5)
2.1

(0.5) 0.23 2.0
(0.5)

2.1
(0.5)

2.0
(0.4) 0.31

Acute, stressful life events
(DSM-IV Axis 5-6) 12/10 2.3

(0.4)
2.3

(0.3)
2.3

(0.4) 0.85 2.0
(0.4)

2.0
(0.4)

2.1
(0.4) 0.65

Attention deficit hyperactivity
disorder (ADHD) medication 9/11 2.4

(0.5)
2.4

(0.6)
2.3

(0.4) 0.57 2.0
(0.4)

2.2
(0.5)

1.9
(0.3) 0.19

Antipsychotic drug medication 7/5 2.3
(0.6)

2.3
(0.6)

2.3
(0.6) 0.88 2.2

(0.5)
2.4

(0.5)
2.0

(0.2) 0.18

* significant (t-test between IG and CG).

Table 5. Dental plaque reduction rates in IG and CG after autonomous tooth brushing in the mixed
and permanent dentition and effect size of IndOHCT.

In-Patients n Patients
CG/IG

TI—Difference t1a–t1b Effect Size

CG
Mean
(SD)

IG
Mean
(SD)

p

All 37/37 −0.8
(0.3)

−1.0
(0.3) 0.02 * 0.53

In-patients with mixed
dentition 26/20 −0.8

(0.32)
−1.1
(0.3) 0.01 * 0.89

In-patients with permanent
dentition 11/17 −0.9

(0.3)
−0.9
(0.3) 0.94 0.04

* significant (t-test between IG and CG).

A subgroup analysis revealed differences in plaque reduction rates depending on
the kind of mental health disorder (Table 6). In in-patients with the diagnosis “acute,
stressful life events” or ADHD medication, the IndOHCT induced significantly better
plaque reduction with the highest effect. In-patients with “behavioural and emotional
disorders with onset usually occurring in childhood and adolescence”, “mental disorder,
deviant behaviour or disability in the family” and “abnormal immediate surroundings”
reached significantly better tooth cleaning after IndOHCT with a medium effect.
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Table 6. Dental plaque reduction rates in IG and CG after autonomous tooth brushing in mental
disorder groups and effect size of IndOHCT.

Psychiatric Diagnosis, Medication n Patients
CG/IG

TI—Difference t1a–t1b Effect Size

CG
Mean
(SD)

IG
Mean
(SD)

p

Neurotic, stress-related, and somatoform disorders
(ICD 10—F40-F48) 13/13 −0.8

(0.3)
−1.0
(0.3) 0.08 0.74

Behavioural and emotional disorders with onset
usually occurring in childhood and adolescence
(ICD 10—F90-F98)

33/31 −0.8
(0.3)

−1.0
(0.3) 0.02 * 0.59

Abnormal intrafamilial relations
(DSM-IV Axis 5-1) 11/14 −0.8

(0.3)
−1.0
(0.4) 0.19 0.56

Mental disorder, deviant behaviour, or disability in
the family (DSM-IV Axis 5-2) 24/20 −0.8

(0.3)
−1.0
(0.3) 0.05 * 0.58

Abnormal educational conditions
(DSM-IV Axis 5-4) 20/26 −0.8

(0.4)
−1.0
(0.3) 0.10 0.56

Abnormal immediate surroundings
(DSM-IV Axis 5-5) 30/30 −0.8

(0.3)
−1.0
(0.3) 0.02 * 0.63

Acute, stressful life events
(DSM-IV Axis 5-6) 12/10 −0.7

(0.2)
−1.0
(0.3) 0.02 * 1.01

Attention deficit hyperactivity disorder (ADHD)
medication 9/11 −0.8

(0.3)
−1.1
(0.2) 0.04 * 0.96

Antipsychotic drug medication 7/5 −1.0
(0.3)

−1.0
(0.1) 0.66 0.58

* significant (t-test between IG and CG).

A closer look at the different plaque localizations revealed that in-patients of the IG
were superior to those of the CG with regard to cleaning of posterior teeth, left side of
the dentition, and smooth and proximal surfaces (Table 7). In both groups, IG and CG,
the plaque reduction was higher on the anterior teeth than on the posterior teeth and the
vestibular surfaces were cleaned better than the oral surfaces. No differences were found in
the comparison between the right and left sides of the dentition or between the smooth
surfaces and the approximal surfaces of the teeth.

Table 7. Dental plaque reduction rates in IG and CG after autonomous tooth brushing at different
loci.

Locus

TI—Difference t1a–t1b

CG
Mean
(SD)

p
IG

Mean
(SD)

p p
CG vs. IG

Anterior teeth −0.9
(0.4) 0.00 *

−1.1
(0.4) 0.01 *

0.09

Posterior teeth −0.7
(0.3)

−0.9
(0.3) 0.02 *

Right side −0.8
(0.4) 0.86

−0.9
(0.3) 0.38

0.10

Left side −0.8
(0.3)

−1.0
(0.3) 0.01 *



Int. J. Environ. Res. Public Health 2022, 19, 15615 9 of 13

Table 7. Cont.

Locus

TI—Difference t1a–t1b

CG
Mean
(SD)

p
IG

Mean
(SD)

p p
CG vs. IG

Vestibular surfaces −1.1
(0.5) 0.00 *

−1.3
(0.5) 0.00 *

0.08

Oral surfaces −0.5
(0.3)

−0.7
(0.3) 0.08

Smooth surfaces −0.8
(0.3) 0.98

−1.0
(0.3) 0.90

0.03 *

Approximal surfaces −0.8
(0.3)

−1.0
(0.3) 0.02 *

* significant (t-test between IG and CG).

4. Discussion

This randomized clinical trial investigated the effect of IndOHCT in children and
adolescents hospitalized with mental health disorders. The assessed oral health parameters
dental caries and gingivitis were considerable higher than those reported in germen children
and adolescents with intellectual disabilities [38]. This finding emphasises the need for
improved oral care in this group of special needs patients.

The first hypothesis has to be rejected. IndOHCT failed to improve the oral hygiene sta-
tus during hospitalization, although the training was based on the information-motivation-
behavioural skills model [39] and the motivational interviewing approach, which are
reported as having potential to help patients with poor oral health [30,31].

Tooth brushing, a simple motor activity proven to enhance oral health, may over time
become a less conscious action. Existing habits can inhibit new learning and exert proactive
interference on learning new skills [40]. It is generally accepted that strategies to promote
changes in oral health behaviour should be based on behavioural theory [41]. Therefore,
the training intervention conducted in this study was designed in accordance with the
information-motivation-behavioural skills model [39].

With the aim to enhance the in-patients’ tooth brushing skills and behaviour, the
dentist communicated information which is the first element of the information-motivation-
behavioural skills model.

At first the dentist explained, in age-specific language, the patient’s individual oral
health status regarding caries, gingivitis, and plaque and how correct tooth brushing can
help to prevent them. Furthermore, he observed and communicated individual brushing
deficiencies. The in-patients participated actively in exploring and testing new methods to
empower themselves to achieve better oral hygiene.

Secondly, the dentist promoted motivation to learn and train the personalized, ade-
quate tooth brushing technique and encouraged a positive attitude towards performing
proper tooth brushing twice daily.

Thirdly, he ensured that all steps of the behavioural skill of tooth brushing, including
having time and space to brush, the required supplies, and self-efficacy to perform the task
correctly, were understood and that they could be performed autonomously.

All elements of the information-motivation-behavioural skills model were imple-
mented and techniques of motivational interviewing [29] were applied. Care was taken to
communicate and act age-related, since major differences in cognitive and motor skills in
the age range from 6–16 years were to be respected. Although the information-motivation-
behavioural skills model and motivational interviewing techniques were implemented, the
IndOHCT failed to improve the oral hygiene status during hospitalization. In the literature,
oral hygiene was observed to be neglected in children during hospitalization compared
to home care [25]. Hospitalization involves unfamiliar surroundings, different circadian
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cycles, medical therapy, and worries about the medical conditions. Familiar tooth brushing
habits have to be implemented in this unfamiliar setting. Medical needs are a matter of
priority and compete with less visible oral health care needs [27]. Nevertheless, in the
present study, awareness of oral health was raised among paediatric nurses as a side effect
of conducting oral examinations and IndOHCT in the hospital setting. Oral health is often
neglected by health professionals and caregivers in favour of the general symptomatology
that the in-patients present during the hospital stay [42]. It is therefore possible that the
nursing staff, without knowledge about the assignment of in-patients into groups, started
to deliberately control the execution of tooth brushing. This interference might have biased
the outcome of plaque reduction during hospitalization by reducing differences between
groups.

However, patients receiving IndOHCT were able to brush their teeth more effectively
by achieving higher plaque reduction rates during autonomous tooth brushing, compared
to those not trained, confirming the second hypothesis, especially in children with mixed
dentitions.

This finding is in line with observations regarding practical tooth brushing training in
first graders, were a pragmatic approach emphasizing improving individual tooth brushing
skills was successful in increasing the areas of brushed tooth surfaces [32].

The efficacy of IndOHCT differed between different mental health disorders, infirming
the third hypothesis. In-patients with “acute, stressful life events” and ADHD medication
benefited most from IndOHCT, with the largest effect sizes observed in both of these groups.
All other in-patient groups profited from the training intervention with a medium effect
size.

In-patients coping with “acute, stressful life events” and those receiving ADHD medi-
cation might have been more susceptible to perceiving the IndOHCT as caring attentiveness,
emotionally positive distraction from their daily problems, and empowerment to do some-
thing for their own health and well-being than the in-patients with other mental health
disorders.

The highest dental plaque levels were observed in in-patients receiving ADHD med-
ication, which confirms findings from other studies [18,19,43]. In children and adoles-
cents with ADHD, cognitive and executive functions may be impaired, leading to signifi-
cant behavioural problems that affect everyday life [44], including poorer tooth brushing
habits [19,45].

Based on the present results, children and adolescents with mental health disorders
profit from IndOHCT at a hospital setting. Trained in-patients were superior to the un-
trained ones in effective tooth cleaning.

Strengths and Limitations

The present study contributes to the evidence that IndOHCT is effective for enhancing
tooth brushing skills in children and adolescents hospitalised with mental health disorders.
The used information flyer was identical for all age groups, so it may not have been
equally appropriate for all in-patients, especially the younger ones. The level of intelligence
influences cognition and knowledge acquisition, especially in children and adolescents with
mental health disorders. Training programs must be adapted or specifically designed for
individuals with reduced intelligence. No cases of major intelligence impairment occurred
in our study cohort. Therefore, the study results are not generalizable to children with
mental disorders and reduced intelligence. The effect size was calculated to demonstrate
the magnitude of differences between groups. Efforts were taken to reduce selection bias by
randomised selection. Only one calibrated examiner performed all measurements to limit
observation bias, but a lack of blinding might have increased the risk of observation bias. All
included in-patients were living in central Germany. This limited provenance strengthens
the homogeneity and comparability between groups but reduces the external validity and
generalizability. The sample size was estimated to evaluate the effect of IndOHCT on
plaque reduction, and therefore comparisons between subgroups of psychiatric diagnoses,



Int. J. Environ. Res. Public Health 2022, 19, 15615 11 of 13

medications and plaque loci are statistically underpowered. These results should be
interpreted with caution.

5. Conclusions

IndOHCT, conducted by the information-motivation-behavioural skills model, en-
abled hospitalized children and adolescents with mental health disorders to have better
plaque reduction by tooth brushing, especially those with mixed dentitions, although it
failed to improve self-controlled routine oral hygiene during hospitalization. The high
prevalence of psycho-emotional problems in children and adolescents associated with a
high prevalence of caries and gingivitis demands a focus on individual preventive mea-
sures, including individualized oral healthcare training toward enhancing practical tooth
brushing skills. Further efforts are necessary to improve the daily oral hygiene behaviour
in hospitalized children and adolescents.

Author Contributions: Conceptualization, I.M.S.; methodology, I.M.S. and B.B.; formal analysis,
I.M.S. and B.B.; investigation, B.B., C.F. and M.R.; writing—original draft preparation, B.B. and I.M.S.;
writing—review and editing, B.B., I.M.S., A.G. and R.H.-W. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Jena University Hospital, Germany
(3742-04/13) at 26 April 2013. The study was registered at the German Registry of Clinical Trials
(DRKS00004737).

Informed Consent Statement: Informed consent was obtained from all subjects and their legal
guardians involved in the study. Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: The datasets used and analysed during the current study are available
from the corresponding author on request.

Acknowledgments: We acknowledge the support of the medical and nursery staff at the Department
of Child and Adolescent Psychiatry, Psychotherapy and Psychosomatics, Jena University Hospital,
Germany during the clinical examination and tooth brushing training of the in-patients. The authors
are thankful to Catherine Porter (Marquette University School of Dentistry, Milwaukee, USA) for her
assistance in the manuscript preparation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lewis, S.; Jagger, R.G.; Treasure, E. The oral health of psychiatric in-patients in South Wales. Spec. Care Dent. 2001, 21, 182–186.

[CrossRef]
2. Ramon, T.; Grinshpoon, A.; Zusman, S.; Weizman, A. Oral health and treatment needs of institutionalized chronic psychiatric

patients in Israel. Eur. Psychiatry 2003, 18, 101–105. [CrossRef] [PubMed]
3. Kisely, S. No mental health without oral health. Can. J. Psychiatry 2016, 61, 277–282. [CrossRef] [PubMed]
4. Schmidt, P.; Reis, D.; Schulte, A.G.; Fricke, O. Self-Assessment of Knowledge on the Treatment of Children and Adolescents with

Special Care Needs: Results of a Survey amongst German Dentists with Key Expertise in Paediatric Dentistry. J. Pers. Med. 2022,
12, 1173. [CrossRef]

5. Yusuf, Z.I.; Ms, D.D.; Yusuf, R.A.; Udoetuk, S.C.; Salihu, H.M.; Yusuf, M.Z.I.; Yusuf, R.A. The burden of oral health problems in
children with mental health disorders in the United States. J. Public Health Dent. 2022, 82, 138–147. [CrossRef]

6. Bright, M.A.; Alford, S.M.; Hinojosa, M.S.; Knapp, C.; Fernandez-Baca, D.E. Adverse childhood experiences and dental health in
children and adolescents. Community Dent. Oral Epidemiol. 2015, 43, 193–199. [CrossRef]

7. Simon, A.; Cage, J.; Akinkugbe, A.A. Adverse childhood experiences and oral health outcomes in US children and adolescents: A
cross-sectional study of the 2016 national survey of children’s health. Int. J. Environ. Res. Public Health 2021, 18, 12313. [CrossRef]
[PubMed]

8. Kisely, S.; Quek, L.-H.; Pais, J.; Lalloo, R.; Johnson, N.; Lawrence, D. Advanced dental disease in people with severe mental illness:
Systematic review and meta-analysis. Br. J. Psychiatry 2011, 199, 187–193. [CrossRef]

http://doi.org/10.1111/j.1754-4505.2001.tb00252.x
http://doi.org/10.1016/S0924-9338(03)00023-3
http://www.ncbi.nlm.nih.gov/pubmed/12763294
http://doi.org/10.1177/0706743716632523
http://www.ncbi.nlm.nih.gov/pubmed/27254802
http://doi.org/10.3390/jpm12071173
http://doi.org/10.1111/jphd.12438
http://doi.org/10.1111/cdoe.12137
http://doi.org/10.3390/ijerph182312313
http://www.ncbi.nlm.nih.gov/pubmed/34886034
http://doi.org/10.1192/bjp.bp.110.081695


Int. J. Environ. Res. Public Health 2022, 19, 15615 12 of 13

9. Matevosyan, N.R. Oral health of adults with serious mental illnesses: A review. Community Ment. Health J. 2010, 46, 553–562.
[CrossRef]

10. Reef, J.; Diamantopoulou, S.; Van Meurs, I.; Verhulst, F.C.; Van Der Ende, J. Developmental trajectories of child to adolescent
externalizing behavior and adult DSM-IV disorder: Results of a 24-year longitudinal study. Soc. Psychiatry Psychiatr. Epidemiol.
2011, 46, 1233–1241. [CrossRef] [PubMed]

11. Kovess, V.; Carta, M.G.; Pez, O.; Bitfoi, A.; Koç, C.; Goelitz, D.; Kuijpers, R.; Lesinskiene, S.; Mihova, Z.; Otten, R. The School
Children Mental Health in Europe (SCMHE) Project: Design and First Results. Clin. Pract. Epidemiol. Ment. Health 2015, 11 (Suppl.
S1 M7), 113–123. [CrossRef] [PubMed]

12. Ravens-Sieberer, U.; Wille, N.; Erhart, M.; Bettge, S.; Wittchen, H.-U.; Rothenberger, A.; Herpertz-Dahlmann, B.; Resch, F.; Hölling,
H.; Bullinger, M.; et al. Prevalence of mental health problems among children and adolescents in Germany: Results of the BELLA
study within the National Health Interview and Examination Survey. Eur. Child Adolesc. Psychiatry 2008, 17, 22–33. [CrossRef]
[PubMed]

13. Klipker, K.; Baumgarten, F.; Göbel, K.; Lampert, T.; Hölling, H. Mental health problems in children and adolescents in Germany.
Results of the cross-sectional KiGGS Wave 2 study and trends. J. Health Monit. 2018, 3, 34–41. [PubMed]

14. Steffen, A.; Akmatov, M.K.; Holstiege, J.; Bätzing, J. Diagnoseprävalenz psychischer Störungen bei Kindern und Jugendlichen in
Deutschland: Eine Analyse bundesweiter vertragsärztlicher Abrechnungsdaten der Jahre 2009 bis 2017; Versorgungsatlas-Bericht Nr
18/07; Zentralinstitut für die kassenärztliche Versorgung in Deutschland (Zi): Berlin, Germany, 2018.

15. Kohlboeck, G.; Heitmueller, D.; Neumann, C.; Tiesler, C.; Heinrich, J.; Heinrich-Weltzien, R.; Hickel, R.; Koletzko, S.; Herbarth,
O.; Kühnisch, J. Is there a relationship between hyperactivity/inattention symptoms and poor oral health? Results from the
GINIplus and LISAplus study. Clin. Oral Investig. 2013, 17, 1329–1338. [CrossRef] [PubMed]

16. Blomqvist, M.; Ahadi, S.; Fernell, E.; Ek, U.; Dahllöf, G. Dental caries in adolescents with attention deficit hyperactivity disorder:
A population-based follow-up study. Eur. J. Oral Sci. 2011, 119, 381–385. [CrossRef]

17. Chau, Y.C.; Peng, S.-M.; McGrath, C.P.J.; Yiu, C.K.Y. Oral health of children with attention deficit hyperactivity disorder:
Systematic review and meta-analysis. J. Atten. Disord. 2020, 24, 947–962. [CrossRef] [PubMed]

18. Chandra, P.; Anandakrishna, L.; Ray, P. Caries experience and oral hygiene status of children suffering from attention deficit
hyperactivity disorder. J. Clin. Pediatr. Dent. 2009, 34, 25–29. [CrossRef] [PubMed]

19. Hidas, A.; Noy, A.F.; Birman, N.; Shapira, J.; Matot, I.; Steinberg, D.; Moskovitz, M. Oral health status, salivary flow rate and
salivary quality in children, adolescents and young adults with ADHD. Arch. Oral Biol. 2011, 56, 1137–1141. [CrossRef]

20. da Silva, S.N.; Gimenez, T.; Souza, R.C.; Mello-Moura, A.C.V.; Raggio, D.P.; Morimoto, S.; Lara, J.S.; Soares, G.C.; Tedesco, T.K.
Oral health status of children and young adults with autism spectrum disorders: Systematic review and meta-analysis. Int. J.
Paediatr. Dent. 2017, 27, 388–398. [CrossRef]

21. Al-Maweri, S.A.; Al-Soneidar, W.A.; Al-Sufyani, G.A.; Halboub, E.S. Oral lesions and dental status of autistic children in Yemen:
A case–control study. J. Int. Soc. Prev. Community Dent. 2014, 4 (Suppl. S3), 199–203. [CrossRef]

22. Ferrazzano, G.; Salerno, C.; Ingenito, A.; Sangianantoni, G.; Cantile, T. Autism spectrum disorders and oral health status: Review
of the literature. Eur. J. Paediatr. Dent. 2020, 21, 9–12.

23. Löe, H. Oral hygiene in the prevention of caries and periodontal disease. Int. Dent. J. 2000, 50, 129–139. [CrossRef]
24. Walsh, T.; Worthington, H.; Glenny, A.-M.; Appelbe, P.; Marinho, V.C.; Shi, X. Fluoride toothpastes of different concentrations for

preventing dental caries. Cochrane Database Syst. Rev. 2019, 3, CD007868. [CrossRef]
25. Blevins, J.Y. Status of oral health care in hospitalized children. MCN Am. J. Matern. Child Nurs. 2013, 38, 115–119. [CrossRef]

[PubMed]
26. Blevins, J.Y. Oral Health Care For Hospitalized Children. J. Pediatr. Nurs. 2011, 37, 229–235. [CrossRef]
27. Nicopoulos, M.; Brennan, M.T.; Kent, M.L.; Brickhouse, T.H.; Rogers, M.K.; Fox, P.C.; Lockhart, P.B. Oral health needs and barriers

to dental care in hospitalized children. Spec. Care Dent. 2007, 27, 206–211. [CrossRef] [PubMed]
28. Stein, C.; Santos, N.M.L.; Hilgert, J.B.; Hugo, F.N. Effectiveness of oral health education on oral hygiene and dental caries in

schoolchildren: Systematic review and meta-analysis. Community Dent. Oral Epidemiol. 2018, 46, 30–37. [CrossRef] [PubMed]
29. Gao, X.; Lo, E.C.M.; Kot, S.C.C.; Chan, K.C.W. Motivational interviewing in improving oral health: A systematic review of

randomized controlled trials. J. Periodontol. 2014, 85, 426–437. [CrossRef] [PubMed]
30. Kay, E.J.; Vascott, D.; Hocking, A.; Nield, H. Motivational interviewing in general dental practice: A review of the evidence. Br.

Dent. J. 2016, 221, 785–791. [CrossRef]
31. Wu, L.; Gao, X.; Lo, E.C.M.; Ho, S.M.Y.; McGrath, C.; Wong, M.C.M. Motivational interviewing to promote oral health in

adolescents. J. Adolesc. Health 2017, 61, 378–384. [CrossRef]
32. Livny, A.; Vered, Y.; Slouk, L.; Sgan-Cohen, H.D. Oral health promotion for schoolchildren—Evaluation of a pragmatic approach

with emphasis on improving brushing skills. BMC Oral Health 2008, 8, 4. [CrossRef] [PubMed]
33. Turesky, S.; Gilmore, N.D.; Glickman, I. Reduced Plaque Formation by the Chloromethyl Analogue of Victamine C. J. Periodontol.

1970, 41, 41–43. [CrossRef] [PubMed]
34. World Health Organization. Oral Health Surveys: Basic Methods; World Health Organization: Geneva, Switzerland, 2013.
35. Meyle, J.; Jepsen, S.R. Der parodontale screening-index (PSI). Parodontologie 2000, 11, 17–21.
36. Zimmer, S. Starke Zähne!—Karies Keine Chance Geben; Informationsstelle für Kariesprophylaxe des Deutschen Arbeitskreises für

Zahnheilkunde: Frankfurt, Germany, 2016.

http://doi.org/10.1007/s10597-009-9280-x
http://doi.org/10.1007/s00127-010-0297-9
http://www.ncbi.nlm.nih.gov/pubmed/20936464
http://doi.org/10.2174/1745017901511010113
http://www.ncbi.nlm.nih.gov/pubmed/25834631
http://doi.org/10.1007/s00787-008-1003-2
http://www.ncbi.nlm.nih.gov/pubmed/19132301
http://www.ncbi.nlm.nih.gov/pubmed/35586801
http://doi.org/10.1007/s00784-012-0829-7
http://www.ncbi.nlm.nih.gov/pubmed/22927131
http://doi.org/10.1111/j.1600-0722.2011.00844.x
http://doi.org/10.1177/1087054717743331
http://www.ncbi.nlm.nih.gov/pubmed/29182035
http://doi.org/10.17796/jcpd.34.1.n170271832662v44
http://www.ncbi.nlm.nih.gov/pubmed/19953805
http://doi.org/10.1016/j.archoralbio.2011.03.018
http://doi.org/10.1111/ipd.12274
http://doi.org/10.4103/2231-0762.149040
http://doi.org/10.1111/j.1875-595X.2000.tb00553.x
http://doi.org/10.1002/14651858.CD007868.pub3
http://doi.org/10.1097/NMC.0b013e318269daac
http://www.ncbi.nlm.nih.gov/pubmed/23426054
http://doi.org/10.1097/NMC.0b013e318269daac
http://doi.org/10.1111/j.1754-4505.2007.tb00348.x
http://www.ncbi.nlm.nih.gov/pubmed/17990481
http://doi.org/10.1111/cdoe.12325
http://www.ncbi.nlm.nih.gov/pubmed/28815661
http://doi.org/10.1902/jop.2013.130205
http://www.ncbi.nlm.nih.gov/pubmed/23805818
http://doi.org/10.1038/sj.bdj.2016.952
http://doi.org/10.1016/j.jadohealth.2017.03.010
http://doi.org/10.1186/1472-6831-8-4
http://www.ncbi.nlm.nih.gov/pubmed/18237389
http://doi.org/10.1902/jop.1970.41.41.41
http://www.ncbi.nlm.nih.gov/pubmed/5264376


Int. J. Environ. Res. Public Health 2022, 19, 15615 13 of 13

37. Lenhard, W.; Lenhard, A. Calculation of Effect Sizes. Available online: https://www.psychometrica.de/effect_size.html (accessed
on 9 August 2022).

38. Schmidt, P.; Petrakakis, P.; Schulte, A.G. Caries prevalence in 6-to 10-year-old German schoolchildren with and without disability.
Community Dent. Health 2020, 37, 281–286. [PubMed]

39. Fisher, J.D.; Petrakakis, P.; Schulte, A.G. The information-motivation-behavioral skills model of antiretroviral adherence and its
applications. Curr. HIV/AIDS Rep. 2008, 5, 193–203. [CrossRef] [PubMed]

40. Thavarajah, R.; Amico, K.R.; Fisher, W.A.; Harman, J.J. Drilling Deeper into Toothbrushing Skills: Is Proactive Interference an
Under-Recognized Factor in Oral Hygiene Behavior Change? Curr. Oral Health Rep. 2015, 2, 123–128. [CrossRef]

41. Riddle, M.; Clark, D. Behavioral and social intervention research at the National Institute of Dental and Craniofacial Research
(NIDCR). J. Public Health Dent. 2011, 71, 123–129. [CrossRef]

42. Pequeneza, R.; Silva, C.C.; Rodrigues, R.; Crespo, M.; Silva, C.C. Oral Health in Hospitalized Pediatric Patients: Investigation
Study. Int. Poster J. Dent. Oral Med. 2018, 20.

43. Todd Grooms, M.; Keels, M.A.; Roberts, M.; McIver, F.T. Caries experience associated with attention–deficit/hyperactivity
disorder. J. Clin. Pediatr. Dent. 2006, 30, 3–8. [CrossRef]

44. Biederman, J.; Monuteaux, M.C.; Mick, E.; Spencer, T.; Wilens, T.E.; Silva, J.M.; Snyder, L.E.; Faraone, S.V. Young adult outcome of
attention deficit hyperactivity disorder: A controlled 10-year follow-up study. Psychol. Med. 2006, 36, 167–179. [CrossRef]

45. Blomqvist, M.; Holmberg, K.; Fernell, E.; Ek, U.; Dahllöf, G. Dental caries and oral health behavior in children with attention
deficit hyperactivity disorder. Eur. J. Oral Sci. 2007, 115, 186–191. [CrossRef] [PubMed]

https://www.psychometrica.de/effect_size.html
http://www.ncbi.nlm.nih.gov/pubmed/32407008
http://doi.org/10.1007/s11904-008-0028-y
http://www.ncbi.nlm.nih.gov/pubmed/18838059
http://doi.org/10.1007/s40496-015-0053-z
http://doi.org/10.1111/j.1752-7325.2011.00216.x
http://doi.org/10.17796/jcpd.30.1.d3n7k5147r3ru571
http://doi.org/10.1017/S0033291705006410
http://doi.org/10.1111/j.1600-0722.2007.00451.x
http://www.ncbi.nlm.nih.gov/pubmed/17587293

	Introduction 
	Materials and Methods 
	Study Population 
	Medical Data Collection 
	Oral Examinations 
	Intervention 
	Data Analysis 

	Results 
	Demographic Data 
	Oral Health 
	Individualized Oral Health Care Training (IndOHCT) 

	Discussion 
	Conclusions 
	References

