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Behavioural and physiological effect of
dental environment sensory adaptation
on children’s dental anxiety

Shapiro M, Melmed RN, Sgan-Cohen HD, Eli I, Parush S. Behavioural and physio-
logical effect of dental environment sensory adaptation on children’s dental anxiety. Eur J
Oral Sci 2007; 115: 479-483. © 2007 The Authors. Journal compilation © 2007 Eur J
Oral Sci

Dental anxiety is a serious obstacle in conventional oral healthcare delivery. A sensory
adapted dental environment (SDE) might be effective in reducing anxiety and inducing
relaxation. This study aimed to assess the efficacy of a Snoezelen SDE in reducing
anxiety among children undergoing scaling and polishing by a dental hygienist. The
Snoezelen environment consists of a partially dimmed room with lighting effects,
vibroacoustic stimuli, and deep pressure. Nineteen children, aged 6-11 yr, participated
in a cross-over intervention trial. Behavioral parameters included the mean number,
duration, and magnitude of anxious behaviors, as monitored by videotaped record-
ings. Physiological parameters reflecting arousal were monitored by changes in dermal
resistance. Results, by all measures, consistently indicated that both behavioral and
psychophysiological measures of relaxation improved significantly in the SDE com-
pared with a conventional dental environment. The findings support recommending
the SDE as an effective and practical alternative in oral healthcare delivery to anxious
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Traditional dental care comprises regular recall visits (1),
which include screening, preventive and curative treat-
ment, and enhancing the ability of patients to perform
self-care measures. Children, by the ages of 6-12 yr,
should be capable of maintaining optimal oral hygiene
(2). Fear of dental treatment has been recognized as a
serious public health obstacle (3). A US study of children
showed that 43% exhibited ‘low to moderate’ ‘general
dental fear’, whereas 10% showed ‘high dental fear’. The
sight and sensation of the anaesthetic needle, and the
sight, sound and sensation of the drill, were rated as the
most fear-eliciting stimuli (4). A Finnish study observed
that 15% of the children did not seek care because of fear
of dental treatment (3). Dental anxiety has been indi-
cated as a potential predictor of dental caries incidence
(5).

Patients often associate the dental office as an un-
friendly, offensive, and anxiety-provoking environment,
distinguished by loud noises, distinctive odours, bright
lights, invasive contact in the mouth, and the proba-
bility of pain. Because of potential anxiety, paediatric
dentists require a repertoire of techniques to assist in
child management. These comprise ‘tell-show-do’, lan-
guage euphemisms, voice control, and distraction,
combined with anxiety/fear control (such as nitrous

oxide sedation, passive restraint, premedication, general
anaesthesia, hypnosis, and behavioral management) (6—
8).

The Snoezelen environment consists of a multisensory
adapted environment coupled with ‘client-centred’ ther-
apy. It has been proposed to improve the quality of life
of varied populations suffering from anxiety, pain, and
unrest, including individuals with developmental dis-
ability, Alzheimer’s disease, or traumatic brain injury (9—
12). The physical environment consists of a combination
of a partially lit room with special lighting effects,
relaxing music, vibration, and aromas. Research docu-
menting the outcome of the Snoezelen environment
reports reduction of pain, behavior facilitation, and
balance of theheart rate (e.g. reduction of the heart rate
amongst hyperactive children and increase of the heart
rate amongst passive children) (9-12). Further research
has demonstrated reduced maladaptive behaviors and
noise levels in a classroom for special needs children,
when adapting overhead lighting (13).

A sensory adapted dental environment (SDE) has been
developed, based upon the Snoezelen environment, and
may potentially be suitable in reducing dental anxiety
and maladaptive behaviors and facilitating a calming
effect in the dental clinic among children.
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Several dental studies have attempted to evaluate the
use of audio and video distraction as an adjunct to
local anaesthesia (14). CORAH et al. found that adult
dental patients reported reduced pain and reduced
anxiety with video distraction and audiotaped relaxa-
tion instructions, but not with music (15). The study by
AITKEN et al. (14) concluded that music alone did not
produce any quantifiable distraction affecting pain,
anxiety or patient behavior in dental patients. A study
by FRERE (16) reported benefits in adults of using a
virtual image audiovisual eyeglass system to reduce fear
and pain.

The purpose of the present study was to determine the
effect of an SDE, based upon the Snoezelen environment,
in children during a routine scaling and polishing
appointment with a dental hygienist. It was hypothesized
that the SDE would have a favourable effect in calming
the subjects during calculus removal (CR). Both behav-
ioral and psychophysiological measures were utilized for
assessment. Specific objectives were to measure the effect
of the SDE on the number, duration, and magnitude of
negative dental behaviors, on the levels of dental anxiety
and cooperation, and on electrodermal activity (EDA),
during CR, compared with a regular dental environment
(RDE).

Material and methods

The variables that were chosen to evaluate the effect of the
SDE during CR were: (i) the child’s behavior, assessed by
filming the subjects during dental care and coding their
anxious behaviors; and (ii) physiological arousal states,
evaluated by the assessment of EDA changes in the elec-
trical conductance of the skin. This is a sensitive way of
monitoring autonomic responses to external stimuli (17).
The responses result from sympathetic modulation of skin
eccrine sweat gland secretions, a function particularly rele-
vant to arousal states (18).

Participants

The present research was a pilot study of a new dental-
adapted concept. The initial study population was rela-
tively small, in order to test the feasibility and significance
of the approach. The sample size was computed in order
to detect the difference in the amount and duration of
stressful behaviors, with a desired power of 80% at a
significance level of 5%, employing previous data levels
(19-21). Accordingly, a sample size of 19 was required.
The study participants were children of employees at the
Issie Shapiro Centre, Raanana, Israel, which offers edu-
cational and therapeutic services for developmentally dis-
abled children and is also the location of a special needs
dental clinic.

Nineteen participants (13 boys, six girls) were included in
the study. Their ages ranged from 6-11 yr, with a mean of
8.8 yr [standard deviation (SD) = 1.74]. Fifteen children
had previously experienced some form of dental care at least
6 months before the start of the study. The study was
approved by the Ethics Committee on Human Experimen-
tation of the Tel Aviv University. Parental informed consent
was granted in writing.

Dental settings

The dental treatment procedure used in the study was a
routine dental prophylactic appointment, performed by a
dental hygienist, including manual dental scaling and tooth
cleaning with a low-speed dental handpiece and a rotary
bristle brush. No local anaesthesia or sedation was applied.

The SDE was structured specifically for the present re-
search. The sensory stimuli addressed were visual, auditory,
somato-sensory, and tactile, as follows:

(i) Visual sensation. All direct overhead fluorescent light-
ing (50 Hz) was removed, including the regular dental
overhead lamp. The adapted lighting consisted of
dimmed upward reflective fluorescent lighting
(30-40,000 Hz). In addition, slow-moving, repetitive
visual colour effects were created by a ‘Solar Projector’
(Rompa, Chesterfield, UK), shining onto off-white
netting, in the child’s visual field. The dental hygienist
wore a head-mounted LED narrow-spectrum light-
emitting diode source lamp (Black Diamond Zenix 1Q;
Salt Lake City, CO, USA) directed into the patient’s
mouth.

(i) Auditory and somato-sensory stimuli included rhyth-
mic music, which was heard via loudspeakers (Dan
Gibson’s Solitudes: Exploring Nature with Music;
Somerset Entertainment, Essex, UK) at 75 db (digital
sound level meter Model 33-2055; RadioShack, Fort
Worth, TX, USA), while a bass vibrator (Aura, Bass
Shaker, Model AST-1B, 4 Ohms; Unical Enterprises,
Michigan, CA, USA), connected to the dental chair,
produced soma-sensory stimulation.

(iii) Tactile stimulus consisted of the regular dental X-ray
vest, which was placed on the child throughout the dental
procedure, covering him/her from the shoulders to the
waist. This provided a deep ‘hugging’ pressure effect.

The RDE utilized fluorescent lighting (50 Hz, on the ceiling
and overhead dental lamp), without special visual effects,
and neither music nor somato-sensory stimulation. The
X-ray vest was not used.

Instruments

The anxiety and cooperation level of the child during CR
was recorded by the dental hygienist on completion of each
treatment using the anxiety and cooperation scale developed
by VEERKAMP et al. (22). This standardized scale has been
used by dentists to rate anxiety and cooperation during
dental care. A score of 0 through 5 is given according to the
child’s behavior: 0 (extreme behavior e.g. loud and constant
crying, and resistance throughout) to 5 (relaxed, interested
in communicating, demonstrates desired behavior or com-
plies with demands).

A questionnaire for parents, referring to their child’s gen-
eral anxiety and dental anxiety level, was developed for the
present study by six professionals. In this general anxiety scale
(GAS), parents were requested to rate, on a four-point Likert
scale (1, extremely anxious to 4, relaxed) their child’s general
anxiety in new places, with new people, and in different dental
situations (four questions in total). Internal consistency for
continuous variables yielded Cronbach alpha = 0.93.

The negative dental behaviors checklist (NDBC) was
developed by the research team in the year preceding the
study. It was developed by reporting types of behavior seen



while observing dental interventions of approximately 30
children with special needs. It contains seven behavioral
descriptors: movements of head, forehead, eyes, and mouth,
coughing/gagging, crying/screaming, and other. The num-
ber and duration of anxious behaviors was recorded and
measured by means of a stopwatch. In addition, the mag-
nitudes of the anxious behaviors were graded on a five-point
Likert scale.

Training was provided by the researcher to two coders.
Interexaminer reliability was measured using interclass
correlative coefficients for all behaviors and conditions, and
yielded alpha = 0.88 and standardized alpha = 0.93.

As the NDBC was a newly developed tool for analyzing
the dental behavior of a special needs population, there was
no similar and previously implemented measure available
for comparison and validation.

Electrodermal activity was monitored by changes in the
skin conductance. Two 5-mm-diameter electrodes (Mind-
life, Jerusalem, Israel) were applied to the fingertips of the
second and fourth digits of the right hand and secured
with a velcro band. Electrodes were connected to a sensor
and to a receiver. An isolated skin conductance coupler
(Mindlife) applied a constant 0.5 V potential across the
electrode pair. The sample rate was 10 samples per second.
We used the graphed results of each EDA study to eval-
uate these two cardinal parameters during each treatment.
‘Relaxation” was measured by averaging the peaks (in-
crease in kiloohm) reflecting raised skin resistance caused
by decreased perspiration. ‘Arousal’, indicating increased
arousal, was calculated from averaging the troughs of skin
resistance change (decreased kiloohm caused by enhanced
perspiration).

Procedure

The study was designed as a random cross-over design. Half
of the patients were initially treated under SDE (Time 1)
and received RDE on the second encounter (Time 2) (group
A, n = 10). For the second group (group B, n = 9), the
procedure was reversed (RDE at Time 1 and SDE at Time
2). The children received CR, approximately 20-25 min per
session, in each dental environment, with a 4 month interim
period between the two appointments.

During the treatments, the children were filmed and their
EDA was recorded from 1 min before the start of treatment
until 1 min after completion. The examiner coded all videos
according to the NDBC; number, duration (in minutes), and
magnitude (e.g. whimpering as opposed to screaming) of
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anxious behaviors. Because of the nature of the study (one
environment with sensory adaptation and the other with-
out), the coding could not be blinded.

Statistical analysis

Repeated-measures analysis of variance (ANOVA) was ap-
plied to compare the SDE and the RDE for behavior and
EDA, adjusted for sequence of treatment effect. Further
analysis by the paired ¢-test compared the degree of the
highest and the lowest level of relaxation/arousal, as mea-
sured by the EDA. All tests applied were two-tailed, and a
value of P < 0.05 was considered statistically significant.
Data were analyzed using the sAs software (SAS Institution,
Cary, NC, USA).

Results

The behavior of the children was evaluated by the GAS.
General anxiety was reported infrequently among these
children: of the 19 children, only one child exhibited
anxiety in new places, two exhibited above-average
general anxiety levels, and 10 exhibited above-average
dental anxiety.

Regarding the number of anxious behaviors as mea-
sured by the NDBC, anova for repeated measures was
applied to assess the sequence and treatment effects. A
significant sequence effect (P = 0.04) was found. There
was no significant treatment effect (P = 0.09), indicating
that the mean number of anxious behaviors was not
significantly reduced in the SDE compared with the
RDE (Table 1).

Regarding the duration and magnitude of anxious
behaviors as measured by the NDBC, anova for re-
peated measures found the sequence effect to be non-
significant (P > 0.05). The treatment effect was found to
be significant (P = 0.007, 0.009), indicating that both
the mean duration and the magnitude of anxious
behaviors was significantly reduced in the SDE com-
pared with the RDE (Table 1).

Regarding the levels of anxiety and cooperation as
recorded by the hygienist, ANOVA for repeated measures
found no sequence effect (P = 0.42) but a significant
effect of treatment (P < 0.004), indicating that the

Table 1

Comparison of anxious behaviours of children (n = 19) treated in a sensory adapted dental environment (SDE) vs. a regular dental
environment (RDE)

SDE RDE SDE-RDE
N ¢ Mean Mean Paired difference
ame ol measure (95% CI) SD (95% CI) SD (95% CI)

Number of anxious behaviors (total number of behaviors
per treatment)

Duration of accumulative anxious behaviors (in minutes)
Magnitude of anxious behaviors (five-point Likert scale)

Cooperation as measured by the dental hygienist

1.37 (1.13; 1.61) 0.5

1.48 (-2.21; 5.18)  1.76
1.84 (<0.22; 3.91) 1.12
4.95 (4.84; 5.06)  0.23

1.84 (1.33; 2.36)  (1.07)  —0.47 (-1.06; —0.11)
37(-1.7;9.1)  (3.72)
3.63 (0.88; 6.38)  (3.18)
4.42 (4.09;4.75)  (.69)

—2.22% (=3.76; =6.75)
~1.79* (=3.07; =0.51)
0.53* (0.19;0.86)

CI, confidence interval; SD, standard deviation.
*Statistically significant at P < 0.01.
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children showed significantly improved cooperation in
the SDE as opposed to the RDE (Table 1).

The physiological parameters of arousal were assessed
by measuring both the mean EDA and the degree of
arousal/relaxation. For the mean EDA, ANovA for re-
peated measures found no sequence effect (P = 0.276)
but a significant effect of treatment (P = 0.009), indi-
cating that the mean EDA was significantly reduced in
the SDE as compared with the RDE (Table 2).

The paired z-test was applied to assess the degree of
arousal/relaxation in each dental environment. There was
a significant trend of higher relaxation in the SDE
(mean = 673.79, SD = 510.67) as compared with the
RDE (mean = 484.74, SD = 236.66), indicating that
the children exhibited marginally statistically insignifi-
cant higher levels of relaxation in the SDE (P =
0.053). There was a significant difference in degree of
arousal states between the two dental environments, with
more arousal in the RDE (mean = 177.63, SD = 54.68)
than in the SDE (mean = 235.65, SD = 119.51)
(P = 0.024), indicating that the children showed greater
degrees of anxiety in the RDE (Table 2).

Discussion

This was an initial pilot study of an innovative thera-
peutic behavioral approach adapted to the dental setting
and based upon the Snoezelen multisensory environ-
ment. The study consistently demonstrated by means of
both behavioral and physiological parameters that the
SDE had a significant positive effect on children. Eighty
per cent of the children expressed that they preferred the
SDE. The only variable found to have a sequence effect
(owing to the cross-over design) and no treatment effect
was the ‘number’ of negative behaviors. For all other
variables the sequence effect was not found to be sig-
nificant, but treatment was a consistently significant
contributor to variance.

A major assumption underlying this study is that
modification of the dental environment, with a con-
comitant change in sensory stimuli, leads to more com-
fort and reduces anxiety. Modifying the sensory
environment is believed to ‘cushion’ and thus ‘protect’ the
subject from harsh stimuli, reducing aversive visual,
auditory, and tactile intensity while offering soothing

visual, auditory, and tactile stimuli. The modified sen-
sory environment results in the subjects’ attention being
focused intently on the positive stimuli, causing an ‘al-
tered state’ with a concomitant reduced awareness of
discomforting or nocuous stimuli (23).

In primates, neurophysiological studies combining
neuronal and behavioral measures have demonstrated
that increasing attention to a stimulus enhances the
responsiveness and selectivity of the neurons which
process that stimulus and inhibit the activity of neurons
not involved in the attention process (24-26). Similar
processes have been reported among humans (27). This
physiological explanation suggests that when attention is
distracted, the processing of pain signals is correspond-
ingly reduced (23).

Several study limitations cannot be evaded. The sam-
ple size was small (n = 19), with a power of only 80%.
After having demonstrated the significance of this
advocated approach, future research should aim at
improving on this level. It also should be noted that the
study population was not optimally representative and
the dental procedure was minimally invasive. The basic
statistical analyses excluded investigation of potential
interactions, modifiers, and confounders. It was not
possible in this study to ensure observer blindness during
the recording (by video) of NDBC. This needs to be
considered as an inescapable potential ‘Rosenthal effect’
source of variation, which could potentially affect reli-
ability.

The preparations for the SDE per se might constitute
an independent added calming effect on the patients by
providing more close and personal attention and also
time for explanations and mental preparation. More-
over, the procedure might have had a calming effect on
the hygienist him/herself. These potential modifying
factors were not within the realms of the present study
evaluation, but should be considered. Parents, too, may
be calmed by the SDE and thereby potentially indirectly
effect their children. In the present study, however, par-
ents did not accompany their children.

The Snoezelen environment is a ‘package’ concept and
utilizes a controlled combination of sensory stimuli.
While the present results clearly demonstrate a positive
outcome, it is not clear, or within the restraints of the
present research to determine, which of the components
is more dominant or whether it is the combination of

Table 2

Comparison of the mean electrodermal activity (EDA) values (in kiloohm) of children (n = 19) treated in a sensory adapted dental
environment (SDE) vs. a regular dental environment (RDE)

SDE RDE SDE-RDE
Mean (95% CI) SD Mean (95% CI) SD Paired difference (95% CI)
Mean EDA 430.37 (279.96; 580.77) 312.05 273.68 (240.04; 343.33) (144.49) 156.69* (44.95; 268.42)
Arousal 235.63 (178.03; 293.24) 119.51 177.63 (151.28; 303.99) (54.68) 58* (8.49; 107.51)
Relaxation 673.79 (427.65; 919.93) 510.67 484.74 (370.67; 598.8) (236.66) 189.05* (-2.89; 380.99)

CI, confidence interval; SD, standard deviation.
*Statistically significant at P < 0.05.



components that results in the positive outcome. It is
suggested that this should be a subject for further
research.

The application of an SDE has demonstrated an
important potential effect on the relaxation of children
during dental hygiene care. This promising approach
demands further research for more complex dental
treatments.
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