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Objective: Hypersensitivity is an important problem that is encountered during the treatment of
hypomineralized teeth. The aim of this prospective study was to compare responses to electrical pulp tests
(EPTs) and cold tests among carious teeth with and without molar incisor hypomineralization (MIH) before
and after the administration of local anesthesia for caries removal Results: The EPT results of anesthetized
carious teeth without MIH were significantly higher than those of carious teeth with MIH (p = 0.011). The
cold test results were significantly higher for anesthetized carious teeth with MIH than for those without
MIH (p = 0.0001). Intraoperative pain was significantly higher for carious teeth with MIH (p = 0.003).
Conclusions: The results of this study suggest that even after achieving sufficient anesthesia, hypersensitivity
remains a clinical problem in MIH-affected carious molars. The results presented in this study indicate that
this phenomenon is not related to achieving effective local anesthesia,; therefore, behavior management in
such cases is of the utmost importance compared to relying on adjacent anesthetic methods.
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INTRODUCTION

he term “molar incisor hypomineralization (MIH)” describes

“hypomineralization of systemic origin of one to four perma-

nent first molars, frequently associated with affected inci-
sors”, and this phenomenon has an unclear multifactorial etiology.
Several conditions may act together and increase the risk of MIH
additively or even synergistically. These factors are genetics,
antibiotics (i.e., amoxicillin), potential toxic agents (i.e., chemo-
therapy), prenatal or postnatal medical issues, childhood diseases
and environmental factors. One or a combination of these factors
might affect the basic developmental stages of ameloblasts during
odontogenesis of the incisor and first permanent molar teeth.'-

MIH can be diagnosed with different clinical features, such as
demarcated opacities at occlusal and buccal parts, enamel disinte-
gration, atypical restorations, tooth sensitivity, or early extractions.
The defects vary in size and color from white, creamy, and yellow
to brown. The severity of the defects is recommended to be recorded
as mild or severe. In mild cases, demarcated enamel opacities with
occasional sensitivity to external stimuli are present without enamel
breakdown. There is usually no sensitivity to tooth brushing. In
severe cases, demarcated enamel opacities and enamel breakdown
are present. Caries, persistent/spontaneous hypersensitivity affecting
function and strong aesthetic concerns are commonly observed in
severe cases.>*

Hypersensitivity of teeth with MIH may range from a mild
response to external stimuli to spontaneous hypersensitivity.?
Children with MIH often report sensitivity to a variety of normal
innocuous thermal, mechanical, and osmo-chemical stimuli. During
dental procedures, difficulties in achieving adequate analgesia for
restoration are occasionally encountered.>’® Reviews and clinical
management statements underline this issue; however, to the best
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of the authors’ knowledge, no randomized clinical trial has investi-
gated it.>® Research has focused on the possible pathophysiological
mechanisms behind this phenomenon which, in turn, have not been
determined. Fagrell ef al.'® showed that bacterial invasion is seen
even with the intact enamel of MIH teeth, suggesting that hypomin-
eralized enamel acts as an open door for oral bacteria to penetrate
through the dentinal tubules and create subclinical inflammatory
reactions in the pulp. Tissue inflammation may, in turn, lead to
morphological and cytochemical changes within sensory neurons,
resulting in sensitization of these nerve fibers.®!0-12

The aim of this prospective study was to test whether carious
teeth with MIH are still hypersensitive, despite being anesthetized
as effectively as carious teeth without MIH. Therefore, the authors
compared the responses to EPT and cold test results among carious
teeth with MIH and without MIH before and after the administra-
tion of local anesthesia for the removal of dentine caries. Caries-free
teeth with MIH and without MIH were also subjected to the tests as
controls. The hypotheses of this study were twofold: (i) when caries
is present, teeth with MIH will have lower EPT and higher cold
test responses before and after the administration of local anesthesia
compared to carious teeth without MIH. (ii) Carious teeth with MIH
will have lower initial EPT and higher initial cold test responses
than caries-free teeth with MIH.

MATERIALS AND METHOD

This prospective clinical study was approved by the Univer-
sity Medical and Health Sciences Research Board and Ethics
Committee. The study was conducted in accordance with the
Declaration of Helsinki, and informed consent was obtained. An a
priori test revealed that a total sample size of 48 (24 per group) was
required to achieve a power of 0.90 with an effect size of 0.8 and an
a error of 0.05. In anticipation of dropouts, we decided to enroll 25
cases per group.

Study Design

The initial study sample was composed of 45 healthy patients
with 77 first permanent molar teeth who were referred to the Bagkent
University, Faculty of Dentistry, Department of Pediatric Dentistry
clinic for routine control or dental treatments. The participants were
healthy, and their age ranged from 6-12 years. The patients were
initially categorized for their anxiety level with the Modified Frankl
Scale, and patients with Ratings 4 and 5, which means ‘positive’ and
‘definitely positive’, respectively, to accept the treatments, respec-
tively, were included in the study.'

Clinical and radiographical assessment, radiographic caries
level, International Caries Detection and Assessment System
(ICDAS) scores and level of MIH levels were recorded for all
included teeth prior to the interventions. Radiographic caries depth
was determined with digital periapical radiographs (Image Plate
System, Digora®, Soredex, Helsinki, Finland), and dentine caries
involved between the outer 1/3 and inner 1/3 of the dentine tissue
irrespective of enamel breakdown were included in the study.

The caries status of the teeth enrolled was also scored with
ICDAS scores. The ICDAS classification criteria and associated
estimates of caries activity is based upon the histological extension
of lesions spreading into the tooth tissues. Accordingly, caries was
classified with ICDAS scores of 0-6, which were 1-2 for initial-
stage caries, 3-4 for moderate caries and 5-6 for extensive caries.'*'8
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The teeth enrolled in the study were also classified using the
MIH index proposed by Ghanim et al'®. The classification for MIH
ranges from 0-7 and can be defined as no visible enamel defect,
enamel defect non-MIH, white creamy demarcated/yellow or brown
demarcated opacities, post eruptive enamel breakdown, atypical
restoration, atypical caries, missing because of MIH and cannot
be scored as 1, 2, 3, 4, 5, 6 and 7, respectively. MIH teeth with
atypical carious lesions generally have moderate or extensive caries;
therefore, carious teeth with MIH at ICDAS scores of 3/4/5/6 were
enrolled in the study for the standardization of the included teeth.
Teeth having only post-enamel breakdown without caries were
excluded. The carious teeth without MIH were only carious without
any hypomineralized areas. The inclusion criteria for ICDAS, MIH
level and radiographic caries depth and the distribution of teeth in
all groups are shown in Table 1. All teeth enrolled were completely
free of irreversible pulpitis signs and symptoms.

The study was conducted in a double-blind manner, and the
examiner for the EPT and cold test and the restorative treatment
operator were different. A total of 7 patients dropped out from
the research on their own will after the initiation of the operatory
protocol. A total of 50 carious permanent first molar teeth, 25 with
MIH and 25 without MIH, were included in the study. As per the
controls, 10 patients with 20 caries-free teeth (10 with MIH and 10
without MIH) were included in the study. The distribution of the
groups and the study flowchart are shown in Figure 1.

Preoperative measurements

EPT devices have a rheostat that shows the relative amount of
current applied on various scales, such as 0-10, 0-15 and 0-80. In the
present study, an analog electrical pulp tester (Pulp Vitality Tester,
Parkell, New York, USA) was applied, which increased the current
rate from no (0) output to maximum output (10). The receiver
probe of the analog electrical pulp tester was placed on the middle
third of the buccal surface, and the number with initial sensation
was recorded. As per the cold test, refrigerant material (Ice Spray,
Artsana, Pozzo D’Adda, Italy) was sprayed on a cotton pellet and
rapidly placed on the middle third of the buccal surface until the
patient responded within accordance with the instructors within a
maximum of 5 seconds.?

Treatment Procedure

Following the recording of the ICDAS, MIH levels and caries
depth, one pediatric dentist presented instruments and materials
using the tell-show-do behavior management technique. Next,
another pediatric dentist performed the EPT and cold test before
and after the administration of nervous alveolaris inferior block
anesthesia for mandibular molar teeth or nervous alveolaris supe-
rior posterior block anesthesia for maxillary molar teeth. The tests
were applied following the confirmation of numbness after approx-
imately 4 minutes.”! Before the administration of block anesthesia,
topical anesthetic spray (Vemcaine 10% Pump Spray, Vem, Turkey)
was applied for one minute by a cotton pellet per administration.
Additionally, the operator administered the anesthetic solution with
a 2-ml plastic disposable syringe with 27-gauge needles in approx-
imately 60 seconds.

The Visual Analog Scale for Pain was used to evaluate (i)
the cold tests before and after local anesthesia with 4% Articaine
with 1:100,000 epinephrine (Ultracaine® D-S Forte ampule,
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Table 1: Inclusion criteria and distribution of the groups

Groups Inclusion criteria
MIH ICDAS Radiographic caries depth
Caries with MIH 51, 1, 1) 3/4/5/6 Inner 1/3 and outer 1/3 dentine
Caries without MIH 0 3/4/516 Inner 1/3 and outer 1/3 dentine
Caries free with MIH 2 (1, 11, 1y 0 NA
Caries free without MIH 0 0 NA

Figure 1. Flowchart of the study
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Sanofi-Aventis, Germany) and (ii) pain during the caries removal
procedures.?** The control readings for the EPT and cold tests in
carious (25 with MIH and 25 without MIH) and caries-free teeth (10
with MIH and 10 without MIH) were applied three times, and the
average of the results was used as the final score.

In the teeth receiving the restorative protocol, all cavities were
restored with composite resin restorations (Filtek Z250, 3 M ESPE,
St. Paul, Minnesota, USA). If any patient reported unbearable pain
during the treatment procedure, adjunct methods were used, and the
patient was excluded from the study.

Statistical Analysis

The data were analyzed with SPSS V. 21. The Shapiro-Wilk test
was used for the number of units while investigating variables with
a normal distribution. When interpreting the results, 0.05 was set
as the level of significance. The Mann-Whitney U test was used
in the analysis of the differences between the groups in the case
of variables that did not have a normal distribution. The difference
between the dependent variables that did not have a normal distribu-
tion was examined by the Wilcoxon signed-rank test.

RESULTS

Demographic data analysis

The study was conducted with 28 patients with 50 carious teeth
and 10 patients with 20 caries-free teeth (Figure 1). The average ages
of patients in the carious and caries-free groups were 8.9 and 10.02
years, respectively. The sex distribution for the MIH and without
MIH groups in carious teeth was 48% and 40% male, respectively.
The gender distributions for the caries-free groups with MIH and
without MIH were 60% and 50% male, respectively.
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ICDAS scores were significantly different between the groups,
and the average value for the carious with MIH group was signifi-
cantly higher (p = 0.011). According to the evaluation of numbness
in the lip, cheek, and tongue and checking gingival numbness with a
fine-tipped probe, all anesthetized teeth had analgesia 100%.

Analysis of the initial EPT and cold test results for
all teeth

The initial EPT results did not show any significant difference
between the groups (p > 0.05). The initial EPT results for caries-
free teeth with MIH were higher than those for carious MIH teeth
but were not significant. The results also showed that initial EPT
scores were numerically the highest for caries-free teeth without
MIH (Table 2).

Unlike the EPT scores, there was a significant difference
between groups for the initial cold test results (p < 0.05). The results
for carious teeth (either with or without MIH) were significantly
higher than those for caries-free (either with or without MIH) teeth
(p < 0.05). However, there was no significant difference between
carious teeth with MIH and those without MIH. Additionally, there
was no significant difference between the caries-free teeth with
MIH and caries-free teeth without MIH groups (Table 2).

Comparison of initial and second EPT and cold test
results for carious teeth with MIH and without MIH

According to the results, second EPT values were significantly
higher in carious teeth without MIH than in carious teeth with MIH
(p = 0.011). In the evaluation of carious teeth in the MIH group,
the second EPT values were significantly higher than the initial
EPT values (p < 0.05). The second EPT values (the EPT values of
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anesthetized teeth) were significantly higher in the carious teeth
without MIH group than the initial EPT values (p < 0.05) (Table 3).

The second cold test scores were significantly higher in carious
teeth with MIH than in carious teeth without MIH (p = 0.0001).
The first cold test values were significantly higher than the second
values for MIH teeth in the carious group (p < 0.05). The first cold
test values were significantly higher in the carious teeth without
MIH group (p < 0.05) (Table 3).

Analysis of the intraoperative pain results among
the groups

When considering the 10/10 EPT score as unresponsive
following the administration of local anesthesia, 88% of the carious
teeth with MIH group and 100% of the carious teeth without MIH
group were unresponsive to EPT, and the difference was nonsignif-
icant (p > 0.05).

The results of intraoperative pain scores differed significantly
between MIH presence or absence. Carious teeth in the MIH
group had higher results (p = 0.003). Additionally, according to the
records, none of the patients in the carious groups reported unbear-
able pain during the treatment procedures that would require the use
of adjunct methods.

Table 2: First EPT and cold test results of the groups

DISCUSSION

The present study was conducted with vital, asymptomatic
permanent molar teeth free of caries and caries to standardize pulp
status. Additionally, the groups were divided into subgroups as MIH
and without MIH teeth as carious and caries-free teeth. The results
showed a significant difference in anesthesia with sensitivity test
assessments. Therefore, our first hypothesis was partly rejected,
since no difference among the first EPT responses between carious
teeth in the MIH group and carious teeth in the without MIH group
was observed. Our second hypothesis was also partly rejected
since no significant difference was present between the initial EPT
scores of carious and caries-free teeth with MIH. However, the cold
responses were found to be higher for carious teeth with MIH than
for caries-free teeth with MIH.

It is expected that the presence of MIH results in a high suscep-
tibility to dental caries development.*®** Findings from the present
study also support that the ICDAS scores of the groups with MIH
were significantly higher than those of the groups without MIH
for carious teeth, even though there were no notable differences
among the radiographical caries depth between the groups. These
findings are similar to those showing that children with MIH have
higher DMF (decay-missing-filled) scores for their first permanent
molar teeth than children without MIH.?2¢ The high rate of caries

Groups 1st EPT 1st Cold Test
n mean % sd n mean t sd
Carious Teeth with MIH Group 25 4.9+ 1.94 25 4.9+ 2.54
Caries Free Teeth with MIH Group 10 5.1+ 0.9 10 3.8+ 2.38
Carious Teeth without MIH Group 25 4.8+ 1.24 25 4.8+ 1.54
Caries Free Teeth without MIH Group 10 5.9+ 0.9 10 2.3+ 0.98

Mann Whitney U Test, sd: Standard deviation, significancy level p<0.05. Superscript different uppercase letters withnin each colum shows statistical

difference amongst groups.

Table 3: Comparison of first and second EPT and cold test results for carious teeth with MIH and without MIH

EPT Cold Test
Groups 1st EPT 2nd EPT 1st Cold Test 2nd Cold Test
n meantsd n meantsd n meantsd n meantsd
Carious Teeth with MIH Group 25 4.9+1.9A2 25 9.1+1.940 25 4.9+2 572 25 2.0+£2.50
Carious Teeth without MIH Group 25 4.8+1.2A2 25 10.0£0.04 25 4.8+1.572 25 0.2+0.58°

Wilcoxon Signed-Rank Test, sd: Standard deviation, significancy level p<0.05. Superscript uppercase letter within each column shows statistical differ-
ence amongst groups. Superscript lower case letters within each row for each test show statistical difference.

Table 4: Pain during the treatment scores for carious groups

Mann-Whitney

Groups U Test
n
meantsd P
Carious Teeth with MIH Group 25 1.9+2.52.5
Pain duringthe - ious Teeth without MIH Group 25 0.4+1.2 0.003
treatment
Total 50 1.242.1

Mann Whitney U Test, sd: Standard deviation, significancy level p<0.05.
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incidence for the MIH group can be caused by the hypomineral-
ization of enamel combined with inadequate oral hygiene. Severely
affected enamel subjected to masticatory forces soon breaks down,
leading to unprotected dentine and rapid caries development. It
is also known that the severity of MIH may increase caries inci-
dence.'*?” To standardize the study group as much as possible, only
teeth showing typical caries with 3/4/5/6 ICDAS scores of asymp-
tomatic teeth were enrolled in the carious MIH group. Although
MIH molars with only post eruptive enamel breakdown are also in
need of restoration, since they do not have any caries, they were not
considered for the study population.

Although a precise explanation for hyperalgesia is lacking,
apparently localized elevations in tissue pressure and inflammatory
mediators that accompany acute inflammation play an important
role.?83! Three characteristics of hyperalgesia are spontaneous pain,
a decreased pain threshold, and an increased response to a painful
stimulus. The peripheral mechanism for these symptoms includes
a decrease in pain threshold level, an increase in responsiveness to
noxious stimuli, and the development of spontaneous discharges of
nociceptors. All three of these characteristics can be seen in patients
experiencing inflammatory pain of pulpal origin.’>3* According to
the results of this study, caries was a more prominent factor than
MIH for the initial cold results.

Dental caries and mineralization defects both might leave teeth
vulnerable and induce pulp tissue to protect vitality. However, it is
difficult to assess the certain state of the pulp without histological
examination.??33333¢ The results of the present study showed that
the first EPT and cold test results were not significantly different
between groups, suggesting that the initial state of dental pulp
should not differ. On the other hand, when the responses for the
second EPT and cold test for carious teeth with MIH and without
MIH were evaluated, the results showed that hypomineralization
affects the response of pulp tissue. Thus, even when teeth are anes-
thetized effectively, children with carious teeth along with MIH still
feel pain.

The initial results for the cold test showed that caries affects
the responses more predominantly than the presence of MIH, as
mentioned above. However, the results also showed that while local
anesthesia lowers the values of cold responses, it cannot eliminate
them completely, and the presence of MIH makes the responses to
the cold tests significantly more notable. The results of the present
study suggest that hypomineralization significantly affected pulp
tissue with a significant continuous response to cold, despite the
administration of local anesthesia for carious teeth.

The other sensitivity method used in the present study was
EPT. The working principle of EPT is to stimulate intact myelin-
ated A-delta fibers within the pulp-dentine complex by applying
electric current to the tooth surface. As a result of the ionic current
of dentine fluid in the dentine ducts, the action potential of intact
A-delta fibers is generated, and a positive result is obtained.’”** The
present study showed that second EPT values for teeth without MIH
were significantly higher than teeth with MIH for carious groups.

The difference between the first and second EPT or cold test
values might be related to the pulp response after anesthesia. The
response of EPT and cold test might be differentiated because of the
mechanism of action against the A-delta fibers for carious teeth with
MIH and without MIH. The results indicate that anesthetics had an

208 doi 10.17796/1053-4625-46.3.6

inducement effect on carious teeth, which was due to the signifi-
cantly higher second EPT values than first EPT values. The second
cold test values were significantly lower than the first values, and
this result might also be related to the effectiveness of anesthesia.
Even though the cold responses were decreased after the adminis-
tration of local anesthesia, they were not eliminated completely for
carious teeth with MIH.

Rodd et al’ demonstrated on extracted teeth that MIH challenges
pulp when compared to teeth without MIH. It has been shown that
hypomineralized permanent first molars demonstrate changes in
pulpal innervation, vascularity, and immune cell accumulation that
are indicative of underlying pulpal inflammation and may help to
explain the heat sensitivity experienced by some patients. These
studies'*%7 showed that even caries-free teeth with MIH might
have pulpal inflammation. Although the present study did not
investigate the histology of the pulp of carious teeth with MIH, the
results suggested that when MIH teeth have caries, pulpal condition
is much more affected since the initial EPT results and cold test
showed that those teeth are significantly more sensitive than teeth
without caries with MIH.

According to the results, there was a significant difference
between the groups for carious teeth with MIH and without MIH
for pain during the treatment procedure. The intraoperative pain
was significantly higher for carious teeth in the MIH group. This
result might also be related to the different pulp tissue structures.
Hypomineralization might leave the tooth vulnerable to environ-
mental factors, which is due to weak enamel and widened dentine
tubules. Therefore, this enamel-dentine differentiation might cause
high-level sensitivity of pulp tissues.>**

Within the limitations of this study, these different EPT and cold
test results might be correlated with hypomineralization. Thus, this
study may add some evidence to the difficulties in anesthetizing
teeth with MIH. EPT provides information about nerve conduction
and the presence of nerve fibers, but the integrity and health status
of the pulp cannot be determined. According to the literature, there
was no correlation between the positive response of pulp tissue and
the histological status of the pulp.’” One of the limitations of the
present study is that even though we attempted to standardize the
characteristics of the carious lesions in enrolled teeth, one should
keep in mind that it will never be possible to provide exact caries
characteristics, such as radiographic caries depth and ICDAS scores,
for all included teeth.

In the present study, block anesthesia for both maxillary and
mandibular teeth was applied to ensure anesthesia effectiveness.
Effectiveness of anesthesia controlled with the presence of numb-
ness with a fine-tipped probe. The failure of anesthesia is generally
controlled by numbness in the lip, cheek, and tongue, but these
findings may not be as accurate as EPT. In the present study, the
clinician performing the restoration was blinded to the EPT scores
to mimic the clinical conditions, since EPT is not a routine applica-
tion for controlling the effectiveness of anesthesia. Therefore, we
relied on numbness, rather than EPT results, to confirm the presence
of anesthesia. However, the results from the present study showed
that 88% of the carious group with MIH and 88% of the group
without MIH showed 100% unresponsive to EPT. The difference
among the groups was not significantly different, suggesting that
both groups were effectively anesthetized. Even though the patients
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reported discomfort during the restoration, none of them reported
it to be unbearable and required further intervention. It should be
kept in mind that all the patients in the present study scored 4 or
5 anxiety level with the Modified Frankl Scale, which shows the
highest compatibility, and the results might differ when the anxiety
level of patients also differs.

Another suggestion for providing anesthesia is the use of anal-
gesics before the administration of local anesthesia for teeth with
irreversible pulpitis.*#? In addition, recent research has addressed
the effectiveness of intraosseous anesthesia in MIH.** The use
of ozone therapy, lasers and remineralizing agents with casein
phosphopeptide-amorphous calcium phosphate (CPP-ACP) has
been effective in eliminating hypersensitivity in caries-free teeth
with MIH for anterior teeth.”® Since the findings from the present
study showed that pulpal anesthesia is achieved but responses to
cold tests for MIH teeth are not totally eliminated, preoperative
administration of analgesics, drugs or the use of different remineral-
izing agents before the treatments might be helpful in reducing the
sensitivity to cold. Detailed further studies are needed to confirm
this finding.

CONCLUSIONS

Hypersensitivity in MIH teeth is an important issue that leads
us to improve our treatment procedures, such as adding ozone
therapy, CPP-ACP, analgesics, behavior management methods or
sedation/general anesthesia, to provide more comfortable treatment
sessions for patients. This prospective clinical study showed that the
administration of local anesthesia before treatment provides suffi-
cient anesthesia; however, it does not eliminate the feeling of cold
and pain during treatment. Therefore, it might be concluded that
supplemental or more local anesthesia would not be helpful to elim-
inate sensitivity; alternative methods should be investigated along
with further histopathological studies to solve this hypersensitivity
problem in MIH teeth.

Funding:

This prospective clinical study was approved by Baskent
University Medical and Health Sciences Research Board (Project
no: D-KA 15/23) and supported by Bagkent University Research
Fund.

The Journal of Clinical Pediatric Dentistry ~ Volume 46, Number 3/2022

REFERENCES

1. Rodd HD, Boissonade FM, Day PF. Pulpal Status of Hypomineralized
Permanent Molars. Pediatr Dent, 2007, 29: 514-520.

2. Weerheijm KL, Jilevik B, Alaluusua S. Molar-incisor hypomineraliza-
tion. Caries Res, 2001,35: 390-391.

3. Lygidakis NA, Wong F, Jilevik B, Vierrou AM, Alaluusua S, Espelid
1. Best Clinical Practice Guidance for clinicians dealing with children
presenting with Molar-Incisor-Hypomineralization (MIH): An EAPD
Policy Document. Eur Arch Paediatr Dent, 2010, 11: 75-81.

4. Bandeira Lopes L, Machado V, Botelho J, Haubek D. Molar-incisor
hypomineralization: an umbrella review. Acta Odontol Scand, 1-11, 2021.
Online ahead of print.

5. Weerheijm KL. Molar incisor hypomineralization (MIH): Clinical
presentation, aetiology, and management. Dent Update, 2004, 31: 9-12.

6. Giuca MR, Lardani L, Pasini M, Beretta M, Gallusi G, Campanella V.
State-of-the-art on MIH. Part. 1 Definition and aepidemiology. Eur J
Paediatr Dent, 2020, 21: 80-82.

7. Rodd HD, Morgan CR, Day PF, Boissonade FM. Pulpal expression of
TRPVI in molar incisor hypomineralisation. Eur Arch Paediatr Dent,
2007, 8: 184-188.

8. Jilevik B, Klingberg G. Dental treatment, dental fear and behaviour
management problems in children with severe enamel hypomineralisa-
tion of their first permanent molars. Int J Paed Dent, 2002, 12: 24-32.

9. William V, Messer LB, Burrow MF. Molar incisor hypomineralization:
Review and recommendations for clinical management. Pediatr Dent,
2006, 28: 224-232.

10. Fagrell TG, Lingstrom P, Olsson S, Steiniger F, Norén JG. Bacterial
invasion of dentinal tubules beneath apparently intact but hypomineral-
ized enamel in molar teeth with molar incisor hypomineralisation. Int J
Paediatr Dent, 2008, 18: 333-340.

11. Fayle SA. Molar incisor hypomineralization: Restorative management.
Eur J Paediatr Dent, 2003, 4: 121-126.

12.  Olgart L, Kerezoudis NP. Nerve-pulp interactions. Arch Oral Biol, 39:
47-54, 1994.

13.  Riba H, Al-Zahrani S, Al-Bugmi N, Al-Jundi A. A Review of Behavior
Evaluation Scales in Pediatric Dentistry and Suggested Modification to
the Frankl Scale. EC Dental Science, 2017, 16 (6): 269-275.

14.  Pitts NB, Ekstrand KR. International Caries Detection and Assessment
System (ICDAS) and its International Caries Classification and Manage-
ment System (ICCMS) — methods for staging of the caries process and
enabling dentists to manage caries. Community Dent Oral Epidemiol,
2013, 41: 41-52.

15. Ekstrand KR, Ricketts DNJ, Kidd EAM, Qvist V, Schou S. Detection,
diagnosing, monitoring and logical treatment of occlusal caries in relation
to lesion activity and severity: an in vivo examination with histological
validation. Caries Res, 1998, 32: 247-254.

16. Ekstrand KE, Ricketts DN, Longbottom C, Pitts NB. Visual and tactile
assessment of arrested initial enamel caries lesions: an in vivo examina-
tion. Caries Res, 2005, 39: 173-177.

17.  Ekstrand KR, Zero DT, Martignon S, Pitts NB. Lesion activity assess-
ment. Monogr Oral Sci, 2009, 21: 63-90.

18.  Mitropoulos P, Rahiotis C, Stamatakis H, Kakaboura A. Diagnostic
performance of the visual caries classification system ICDAS II versus
radiography and micro-computed tomography for proximal caries detec-
tion: an in vitro study. J Dent, 2010, 38: 859-867.

19.  Ghanim A, Elfrink M, Weerheijm K, Marifio R, Manton D. A practical
method for use in epidemiological studies on enamel Hypomineralisation.
Eur Arch Paediatr Dent, 2015, 16 (3): 235-246.

20. Dastmalchi N, Jafarzadeh H, Moradi S. Comparison of the Efficacy of
a Custom-made Pulse Oximeter Probe with Digital Electric Pulp Tester,
Cold Spray, and Rubber Cup for Assessing Pulp Vitality. J Endod, 2012,
38: 1182-1186.

21. Kiihnisch J, Daublénder M, Klingberg G, Dougall A, Spyridonos Loizides
M, Stratigaki E, Amar JL, Anttonen V, Duggal M, Gizani S. Best clinical
practice guidance for local analgesia in paediatric dentistry: an EAPD
policy document. Eur Arch Paediatr Dent, 2017, 18 (5): 313-321.

22.  Tomlinson D, von Baeyer CL, Stinson JN, Sung L. A systematic review
of faces scales for the self-report of pain intensity in children. Pediatrics,
2010,126: 1168-1198.

doi 10.17796/1053-4625-46.3.6 209

220z AInf 1 uo Jasn [eydsoH @ 868100 [elua@ YeadeApiA neieyg Aq Jpd-y0zZ-€-91-892G-2GS L/¥Z 1L 980€/¥0Z/€/9¥/3pd-a1o1e/pdof/woo-ssaidus|ie uelpusw;/:dpy wol pspeojumoq



Does MIH Affects Preoperative and Intraoperative Hypersensitivity?

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ozgul BM, Saat S, Sonmez H, Tulga Oz F. Clinical evaluation of desen-
sitizing treatment for incisor teeth affected by molar-incisor hypominer-
alization. J Clin Pediatr Dent, 2013, 38: 101-105.

Americano GC, Jacobsen PE, Soviero VM, Haubek D. A systematic
review on the association between molar incisor hypomineralization and
dental caries. Int J Paediatr Dent, 2017, 27 (1): 11-21.

Americano GC, Jorge RC, Moliterno LF, Soviero VM. Relating molar
incisor hypomineralization and caries experience using the decayed,
missing, or filled index. Pediatr Dent, 2016, 38 (5): 419—424.

Groselj M, Jan J. Molar incisor hypomineralisation and dental caries
among children in Slovenia. Eur J Paediatr Dent, 2013, 14 (3): 241-245.
Negre-Barber A, Montiel-Company JM, Catala-Pizarro M, Almer-
ich-Silla JM. Degree of severity of molar incisor hypomineralization and
its relation to dental caries. Sci Rep, 2018, 8 (1): 1248.

Heyeraas KJ, Berggreen E. Interstitial fluid pressure in normal and
inflamed pulp. Crit Rev Oral Biol Med, 1999, 10: 328-336.

Stenvik A, Iverson J, Mjor TA. Tissue pressure and histology of normal
and inflamed tooth pulps in Macaque monkeys. Arch Oral Biol, 1972,
17: 1501-1511.

Tonder KJH, Kvininsland I. Micropuncture measurements of interstitial
fluid pressure in normal and inflamed dental pulp in cats. J Endod, 1983,
9: 105-109.

Van Hassel HJ. Physiology of the human dental pulp. Oral Surg Oral Med
Oral Path, 1971, 32: 126-134.

Vongsavan N, Matthews B. The relation between fluid flow through
dentine and the discharge of intradental nerves. Arch Oral Biol, 1994,
39: 140-141.

Matthews B, Vongsavan N. Interactions between neural and hydrody-
namic mechanisms in dentine and pulp. Arch Oral Biol, 1994, 39: 87-95.
Fristad I, Berggreen E. Structure and Functions of the Dentin-Pulp
Complex. In: Hargreaves KM, Berman LH, Rotstein I (editors) Cohen’s
Pathways of the Pulp. 11th ed. Missouri: Elsevier-St. Louis, 532-572,
2016. International Standard Book Number 978-0-323-09635-5.
Nusstein J, Wood M, Reader A, Beck M, Weaver J. Comparison of the
degree of pulpal anesthesia achieved with the intraosseous injection and
infiltration injection using 2% lidocaine with 1:100,000 epinephrine. Gen
Dent, 2005, 53: 50-53.

Fowler S, Drum M, Reader A, Beck M. Anesthetic success of an inferior
alveolar nerve block and supplemental articaine buccal infiltration for
molars and premolars in patients with symptomatic irreversible pulpitis. J
Endod, 2016, 42: 390-392.

Kara Tuncer A, Kayatas M, Tuncer S. Pulp Diagnostic Tests. Bezmialem
Science, 2014, 2: 61-64.

Narhi M, Virtanen A, Kuhta J, Huopaniem T. Electrical stimulation of
teeth with a pulp tester in the cat. Scand J Dent Res, 1979, 87: 32-38.
Bréannstrom M. The hydrodynamic theory of dentinal pain: sensation in
preparations, caries and dentinal crack syndrome. J Endod, 1986, 12:
453-457.

Mumford JM. Pain perception threshold on stimulating human teeth and
the histological condition of the pulp. Br Dent J, 1967, 123: 427-433.
Oleson M, Drum M, Reader A, Nusstein J, Beck M. Effect of preoperative
ibuprofen on the success of the inferior alveolar nerve block in patients
with irreversible pulpitis. J Endod, 2010, 36: 379-382.

Fullmer S, Drum M, Reader A, Nusstein J, Beck M. Effect of preoperative
acetaminophen/hydrocodone on the efficacy of the inferior alveolar nerve
block in patients with symptomatic irreversible pulpitis: a prospective,
randomized, double-blind, placebo-controlled Study. J Endod, 2014, 40:
1-5.

Bigby J, Reader A, Nusstein J, Beck M, Weaver J. Articaine for supple-
mental intraosseous anesthesia in patients with irreversible pulpitis. J
Endod,2006, 32: 1044-1047.

210 doi 10.17796/1053-4625-46.3.6

The Journal of Clinical Pediatric Dentistry

Volume 46, Number 3/2022

220z AInf 1 uo Jasn [eydsoH @ 868100 [elua@ YeadeApiA neieyg Aq Jpd-y0zZ-€-91-892G-2GS L/¥Z 1L 980€/¥0Z/€/9¥/3pd-a1o1e/pdof/woo-ssaidus|ie uelpusw;/:dpy wol pspeojumoq



