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Abstract

Aim: The purpose of this study, planned as a splint mouth design, is to compare
the effects of different rapid maxillary expansion (RME) appliances on the
hardness values of teeth.

Methodology: This study utilized extracted upper first premolar teeth from a
previous study conducted on 20 patients. Five patients were excluded from this
study due to fractures of the tooth crown during extraction, which also
necessitated the exclusion of the opposing arch teeth. The extracted teeth were
stored in distilled water at +4 degrees Celsius. The crowns and roots of these
teeth were separated at the cementoenamel junction using an aerator and a
diamond bur under water cooling. The crowns were then embedded into rings of
standard thickness using the cold acrylic dripping method. Hardness
measurements were performed using a Vickers Hardness tester. Enamel samples
obtained from the patients were placed under a test microscope and examined
at X40 magnification; force was applied to each enamel sample for 10 s. The
device automatically calculated and recorded the microhardness value
relationship. The Shapiro-Wilk test was used to confirm the normal distribution
of the data. Comparisons between groups were conducted using Student’s t-test.

Results: The group using the hybrid maxillary expansion appliance showed
lower hardness values than the conventional group, although the difference was
statistically significant.

Conclusion: Fixed orthodontic treatments increase the demineralization of
teeth. Therefore, individual or preventive measures by dentists or orthodontists
should be taken against mineral losses.
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Introduction

Skeletal transverse deficiency stems from transverse
incompatibility between the lower and upper jaws,
constituting a skeletal disorder (1). Rapid maxillary
expansion (RME) has long been a leading method for
treating cases of transverse deficiency in the upper jaw
(2). The appliance used during rapid maxillary expansion
should be designed according to the patient's age,
skeletal and muscular structure, severity of the
constriction, oral hygiene, cooperation, axial inclination
of the upper molars and premolars, and the
biomechanical needs of the case (3). Before the use of
mini-screws, which are prevalent today, osteosynthesis
plates, osseointegrated implants, onplants, and the
distraction method used in severe maxillary constrictions
were employed to expand the upper jaw by obtaining
support from bone. However, these methods, being
invasive and expensive and requiring a waiting period for
osseointegration of implants, have been replaced by
immediately loadable, inexpensive, and clinically easy-
to-apply mini-screws (4). Clinically, the ease of
application, the absence of surgical procedures, and
cost-effectiveness have led to bone support being
provided with mini-screws applied to the palatal bone
(5).

The enamel is a porous and semi-permeable mineral
structure that allows partial or complete passage of
various fluids, ions, and low-molecular-weight
substances. Biological factors such as saliva, dental
plaque, and the physicochemical structure of the tooth
are crucial in demineralization and subsequent caries
formation (6). Numerous studies have assessed the
impact of orthodontic treatment on mineral loss in
enamel (7-9). Orthodontic attachments or appliances,
owing to their prolonged contact with tooth structures,
reduce the cleansing and neutralizing effect of saliva,
and increase plaque accumulation. This situation induces
a risk of mineral loss in the hard tissues of the teeth,
thereby reducing enamel hardness (10). Increased
demineralization and reduced remineralization lead to
structural degradation, surface dissolution, and
demineralization of the superficial enamel layer (11). In
the literature, surface hardness measurements have
frequently been used to detect demineralization and
remineralization (12-14). Changes in the mineral content
of enamel influence its hardness; hence, hardness
measurements can be applied as accurate and feasible
methods for  assessing  demineralization and
remineralization. The Vicker’s hardness test is the most
commonly used method for this purpose (13).

The aim of this study is to compare the Vicker’s
hardness values of premolar teeth extracted after a 3-
month retention period in patients who underwent
conventional (bonded) expansion and those who received
a modified rapid maxillary expansion appliance,
supported on one side by bone and on the other by tooth-
tissue, following the extraction of two premolars
indicated for therapeutic purposes after maxillary
expansion.
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Materials and Methods

This study was approved by the Necmettin Erbakan
University Dentistry Non-Medical Device and Drug
Research Ethics Committee (Number: 2024/391). The
study included a total of 20 patients, comprising 11
females and nine males, who participated in a study
conducted by Yildirnm and Akin in 2019 (15). A total of
40 upper right and left first premolar teeth, extracted
for treatment purposes, were used. The extracted teeth
were first analyzed for root resorption using a micro-CT
device (Scanco Medical mCT 50; Bassersdorf,
Switzerland), followed by hardness testing of the crowns
to evaluate changes in mineralization. The inclusion
criteria are listed in Table 1.

Patients aged 11-16 years

No previous orthodontic treatment

Insufficiency in the transverse direction in the maxillary
apical base

Indication for extraction of the upper first premolar
teeth during fixed treatment to be performed after rapid
maxillary expansion

Indication for extraction of upper first premolar teeth
during fixed treatment to be performed after rapid
maxillary expansion

Good oral hygiene

Absence of any oral or systemic disease

Absence of a history of continuous drug use and smoking

A modified rapid maxillary expansion appliance was
applied to the individuals included in the study. The
modified appliance was designed to be tooth-supported
on one side with bone support provided by a palatal mini-
screw on the other side. Before manufacturing the
modified appliance, Neoanchor Plus (KJ Meditech, Seoul,
South Korea) mini-screws were inserted at a distance of
6-8 mm from the palatal gingival margin of the second
premolar and first molar, at an angle of 15-20 degrees to
the occlusal plane. Although the teeth in the tooth-
supported area were covered with acrylic on their
occlusal surfaces, the tooth surfaces in the mini-screw-
applied area were left exposed (Fig. 1).

To prevent elongation of the teeth in this area, a
unilateral occlusal elevated mandibular essix plate was
applied to the patients (Fig. 2).

The rotation protocol was terminated after
sufficient expansion and overcorrection were achieved,
and the Hyrax screw was stabilized with a ligature. The
appliance was left in the mouth for three months for
retention. Extractions of the first premolars, which were
indicated for extraction in the study, were performed.
However, the teeth of five patients who broke during
extraction were excluded from the study, along with the
opposing arch teeth. Therefore, 30 upper first premolar
teeth were examined in this study. tissues and debris on
the teeth were cleaned with distilled water and a
sponge. The extracted teeth were stored in distilled

International Dental Research



Int Dent Res 2024; 14(51): 45-49

Sagoglu et al.

water at +4 degrees Celsius. The crowns and roots of the
extracted teeth were separated at the enamel-cement
junction under water cooling using an aerator and
diamond bur, and the crowns were embedded in rings of
standard thickness using cold acrylic (Panacryl, Kent
Dental, Tirkiye) (Fig. 3).

Figure 1. Modified rapid maxillary appliance design.

Figure 2. Mandibular Essix appliance.

For the hardness measurement, a Vickers hardness
testing device (Microbul-30-N, Micro Vickers Hardness
Tester, Bulut Machine, Istanbul, Tirkiye) was used. The
enamel samples obtained from the patients were placed
under a test microscope and moved until a clear image

was obtained at X40 magnification. A load of 200 g was
applied for 10 s on 30 enamel samples. The diagonal
length of the indentation created by the diamond tip on
the enamel was measured in microns, and the
microhardness value relationship was automatically
calculated by the device and recorded as the Vickers
Hardness Value (VHV) on the device screen.
Subsequently, the values were compared.

Figure 3. Embedding teeth in acrylic

Statistical analysis

Data were analyzed using IBM SPSS V23 software (SPSS
version 23, IBM, Armonk, NY, US).

In this study, the Shapiro-Wilk normality test was
conducted to assess the normality of the data between
the two groups. Test results confirmed that the data
were normally distributed. Based on this, an
independent samples t-test was performed to determine
the differences between the two groups. The point of
statistical significance was determined at the p<0.05
level.

Results

The mean age of the individuals included in the study
was 14.31 + 1.36 years. Teeth treated with the hybrid
maxillary expansion appliance demonstrated slightly
lower hardness values (258.28 + 57.78) compared to
those treated with the conventional appliance (262.56 +
32.05). This difference was found to be statistically
significant (p = 0.038; Table 2). The standard deviation
was notably higher in the hybrid group, indicating
greater variability in hardness values within this group.

Table 2. Comparison of hardness values between hybrid and conventional side teeth

Conventional 15

262.56 32.05

Hybrid 15

0.038

258.28 57.78

Student’s t-test, Mean, SD: Standard deviation, p: significance value
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Discussion

Considering the potential risks that a mini-screw applied
to the palatal region may pose to unerupted teeth,
individuals aged between 11 and 16 years who were in
their permanent dentition phase were included in this
study. Upper jaw constriction, which disrupts the
transverse relationship between the jaws, is a common
and correctable orthodontic anomaly (16). To enhance
the orthopedic impact and prevent the tipping of teeth
in the buccal segment, researchers have developed fully
bonded appliances that entirely encase the teeth and
palatal tissues with acrylic (17). This modification allows
for an adjusted force application, in terms of both
magnhitude and duration. Recently, appliances that
facilitate bone-supported expansion through the
application of mini-screws solely to the palatal bone,
thus eliminating reliance on dental support, have been
used (18-20). Ludwig et al. noted that mini-screws are
particularly well-suited for placement in the palatal area
between the fifth and sixth teeth because of their wide
spacing and sufficient cortical bone structure (21). Lin et
al. employed the C-expander, a device supported by four
mini-screws, and an acrylic plate designed to expand the
upper jaw (22). This appliance utilizes screws positioned
between the canine and first premolar, and between the
second premolar and first molar. Akin et al. have
developed a palatal expander that can be implemented
with two mini-screws, named the "Hybrid Expander” (20).
This device, comprising two mini-screws and acrylic in
the palatal region, provides additional support from a
mini-screw placed between the fifth and sixth teeth,
enhanced by acrylic pads to bolster palatal tissues. The
appliance utilized in this study featured a fully bonded
appliance on one side and a Hybrid Expander on the
other.

The hardness value of enamel varies from individual
to individual and between different tooth groups (23).
Consequently, this study compared the hardness values
of the right and left first premolars of the same patients.
Half of the participants had their right first premolar
randomly left within the appliance, while the other half
had the left. Orthodontic treatment is recognized as a
significant risk factor for the demineralization of hard
dental tissues, and the design, manner of use, and
duration of appliances employed influence enamel
demineralization (7,10). It has been documented in the
literature that demineralization can be detected by a
reduction in enamel microhardness (24). Therefore, a
hardness test was utilized in our study as an effective
method to assess changes related to both
demineralization and remineralization events in the
enamel (12). Various studies have employed hardness
tests to evaluate changes in the mineral content of
enamel, with enamel surface hardness typically
measured using Vickers and Knoop hardness tests (12-
14). In this study, a Vickers hardness test was performed.
Owing to the in vitro applicability of microhardness tests,
our study included patients who required fixed treatment
after tooth extraction during the retention period
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following Rapid Maxillary Expansion (RME) treatment.
Assuming no initial differences in the right and left teeth
of the same patient at the start of treatment, the
hardness values of the teeth extracted after the
retention period were compared.

For accurate microhardness measurements, the
sample surfaces must be flat and polished (25).
Therefore, following the RME treatment, the buccal
surfaces of the extracted teeth were polished using
silicon carbide sandpapers. Similar to the protocol
described by Zheng et al., the extracted teeth were
stored in distilled water at +4 degrees Celsius until the
day of the study (26). Herkstroter et al. were referenced
for sample preparation, and enamel samples were
embedded in acrylic blocks within rings of standard
thickness (27). Before the hardness test, the teeth were
dried with tissue to prevent erroneous readings caused
by light refraction of the wet enamel. If acrylic coverage
is not maintained correctly, it forms a potential
retention area harboring plaque, affecting oral hygiene
and appliance care (10). Birdsall and Robinson reported
severe mineral losses in hard dental tissues using an Essix
retainer throughout the day (excluding meals) (28). They
reported that the Essix retainer created an environment
conducive to the accumulation of acidic beverages
around the teeth, thereby limiting saliva flow and
reducing its cleaning and buffering capabilities (28). Due
to variations in enamel hardness, our study compared the
hardness values of the upper first premolar teeth both
inside and outside the RME appliance to detect potential
demineralization due to appliance use. The findings of
this study revealed that maxillary first premolars not
covered by the acrylic coating exhibited lower hardness
value.

Conclusion

The absence of an acrylic-covered surface in the hybrid
maxillary expansion appliance allows direct contact
between the teeth and saliva, thereby promoting
remineralization. This was considered an advantage over
fully acrylic-covered appliances by our research team.
However, contrary to expectations, teeth treated with
the hybrid appliance exhibited lower hardness values
compared to those treated with the fully acrylic-covered
appliance, indicating a greater degree of
demineralization. Therefore, individual preventive
measures should be taken to minimize mineral loss
during orthodontic treatment.
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