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SYNOPSIS

Use of orthodontic anchor screws (hereinafter referred to as anchor screws) is an effective treatment
option. On the other hand, anchor screws may become dislodged or break. It has been reported that the
thickness of the cortical bone and the insertion torque value during implantation affect the dislodgement
of the anchor screw on the buccal aspect, and that periotest (PT) value is an important prognostic
predictor after implantation. With the aim of evaluating the success rate of midpalatal screw implantation
in the molar region, this study examined factors that affect the success rate as well as prognosis after
implantation. The study examined 81 midpalatal orthodontic anchor screws inserted in the molar region of
51 patients (2 men and 49 women). We compared a group of patients for whom treatment was successful
and that of patients for whom screw dislodgement occurred by measuring the following: 1. the
dislodgement rate; 2. the thickness of palatal bone and mucosa; 3. the insertion torque value during
implantation; and 4. PT values.

The success rate was 87.7%, and the dislodgement rate was 12.3%. Midpalatal screws inserted in the
molar region were considered stable. No significant difference was observed between the two groups in
terms of the thickness of palatal bone and mucosa. However, there was a tendency for palatal bone to be
thick and palatal mucosa to be thin in the success group. No significant difference was observed between
the two groups in insertion torque values, which were 27.97+5.15 Ncm in the success group and 27.9545.46
Ncm in the dislodgement group. Meanwhile, PT values directly after implantation were significantly
smaller in the dislodgement group than in the success group. However, the values in the dislodgement
group drastically increased with time. At 3 months following implantation, PT values in the dislodgement
group were significantly greater than those in the success group. The above findings suggested that it is
important to intraoperatively monitor PT values when inserting a midpalatal screw for orthodontic
anchorage in the molar region to ensure that PT values are not excessively low.

Key words: midpalatal, orthodontic anchor screw, periotest

INTRODUCTION

Recent years have seen an increase in the use of
orthodontic anchor screws (hereinafter referred to as
anchor screws) in orthodontic treatment. A study has
found that anchor screws provide an effective source of
absolute fixation for patients requiring the maximum
anchorage, and that the outcomes of treatment using
such screws are highly predictable”. Using anchor
screws is beneficial not only to the orthodontist but also

to the patient because of benefits such as a reduced
treatment period. On the other hand, use of anchor
screws involves various risks such as screw dislodgement
and breakage, dental root contact and damage, dental
nerve damage, and maxillary perforation®¥. Also, the
dislodgement of an anchor screw can affect the
orthodontic treatment plan, potentially posing a
significant burden on the orthodontist and patient, such
as changing the treatment plan and extending the
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treatment period due to re-implantation.

Moreover, recent studies have reported on the
implantation of midpalatal anchor screws in the molar
region while a considerate amount of existing research
has been focused on areas between dental roots on the
buccal aspect’. Implantation of a midpalatal anchor
screw in the molar region has an advantage that the
midpalatal area does not involve any anatomical
structures such as dental roots, blood vessels, and
nerves”. It is considered that from a morphological
perspective, the midpalatal area is a suitable site for the
implantation of an anchor screw®. However, the success
rate of midpalatal anchor screw implantation in the
molar region varies ranging from 76% to 92% even if a
surgeon with 7-8 years of clinical experience performs
the procedure”. Various studies have therefore been
conducted with the aim of increasing the success rate of
anchor screw implantation in the midpalatal area. These
studies have suggested that the following aspects may
affect the stability of the anchor screw: patient factors;
the length and shape of the anchor screw; and the
surgical technique employed during implantation®.
However, the cause of fluctuation in the success rate
remains unknown. Meanwhile, Watanabe et al.”
implanted anchor screws between molar roots on the
buccal aspect. The researchers stated that insertion
torque values and periotest values (hereinafter referred
to as PT values) may be important indicators in
predicting prognosis after implantation. This study,
therefore, aimed to explore the factors that may affect
prognosis after the implantation of midpalatal anchor
screws in the molar region. In so doing, the following
aspects were measured and evaluated: the insertion
torque values and PT values of anchor screws; and the
thickness of palatal bone and mucosa.

MATERIALS AND METHODS
1. Materials

Subjects were 51 patients (2 men and 49 women with
a mean age of 24.6+8.3 years) who gave consent to
participate in this study, which was conducted at the
Department of Orthodontics at Aichi Gakuin University
Dental Hospital. The patients required orthodontic
treatment involving the implantation of a midpalatal
orthodontic anchor screw in the molar region. The
eligibility criteria for this study were as follows: not
exhibiting a cleft lip or cleft palate; having no impacted
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tooth at the site of implantation; and having no systemic
disease. The study examined 81 anchor screws with a
diameter of 2.0 mm and a length of 6.0 mm (Dual-Top
Auto Screw, Proseed, Japan) that were implanted in the
midpalatal area of the molar region of the subjects.

To examine the thickness of palatal bone and mucosa
at the site of implantation as well as considering the
orientation of implantation prior to the implantation
procedure, we prepared a surgical guide stent with
reference to methods by Miyazawa et al.'?. The stent
was prepared using a study model (Fig. 1). The surgical
guide stent was then placed in the mouth of the patient,
and images were taken with a slice thickness of 0.2 mm
by cone beam CT (hereinafter referred to as CBCT)
(Alphard VEGA, Asahi Roentgen, Japan), to consider
the orientation of implantation.

2. Methods

A surgical guide stent was used for all patients during
implantation, and the same surgeon implanted 1 or 2
midpalatal screws in the molar region using the same
surgical technique. For all patients, ligature wires were
used in fixing the anchor screws in the midpalatal area
along with a modified transpalatal bar that was attached
to the maxillary first molars (Fig. 2). A load was applied
after the completion of a 2-week load-free period”. A
successful procedure was defined as one in which the
anchor screw was not dislodged during the period from

Fig. 1. A surgical guide stent used during implantation
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implantation to the completion of orthodontic treatment.
Dislodgement was defined as a case where either the
anchor screw was spontaneously dislodged during the
period from implantation to the completion of
orthodontic treatment, or the screw was removed due to
infection or mobility.

This study examined the following four items: 1. the
rate of anchor screw dislodgement and the time of
dislodgement; 2. the thickness of palatal bone and
mucosa at the site of implantation; 3. insertion torque
values during implantation; and 4. the degree of anchor
screw mobility after implantation (PT values) and
chronological changes. The time of dislodgement was
classified into the following 3 groups for examination:
from directly after implantation to less than 3 months;
from 3 months after implantation to less than 6 months;
and 6 or more months after implantation.

The thickness of palate bone and mucosa at the site of
implantation was measured using image measuring
software (Aquarius Net Viewer Ver. 4.4, Terarecon, US)

Fig. 2. An anchor screw implanted in the midpalatal area of the
molar region, and a modified transpalatal bar

Arrow: Anchorage screw
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as well as CBCT images. In doing so, the following
was used as a reference point: a stainless-steel guide
tube (SUS-304, Nilaco, Japan) that was implanted at the
center between the first molars on the midpalatal aspect
of the surgical guide stent. The measurement plane was
adjusted in a way such that the frontal section and
sagittal section remained parallel to the major axis of the
stent tube. The thickness of palatal bone and mucosa
was then measured (Fig. 3). Insertion torque values
during implantation were measured using a torque driver
(KANON umbrella-type torque driver, Nakamura Mfg,
Japan) and an electric torque driver (ORTHONIA,
Proseed, Japan) (Fig. 4).

Periotest (Tokyo Dental Industrial, Japan) was used in
measuring anchor screw mobility. PT values range from -
8 to +50. A PT value of -8 to +9 indicates normal,
physiological tooth mobility; a low PT value indicates low
mobility (i.e., high stability)'”. A method devised by
Watanabe et al.” was used in adjusting PT values in this
study: 8 was added to all PT values obtained so that all

A: Coronal view

Fig. 3. CBCT images when a surgical guide stent for implantation
was placed while measuring the thickness of palatal bone
and mucosa
A: coronal view, B: sagittal view
1: Thickness of palatal bone, 2: Mucosal thickness
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measurement values would be 0 or greater. Additionally,
it was difficult to measure the anchor screw in the
vertical or horizontal direction because the midpalatal
area of the molar region is likely affected by the degree
of mouth opening of the patient as well as by the
maxillary and mandibular anterior teeth when inserting a
periotest handpiece into the mouth.

A handpiece was inserted into the mouth at an angle
of 60-70 degrees relative to the occlusal plane to make it
easy to use the handpiece. PT values were measured 10

Fig. 4. Tools used in measuring insertion torque values
A: Torque driver, B: Electric torque driver
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times for each anchor screw, and the mean values were
used as measurement values (Fig. 5). Chronological
changes in PT values were measured at the time of
implantation of the anchor screw, and at 2 weeks, 1
month, 3 months, 6 months, and 12 months after
implantation. The success group and the dislodgement
group were then compared.

3. Statistical analysis
Data obtained are shown with mean values and

inserting a periotest
handpiece

Fig. 5. Periotest and the method of intraoral measurement

A: Periotest used in examining the degrees of mobility
B: The method of inserting the handpiece during measurement
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standard deviation. In testing statistically significant
differences, the Wilcoxon rank-sum test was performed
using statistical analysis software (JMP Ver. 14.0.0, SAS,
US); the Kruskal-Wallis test was performed for
chronological changes in PT values. Statistical
significance was defined as p<0.05.

This study was approved by the institutional review
board of Aichi Gakuin University, School of Dentistry.
(Approval No. 11).

REsuLTs
1. Rate and time of dislodgement

The rate of anchor screw dislodgement was 12.3%; 10
out of 81 screws became dislodged during the
orthodontic treatment period. From among a total of 81
anchor screws implanted, the percentage and time of
dislodgement were as follows: 4.9% (4 screws) during
the period from directly after implantation to less than 3
months; and 2.5% (2 screws) from 3 to less than 6
months. It was found that 7.4% of all screws examined
were dislodged at an early stage after implantation (i.e.,
less than 6 months) (Fig. 6, Table 1).

O Success
@ Dislodgement

Fig. 6. The dislodgement rate of anchor screws implanted in the
midpalatal area of the molar region

Table 1. Time of dislodgement and the number of screws dislodged
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2. Thickness of palatal bone and mucosa

The mean thickness of palatal bone at the site of
implantation was 5.32£1.72 mm in the success group
whereas that in the dislodgement group was 4.85+0.99
mm. While no significant difference was observed
between the 2 groups, palatal bone at the site of
implantation was slightly thicker in the success group
than in the dislodgement group.

The mean mucosal thickness at the site of
implantation was 0.93£0.57 mm in the success group
whereas that in the dislodgement group was 1.09+0.48
mm. While no significant difference was observed
between the 2 groups, the mucosa at the site of
implantation was slightly thinner in the success group
than in the dislodgement group (Fig. 7).

3. Insertion torque values

The mean insertion torque value of the anchor screw
was 27.9745.15 Ncm in the success group whereas that
in the dislodgement group was 27.95£5.46 Ncm. No
significant difference was observed in insertion torque
values between the 2 groups (Fig. 8).
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Fig. 7. Thickness of palatal bone and mucosa at the site of
implantation



12 Y. Kojima, et al.

4. Degree of anchor screw mobility (PT values)

and chronological changes

Chronological changes in PT values in the success
group were as follows: the mean PT value at the time of
implantation was 11.95%£2.94; that at Week 2 was
11.2943.68, from which PT values gradually increased,
and a significant difference in mean PT values was
observed between Week 2 and Month 12 (Fig. 9A).
Chronological changes in PT values in the dislodgement
group were as follows: the mean PT value at the time of
implantation was 9.3942.87; there was a significant
increase in PT values from the time of implantation to
11.40+4.25 at Week 2 and 17.23+4.20 at Month 1; and
the mean PT value at Month 1 was approximately 1.85
times greater than that at the time of implantation,
indicating a significant increase (Fig. 9B). Meanwhile, a
comparison between the success group and the
dislodgement group found that PT values in the
dislodgement group were significantly lower than those
in the success group at the time of implantation.
However, at Week 2, the values were greater in the
dislodgement group than in the success group. After
Week 2 PT values in the dislodgement continued to
increase, and at 3 months after implantation, PT values
in the dislodgement group were significantly greater
than those in the success group (Fig. 9C).
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Fig. 8. Insertion torque values at the time of implantation
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DiscussioN

1. Methods of implanting midpalatal orthodontic
anchor screws in the molar region, and the site
of implantation

When implanting anchor screws in this study, we
referred to a report by Miyazawa et al.!?’. Specifically, a
surgical guide stent for implantation was used, which
was prepared for the midpalatal area of the molar
region; 2/3 of an anchor screw was inserted through the
stent; pre-drilling was performed to make a guide hole;
thereafter, the same anchor screw was again inserted
and completely implanted in the site. Because this
method reportedly helps insert anchor screws in a safe
and accurate manner, it was used for all the subjects of
this study.

Kim et al.'” found that an anchor screw inserted in
the midpalatal area can withstand an orthodontic force
of 500-800 g, and they reported that the midpalatal area
is an appropriate site of implantation where a source of
strong orthodontic force can be secured for purposes
such as the distal movement and intrusion of molars, as
well as the retraction of anterior teeth. Additionally, the
palatal mucosa is covered by immobile, stratified
squamous keratinized epithelium, which can reportedly
hold the implant in a secure manner because it strongly
resists mechanical stimuli. Studies have suggested that
it is unlikely that post-implantation inflammation
occurs in palatal mucosa. Moreover, from an
anatomical perspective, the palate is an extremely
effective site for anchor screw implantation because no
nerves, vessels, or other anatomical structures are

located in the palate!®!®

. In this study, therefore, the
midpalatal area of the molar region was selected for the
site of implantation, where a modified transpalatal bar
and an anchor screw were ligated so as to secure the
anchorage for the intrusion and distal movement of the

molarsV.

2. Rate and time of anchor screw dislodgement

A study by Watanabe et al., which reported on the
implantation of an anchor screw with a diameter of 1.4
mm and a length of 6.0 mm between dental roots on
the buccal aspect, stated that the rate of dislodgement
was 22.0%%. Meanwhile, in a separate study which
reported on the implantation of 2 anchor screws with a
diameter of 2.0 mm and a length of 9.0 mm following
the formation of a guide hole in the midpalatal area of
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the molar region, Ichinohe et al.” stated that the rates
of dislodgement were 24.0% for the anterior aspect and
8.0% for the posterior aspect. Also, in a study by Kim et
al.'V, anchor screws with a diameter of 1.5-2.0 mm and
a length of 5.0 mm were implanted in the midpalatal
area of the molar region. The researchers found that
the dislodgement rate was low at 9.2% and stated that

A
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the midpalatal area of the molar region is a suitable site
for anchor screw implantation. The rate of anchor
screw dislodgement (2.0 mm in diameter, 6.0 mm in
length) in this study was 12.3%. This finding cannot be
generalized because the diameters and lengths of
anchor screws used in settings vary. That being said, it
was considered that the anchor screws examined in
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Fig. 9. A: Chronological changes in PT values in the success group
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this study remained stable in the midpalatal area of the
molar region because the dislodgement rate in this
study was as low as the rates observed in other reports
on the midpalatal area™ .

A study that reported on the time of dislodgement
stated that 70.4% of screws implanted between dental
roots on the buccal aspect of the maxilla became
dislodged at an early stage (up to 6 months)®. Moon et
al. found that over 90% of screws implanted between
dental roots on the buccal aspect of the maxilla and
mandible in the dislodgement group became dislodged
within 4 months of implantation'”. This study also
found that 6 out of 10 screws (60.0% ) implanted in the
midpalatal area of the molar region in the dislodgement
group became dislodged within 6 months of
implantation. While the cause of dislodgement remains
unknown, it was considered that anchor screw
dislodgement tends to occur at an early stage after
implantation. These findings suggest that when
implanting an anchor screw in the midpalatal area of
the molar region as part of a clinical procedure, great
care should be taken in applying a load, particularly for
the first 6 months after implantation, to prevent
dislodgement.

3. Thickness of palatal bone and mucosa at the

site of anchor screw implantation

Studies that measured the thickness of palatal bone
in the midpalatal area of the molar region found that
the thickness of the palatal bone was 4.7-5.2 mm and
that of the mucosa was 0.79-1.01 mm!''?. These
findings are consistent with the results of this study.
Watanabe et al.” found that the outcomes of anchor
screw implantation were associated with the thickness
of cortical bone on the buccal aspect. Although no
significant difference was observed in the thickness of
palatal bone in this study, there was a tendency for
palatal bone to be thicker in the success group than in
the dislodgement group. Additionally, there was a
tendency for the mucosa examined in this study to be
thicker in the dislodgement group than in the success
group, although no significant difference was observed.
On the basis of these findings, the thickness of palatal
bone and mucosa in the midpalatal area of the molar
region could not be defined as a predictor of the
prognosis of anchor screw implantation. However,
palatal bone, which was adopted as a site of
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implantation in this study, has abundant anatomical
advantages, with thick cortical bone and a small
amount of cancellous bone. It is considered, therefore,
that palatal bone should not be simply compared with
the alveolar process on the buccal aspect. Further
research is needed on this issue.

4. Insertion torque values during anchor screw
implantation, degree of mobility, and prognosis
prediction
If an anchor screw becomes dislodged in clinical

orthodontic treatment, subsequent treatment

mechanics are likely to be challenging. The
dislodgement rate can be reduced if the prognosis of
anchor screw implantation can be predicted during
implantation. This should help provide safe and secure
treatment. This study therefore examined potential
predictors for the prognosis of anchor screw
implantation in the midpalatal area of the molar region.

A study reported that the median insertion torque
value during implantation in the alveolar process on the
buccal aspect was 8.7+2.2 Ncm in the success group
when an anchor screw with a diameter of 1.4 mm was
used?. Another study reported that an insertion torque
value of 5-10 Ncm is appropriate for the implantation of
an anchor screw with a diameter of 1.6 mm?”. Ohtani et

al.2? implanted an anchor screw with a diameter of 1.6

mm in the alveolar process of the maxilla of rats and

reported that an extremely high level of stability was

achieved at an early stage when the insertion torque
value was approximately 5-10 Ncm. Meanwhile, Suzuki
et al.?? examined the insertion torque values of anchor
screws with a diameter of 1.5 mm which were
implanted in the midpalatal region. The researchers
found that insertion torque values were 13.9-15.0 Ncm
when a pre-drilling type, which is implanted after a
guide hole is created, was used, whereas insertion
torque values were 20.3-21.9 Nem when a self-drilling
type, which is implanted without a guide hole being
created, was used. The researchers also stated that
insertion torque values in the midpalatal region were
higher than those on the buccal aspect. Kim et al.'®
found that the site of midpalatal suture consisted of
highly dense cortical bone, suggesting that insertion
torque values in the palatal region are high compared
to those on the buccal aspect. In this study, in which
implantation was performed after making a guide hole,



Vol.34, No.l1

the mean insertion torque value was 27.9745.15 Ncm in
the success group when an anchor screw with a
diameter of 2.0 mm and a length of 6.0 mm was used.
The mean value was much higher than that for the
above-mentioned alveolar process on the buccal aspect.

However, this study did not find a significant
difference between the success group and the
dislodgement group. Findings from this study
suggested that it is difficult to predict prognosis solely
based on insertion torque values during implantation.
Meanwhile, PT values at the time of implantation in the
dislodgement were different from those in the success
group. PT values in the success group were stable with
a slight increase from the time of implantation, whereas
those in the dislodgement group were significantly
lower than those in the success group at the time of
implantation, but drastically increased thereafter. PT
values in the dislodgement group continued to increase
through to the time when screw dislodgement
occurred. Hence, it was considered that PT values are
an effective indicator in predicting the prognosis of
anchor screw implantation in the midpalatal area of the
molar region. The periotest is the most widely used
method for evaluating initial stability by measuring
mobility after implantation?. The smaller the value of
the periotest, the less the mobility and the higher the
stability. It has been reported that low periotest values
are important for initial stability in assessing the
implantation of buccal anchor screws?”. However, in
this study, the prognosis of the anchor screw implanted
in the midpalatal was evaluated, and the periotest
values were different. The reason is that studies have
reported that causes of anchor screw dislodgement
include microcracks on the bone surface, which can
occur irrespective of either the orientation of
implantation or the shape, diameter, and length of the
screw?? . A study that examined the impact of
tightening anchor screws in porcine pelvic bones with
the aim of identifying causes of microcracks in the
cortical bone during implantation compared the
following three models: 1. bones in which only a guide
hole was created; 2. bones into which an anchor screw
was inserted to a limited depth of 1 mm from the bone
surface; 3. bones into which an entire anchor screw was
inserted, and the screw was subsequently rotated a
quarter of a turn to be further inserted. The results of
the study found that a greater number of microcracks
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were present in the cortical bone when an anchor
screw was inserted more deeply®®. This study found
that PT values at the time of implantation were
significantly lower in the dislodgement group. It was
considered that this was because anchor screws were
inserted deeply into cortical bone, thereby leading to
microcracks. Thereafter, in the dislodgement group,
damage caused by microcracks might have led to screw
mobility and increased PT values with time, which
resulted in dislodgement. When an anchor screw with a
diameter of 2 mm and a length of 6 mm is implanted in
the midpalatal area of the molar region in clinical
orthodontic treatment, torque values should remain
within the range of 27.97£5.15 Ncm during
implantation, as observed in the success group of this
study. Findings from this study also suggest that it is
important to monitor intraoperative PT values during
implantation so that the values will remain within the
range that was observed in the success group. This
should help prevent excessively deep insertion of the
anchor screw into cortical bone, which can excessively
reduce mobility, and can reduce the occurrence of
microcracks. By doing so, it may be possible to further
reduce dislodgement rates going forward.

CONCLUSION

This study suggested that PT values at the time of
implantation are an important factor in evaluating the
prognostic stability of anchor screws. Additionally, it
was also suggested that to avoid excessively low PT
values, it is important to monitor PT values during
implantation, given the finding that PT values in the
dislodgement group were significantly lower than those
in the success group directly after implantation.
Monitoring PT values in this manner may help improve
the success rate of the procedure.

None of the authors of this manuscript have any
conflicts of interest (COI) to declare.
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