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Abstract

Background This study quantitatively analyzed the anatomic structure of the alveolar bone in the maxillary molar
region at three potential locations for Temporary Anchorage Device (TAD) placement. Additionally, the study com-
pared the variability in this region across different age groups, sagittal skeletal patterns, vertical facial types, and sexes.

Methods In this retrospective cone-beam computed tomography study, the buccal alveolar bone was analyzed
in the posterior molar area of 200 patients, the measurement items include buccal alveolar bone height, alveolar bone
thickness, interradicular distance, and maxillary retromolar space.

Results Buccal alveolar height was greatest in the U56 region. The interradicular space was largest in the U56 region
and increased from the alveolar crest to the sinus floor. Buccal alveolar bone thickness was highest in the U67 region
and generally increased from the alveolar crest to the sinus floor. The maxillary retromolar space gradually increased
from the alveolar crest to the root apex.

Conclusions TADs are safest when placed in the buccal area between the maxillary second premolar and the first
molar, particularly at the 9 mm plane. The U67 region is the optimal safe zone for TAD placement for maxillary denti-
tion distalization. TADs placement in adolescents can be challenging. Maxillary third molar extraction can be consid-
ered for maxillary dentition distalization.

Keywords Cone-beam computed tomography, Temporary anchorage device, Alveolar bone morphology, Maxillary
retromolar space
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Introduction

Anchorage control plays a key role in successful ortho-
dontic treatment, and orthodontists utilize various meth-
ods to achieve it in clinical practice. During the past
decade, the use of temporary anchorage devices (TADs)
to achieve absolute anchorage has been established in
clinical orthodontics, being effective in various types of
malocclusion [1]. TADs are widely used in clinical prac-
tice because of their advantages, including smaller size,
simple surgical placement, short or no waiting time, easy
removal after treatment, and low cost [2]. Maxillary and
mandibular interradicular sites are preferred for TAD
placement because of the ease of placement and direct
orthodontic force application. However, interradicular
TADs may damage the tooth roots at the placement site
and interfere with the desired orthodontic tooth move-
ment [3]. Previous studies have reported a failure rate
of around 13.5% (95% confidence interval: 11.5-15.9%)
for micro-implants, which was related to factors, such
as patient age, timing of loading force, and anatomical
structure of the implant site [4, 5].

It is important to analyze bone parameters, including
the width and height, at the planned insertion site. Pre-
vious studies have explored the alveolar bone in maxil-
lary molar region and demonstrated that the distance
between the root of the second premolar and the mesial
root of the first molar is the largest, while the buccal alve-
olar bone is the thickest in the region between the maxil-
lary first and second molars. However, these studies did
not provide a detailed taxonomic analysis [5-7].

The treatment of Class II malocclusion or bimaxillary
protrusion may require the distalization of maxillary
molars or even the entire dentition to achieve treatment
goals. Distalization of the first molar is difficult after the
eruption of the second molar, and often requires the use
of TADs. The available maxillary retromolar space deter-
mines the extent of distalization.

The primary objective of this study was to quantita-
tively analyze the width and height of the buccal region
at three TAD placement locations in relation to max-
illary molars. The study also assessed the retromolar
space available for maxillary dentition distalization.
Bone parameters were compared across sexes, ages, sag-
ittal skeletal types (Class I-III), and vertical facial types
(hypodivergent, normodivergent, and hyperdivergent).

Materials and methods

Cone-beam computed tomography (CBCT) images of
200 patients were obtained from the archive database
of the Peking University School and Hospital of Stoma-
tology, Beijing, China. These patients included 105
adults (20 males aged 20.7 £4.2 years and 85 females
aged 24.9+6.2 years) and 95 adolescents (38 males aged
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13.7+1.8 years and 57 females aged 14.1+2.3 years).
CBCT was used to examine the interradicular bone for
miniscrew insertion, impacted third molars, and osse-
ous structures for temporomandibular joint and orthog-
nathic surgery. The study was approved by the ethics
committee of Peking University Hospital of Stomatol-
ogy (PKUSSIRB-202,280,126). Written informed consent
was obtained from all participants and their parents or
guardians.

The exclusion criteria were: (1) those who had maxil-
lary molars extracted; (2) individuals with implants or
pontics replacing maxillary molars; (3) CBCT scans
showing supernumerary teeth, enlarged cystic follicles,
or other pathologies; (4) CBCT scans showing impacted
teeth in the region of interest; and (5) patients with peri-
odontal disease, a history of orthodontic treatment or
orthognathic surgery, or any genetic syndromes.

The scans were divided into two age groups: adults and
adolescents, then further divided into sub-groups based
on the skeletal malocclusion type (I, II, and III for ANB
angles of 0-5°, >5°, and <0°, respectively) and facial type
(hypodivergent, normodivergent, and hyperdivergent
for MP-SN angles of <27°, 27-37°, and >37°, respec-
tively) [3]. CBCT images were obtained using the same
machine (NewTom, Verona, Italy) with exposure settings
of 110 kV, 0.07 mA, and a 153.6-mm field of view (FOV).
After acquisition, raw data were converted into the Digi-
tal Imaging and Communications in Medicine (DICOM)
format and reconstructed with a voxel size of 0.3 mm?>,
The DICOM data were then saved in a personal com-
puter for analysis using the Mimics Research software
(version 20.0, Leuven, Belgium).

The reference plane for measurement was the occlusal
plane through the midpoints of incisors and mesiobuccal
cusps of both first molars. A plane parallel to the occlusal
plane, passing through the alveolar ridge, was taken as
the base plane (Fig. 1). Three areas were measured in this
study: between the maxillary second premolar and the
first molar (U56), between the mesiobuccal and distobuc-
cal roots of the first molar (U6md), and between the first
and second molar (U67).

In the middle of U56, Ubmd, and U67, the maxillary
buccal alveolar bone height (BAH) was measured from
the maxillary sinus floor to the buccal alveolar ridge edge
in coronal sections (Fig. 2A). The buccal interradicular
distance (BID, the shortest distance between adjacent
roots), buccal alveolar bone thickness (BAT, the distance
from a tangent to adjacent roots to the buccal alveolar
bone surface), and maxillary retromolar space (MRS, the
distance from distal surface of second molar to the pos-
terior edge of maxilla) were measured at planes set at 5,
7, and 9 mm above the alveolar ridge (Figs. 1 and 2B and
D) [7].
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Fig. 1 Reference lines for the planes at 5, 7, and 9 mm above the measurement base plane (alveolar crest edge) in the sagittal view

Data measurement and analysis were performed by
a single examiner. A random sample of 30 was analyzed
twice at 2-week intervals by the same examiner. Reliabil-
ity was assessed by measuring the intraclass correlation
coeficients. All the values were >0.80 (Table S1), indicat-
ing that the measurements were reliable (P> 0.05).

Statistical analysis

SPSS Statistics software (version 20.0; IBM Corp.,
Armonk, NY) was used for statistical analyses. Descrip-
tive statistics were analyzed for all parameters. Normality
of the parameters was assessed using the Kolmogorov-
Smirnov test. Independent sample t test or Mann-Whit-
ney U test was used to compare the parameters between
adult and juvenile groups and between males and
females. One way analysis of variance (ANOVA) or
Kruskal-Wallis test was used to compare the parameters
among the sagittal skeletal types and facial types. The sig-
nificance level was set at P<0.05.

Results

Table 1 presents descriptive statistics for the BAH
across three distinct anatomical sites. In the U56 region,
the BAH was 9.93+3.78 mm, which was significantly
greater than that for Uémd (8.01+2.71 mm) and U67
(8.18+2.56 mm). The comparison between males and
females revealed no significant differences in BAH
(Table S3). However, different age groups exhibited

variations, with the BAH in the adolescent group being
consistently lower than that in the adult group for all
three regions (Table 2). Among different sagittal skeletal
groups, Class I individuals had the lowest BAH in the U56
area (Table S4). Furthermore, the BAH for hypodivergent
participants was significantly greater than that for hyper-
divergent participants in the U67 area (Table S5).

Table 3 presents descriptive statistics for BAT across
various regions and planes. The BAT exhibited an
increase at the 5, 7, and 9 mm planes, with the U67
region displaying the greatest thickness, followed by the
U6md region, while the U56 region showed the smallest
thickness (Fig. 3, Table S6). A comparison between males
and females showed no significant differences across
different regions (Table S7). Meanwhile, the BAT in the
adolescent group was found to be greater than that in the
adult group (Table 4). When comparing different sagittal
skeletal types, the BAT in Class I was greater than that
in Class III (Table S8). Among the various vertical facial
types, the normodivergent group had the highest BAT,
but the differences among these groups were not statisti-
cally significant (Table S9).

Table 5 presents descriptive statistics for BID across
various regions and planes. The BID increased at the 5,
7, and 9 mm planes, with the largest distance observed
in the U56 region, followed by the U67 region, and the
smallest distance recorded in the Uémd region (Fig. 3,
Table S10). Compared to males, the BID was larger



Tang et al. BMC Oral Health (2024) 24:872 Page 4 of 11

/ The floor of maxillarry sinus \
H

The alvelar crest

ax

Fig.2 A Measurement of the distance between the alveolar edge of the crest and the sinus floor at the buccal side in the middle of U56, Uémd,
and U67. L: left, R: right, H: buccal bone height. B buccal interradicular distance in axial images. a, b, ¢: buccal interradicular distances for U56,
Uemd, and U67, respectively. C Measurement of buccal bone thickness, d, e, f: buccal alveolar bone thickness for U56, Uémd, and U67, respectively.
D Measurement of the maxillary retromolar space, W: maxillary retromolar space
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Table 1 Buccal alveolar bone heights (mm) at the three anatomical sites
Area Mean SD Min Max P25 P50 P75 H P
uUse6® 9.93 3.78 1.66 22.50 7.19 9.31 11.87 70.05 <0.001***
usmd® 8.01 2.71 1.71 20.56 6.28 7.68 9.19
ue67° 8.18 2.56 191 17.54 6.38 7.90 9.70
SD standard deviation, Kruskal-Wallis test
U56, between the maxillary second premolar and the first molar
Uémd, between the mesiobuccal and distobuccal roots of the first molar
U67, between the first and second molar
ab statistically significant differences were observed between groups marked with the different letter
***Statistically significant at P <0.001
Table 2 Comparison of buccal alveolar bone height (mm) of different ages
Area Adult Adolescent z P
Mean SD Min Max Mean SD Min Max
uUs6 10.90 4.19 1.66 22.50 8.88 2.94 2.78 19.53 -4.86 <0.001***
uemd 846 3.10 1.71 20.56 7.53 2.10 2.09 13.53 -2.58 0.010*
ue7 839 2.86 191 17.54 7.96 217 248 13.63 -1.09 0277

SD standard deviation, Mann-Whitney U test

U56, between the maxillary second premolar and the first molar

Uémd, between the mesiobuccal and distobuccal roots of the first molar
U67, between the first and second molar

*Statistically significant at P <0 .05

***Statistically significant at P <0.001

Measuring planes——
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Fig. 3 Schematic diagram of buccal alveolar bone thickness and interradicular distance in different regions

among females in the U67 region, but smaller in the
U6md region (Table S11). Compared to the adolescent
group, the adult group had larger BID at the 5, 7, and
9 mm planes in the U67 region, and smaller BID at the

5 mm plane in the U56 region (Table 6). Among different
sagittal skeletal types, the BID in Class I individuals was
the largest in the U56 and Ubmd regions, but the small-
est in the U67 region (Table S12). The differences among
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Table 3 Buccal alveolar bone thickness (mm) in different regions
Area Plane Mean SD Min Max Percentile F/H P
25t 5oth 75th
uUs6 5mm?® 223 091 0.34 6.04 1.53 2.11 2.88 14.25 <0.007 1
7 mm? 234 1.10 0.28 6.38 1.55 218 3.09
9mm®P 268 147 035 862 1.66 242 347
uéemd 5mm? 265 1.05 0.52 744 1.87 2.56 3.31 32.88 <0.007
7 mm? 2.84 1.29 041 7.80 191 2.69 3.68
9 mmP 3.38 1.72 0.40 9.34 207 3.09 4.47
ue7 5mm? 331 0.85 1.07 6.57 271 3.26 3.82 66.87 <0.007A*x
7 mm® 3.65 0.99 0.69 7.21 3.03 361 425
9mm*© 4.18 1.29 0.76 8.17 3.28 4.08 493
SD standard deviation, K Kruskal-Wallis test, A One-way ANOVA
U56, between the maxillary second premolar and the first molar
Uémd, between the mesiobuccal and distobuccal roots of the first molar
U67, between the first and second molar
b statistically significant differences observed between groups marked with the different letter
*** Statistically significant at P<0.01
Table 4 Buccal alveolar bone thickness (mm) of different ages
Area Plane Adult Adolescent t/Z P
Mean SD Min Max Mean SD Min Max
us6 5mm 1.97 0.86 0.51 6.04 2.51 0.89 0.34 5.05 -6.360 <0.007Yxxx
7 mm 203 1.05 0.50 6.38 2.68 1.06 0.28 6.37 -6.449 <0.007Yx**
9mm 221 1.34 0.35 8.62 3.16 1.45 0.39 861 -6.786 <0.007Yx**
uéemd 5mm 228 0.98 0.52 744 3.06 0.97 0.87 6.21 -8.185 <0.007Yxxx
7 mm 2.34 1.15 041 7.80 3.38 123 0.53 7.60 -8.572 <0.007Yx**
9mm 262 141 0.55 9.34 4.14 1.66 040 9.01 -8.855 <0.007Yxxx
ue7 5mm 321 0.88 1.07 6.00 341 0.79 134 6.57 2426 0.016"**
7 mm 346 1.04 0.69 7.07 3.86 0.89 1.40 7.21 4.174 <0.007T**x
9mm 3.82 1.23 1.33 8.17 4.55 124 0.76 7.74 5.697 <0.007 T¥**

SD standard deviation, U Mann-Whitney U test, T Independent sample t test
U56, between the maxillary second premolar and the first molar

Uébmd, between the mesiobuccal and distobuccal roots of the first molar
U67, between the first and second molar

***Statistically significant at P <0.001

different vertical facial types were not statistically signifi-
cant (Table S13).

Table 7 provides descriptive statistics for the MRS at
the 5, 7, and 9 mm planes. The MRS exhibited a sequen-
tial increase with increasing plane distance. This progres-
sion was statistically significant. A comparison between
males and females revealed no significant differences
(Table S14). In terms of age, the MRS in the adolescent
group was consistently smaller than that in the adult
group at all three planes (Table 8). Within different sagit-
tal skeletal groups, Class I individuals exhibited a smaller
MRS than those in the remaining two groups (Table S15).

However, when comparing different vertical facial types,
there were no significant differences (Table S16). Further-
more, compared to individuals with congenitally missing
maxillary third molars, those without this condition dis-
played a wider MRS, with statistically significant differ-
ences noted at the 7 and 9 mm planes (Table S17).

Discussion

Compared with CT, CBCT has gained popularity due to
lower radiation exposure and higher definition, becom-
ing a widely used tool for both qualitative and quantita-
tive assessment of alveolar bone conditions [8]. Previous
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Table 5 Buccal interradicular distance (mm) at different regions
Area Plane Mean SD Min Max Percentiles F/H P
25th 50th 75th
us6 5mm? 352 0.98 0.89 6.26 283 3.56 422 149.15 <0.007/%x*
7 mmP 4.07 1.15 1.38 7.26 322 4.10 488
9 mm¢© 5.01 144 143 937 4.00 5.02 595
uemd 5mm? 1.70 0.59 0.35 3.82 1.29 1.68 2.08 35.90 <0.007xx
7 mmP 1.98 0.74 041 433 1.46 1.92 246
9 mm® 2.10 1.05 0.37 8.12 1.26 1.97 2.71
ue7 5mm? 2.00 1.08 0.03 10.68 1.27 1.83 258 69.90 <0.007 1
7 mm? 2.19 1.26 0.26 7.52 1.23 1.97 292
9 mm® 2.84 1.52 038 8.55 167 264 3.86

SD standard deviation, K Kruskal-Wallis test, A One-way ANOVA

U56, between the maxillary second premolar and the first molar

Uémd, between the mesiobuccal and distobuccal roots of the first molar
U67, between the first and second molar

abc

***Statistically significant at P <0.001

studies have demonstrated that CBCT is comparable to
direct measurements in terms of bone height and thick-
ness, and it offers significantly higher accuracy than tra-
ditional 2D radiography [9-11].

In this study, we conducted detailed measurements of
the most commonly used areas for TAD placement based
on a large sample of CBCT data. The results indicated
that the BAH in the U56 area was significantly greater
than in the U6md and U67 areas. The BAH in the adult
group exceeded that in the adolescent group, Liu et al.
also reported greater BAH in the U56 region for adults
[7], owing to continuous growth of the jawbone, the
BAH gradually increases from adolescents to adults [12].
In terms of vertical facial types, our study revealed that
BAH in the hyperdivergent group was smaller than in the
hypodivergent group, consistent with results from Swasty
et al. [13] Xin et al. found that implanting miniscrews at
a 45° angle to the long axis of the teeth can enhance sta-
bility by increasing the contact area between miniscrews
and the bone cortex, although it increases the risk of
maxillary sinus perforation [5]. In our study, the BAH in
the U56 region ranged from 2.78 to 22.79 mm, demon-
strating significant individual variations. This highlights
the importance of CBCT measurements when selecting
TAD lengths, particularly for adolescents.

Currently, the diameter of commonly used TADs
ranges from 1.2 mm to 2 mm [14]. Since TADs often
remain in the bone for over 6 months, some experts rec-
ommend using TADs with a maximum diameter of 2 mm
to ensure sufficient strength [7]. Considering the neces-
sary safe distance of at least 0.5 mm between the mini-
screw and adjacent tissues, a 2-mm diameter miniscrew

statistically significant differences observed between groups marked with the different letter

can be safely used when the interradicular space exceeds
3 mm [15]. According to our results, the mean BID was
greater than 3 mm at the 5, 7, and 9 mm planes for the
U56 region and at the 9 mm plane for the U67 region.
Additionally, the BID tended to increase from the crest
edge to the sinus floor. Therefore, a 2 mm screw may
be used without issues in most patients. But there are
patients with BID values below 3 mm, then smaller diam-
eter screws may be more appropriate.

Given that the BAH in the U56 region is the highest
among the three measurement areas, it is safer to implant
TADs in this area, which is consistent with prior studies
[5, 6]. Additionally, compared to adults, the adolescent
group displayed a larger BID at the 5 mm plane in the
U56 area, but a smaller BID at the 5, 7, and 9 mm planes
in the U67 area where it was only about 2 mm. This sug-
gests that placing TADs between the maxillary second
premolar and the first molar is more advisable for adoles-
cents. When assessing different sagittal skeletal groups, it
was observed that the BID in the U56 and U6md regions
of skeletal Class I individuals was greater than in skel-
etal Class II and III individuals, despite the BAH being
smaller in Class I compared to Class II and III. Regarding
vertical skeletal groups, the BAH and the BID in the U56
area of hypodivergent subjects were both greater than
those in hyperdivergent subjects, indicating that the risk
of root damage and maxillary sinus perforation is higher
in hyperdivergent individuals.

To prevent interferences with tooth movement during
maxillary molar distalization, some studies have pro-
posed placing TADs in the buccal alveolar bone in the
infrazygomatic crest region [16]. This study found that
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Table 7 Maxillary retromolar space (mm) at the 5, 7, and 9 mm planes
Plane Mean sD Min Max Percentiles H P
25th 50th 75th
5mm? 9.33 2.70 1.75 17.84 7.50 9.63 11.20 84.34 <0.001***
7 mmP 10.29 251 3.20 17.85 8.70 1045 11.94
9 mm© 11.08 241 215 1840 9.65 11.23 12.60
SD standard deviation, Kruskal-Wallis test
abe statistically significant differences observed between groups marked with the different letter
***Statistically significant at P <0.001
Table 8 Comparison of maxillary retromolar space (mm) of different ages
Plane Adult Adolescent t/’Z P
Mean SD Min Max Mean SD Min Max
5mm 10.23 2.28 3.16 17.84 835 2.78 1.75 15.99 -6.65 <0.007Yxxx
7 mm 10.96 211 4.79 17.85 9.56 2.70 32 16.53 -540 <0.007Yx**
9mm 11.50 225 215 1840 10.63 250 3.64 18.17 -3.65 <0.007T***

SD standard deviation, U Mann-Whitney U test, T Independent sample t test
***Statistically significant at P <0.001

BAT in the maxillary molar area increased progressively
at 5, 7, and 9 mm planes, with the greatest thickness in
the U67 area, followed by the U6mm area, while the U56
area had the smallest thickness. To ensure periodontal
health, a minimum of 1 mm of alveolar bone should sur-
round the screw when placing TADs on the buccal side
of the teeth [14]. In this study, the average BAT in the
U67 area exceeded 3 mm at all three measured planes.
Therefore, placing a 2-mm diameter TAD in this area is
feasible. Liou et al. suggested that the depth of implan-
tation should be at least 6 mm to maintain TAD stabil-
ity, although increasing the TAD lengths also increases
the risk of maxillary sinus injury [17]. Ardekian et al.
reported that perforations less than 2 mm in the maxil-
lary sinus often heal spontaneously and rarely result in
complications [18]. Moreover, piercing both cortical
plates (maxillary sinus floor and buccal cortical plate) can
provide bicortical miniscrew anchorage, which has been
shown to be superior to monocortical anchorage in terms
of resistance to miniscrew movement [5, 19]. There-
fore, in clinical practice, TAD lengths should be chosen
according to specific needs.

The extent of maxillary dentition distalization is lim-
ited by the dimensions of the MRS. This study found
that the MRS increased progressively at 5, 7, and 9 mm
planes, indicating that maxillary dentition distalization
is restricted by the distal alveolar bone in the cervical
plane of the second molar. Measurements in the adoles-
cent group were smaller than those in the adult group,

suggesting that maxillary molar distalization may be less
effective in adolescents than in adults, which could be
attributed to jawbone growth [12]. In terms of sagittal
classification, the MRS in skeletal Class I individuals was
smaller than that in skeletal Class II and III individuals.
Furthermore, individuals with congenital loss of maxil-
lary third molars exhibited smaller MRS compared to
those with impacted or erupted third molars, a finding in
line with Mah et al’s study [20]. Therefore, extracting the
third molar to create more space for dentition distaliza-
tion may be a viable option.

Females are more concerned about the esthetics of
their teeth than males, leading to a more active demand
for treatment in females [21]. In our study, a total of 200
samples were included, due to the significantly lower pro-
portion of males in orthodontic patients, the gender ratio
of the samples is not ideal (males/females:142/58), which
could have influenced the difference in measurements by
sex. And we mainly focused on the relationship between
alveolar bone and teeth, did not consider anatomical
variants in the maxillary sinus floor as variable factors,
which is a limitation of our study. In the future, we plan
to discuss anatomical variations of maxillary sinus floor
in our upcoming new research., as well balance the gen-
der ratio of the sample.
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Conclusions

1. The maximum space was observed to be at 9mm
plane apically from alveolar crest between max first
molar and second molar which would make this site
a safer location for the insertion of the TAD.

2. The region between the maxillary first and second
molars has the greatest BAH and is, therefore, the
safest zone for TAD placement for maxillary denti-
tion distalization.

3. Compared to adults, the alveolar bone thickness,
height, and retromolar space is smaller in adoles-
cents, which might increase the difficulty in TAD
placement and dentition distalization.

4. Compared to hypodivergent subjects, the BAH and
the BID is smaller in hyperdivergent subjects, which
might increase the risk of root damage and maxillary
sinus perforation in TAD placement.

5. Individuals with congenital loss of maxillary third
molars exhibited smaller retromolar space compared
to those with impacted or erupted third molars, it
may be a viable option to create more space for denti-
tion distalization by extracting the third molar.
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