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ABSTRACT

Objectives The purpose of this study was to investigate the occurrence of labial bone perforation
(LBP) and implantation into the maxillary sinus between various tooth-alveolar classifications
with respect to the crown axis in maxillary premolars.

Material and methods Cone beam computed tomography (CBCT) of 399 participants were
analyzed to determine the probability of LBP and implantation into the maxillary sinus when
associated with variables that included tooth position and tooth-alveolar classification.

Results The morphology in the maxillary premolars was classified as straight, oblique, or
boot-shaped. The first premolars were 62.3% straight, 37.0% oblique, and 0.8% boot-shaped and
LBP occurred in 4.2% straight, 54.2% oblique, and 83.3% boot-shaped first premolars when the
virtual implant was 3.5x10 mm. When the virtual implant was 4.3x10 mm, LBP occurred in
8.5% , 68.5% and 83.3% first premolars, respectively. The second premolars were 92.4% straight,
7.5% oblique, and 0.1% boot-shaped and LBP occurred in 0.5% straight , 33.3% oblique, and 0%
boot-shaped, respectively, when the virtual implant was 3.5x10 mm; and LBP occurred in 1.3%,
53.3% and 100% second premolars, respectively, when the virtual implant was 4.3x10 mm.
Conclusions When an implant is placed in the long axis of a maxillary premolar, the tooth
position and tooth-alveolar classification should be considered when assessing the risk of LBP.
Attention should be paid to the implant direction, diameter, and length in the oblique and
boot-shaped maxillary premolars.

Clinical relevance Preoperative CBCT needs to be used to reduce LBP in the maxillary

premolars, especially when oblique or boot-shaped.
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Introduction

When placing implant in the maxillary premolar location, buccal perforation, dehiscence, or
both, may occur because of a thin labial wall and buccal concavity. Perforation may lead to
difficulty in achieving primary implant stability, an unsatisfactory esthetic outcome, and a high
implant failure rate[1,2]. The maxillary sinus is located within the maxillary body, close to the
maxillary posterior teeth. Complications during the maxillary posterior teeth implantation, such
as maxillary sinus perforation or maxillary sinus infection, may occur if clinicians do not fully
understand the anatomical relationship between the alveolar bone and the maxillary sinus[3].The
positions and angulations of the central incisors, lateral incisors, and canines have been classified
with reference to the alveolar bone[4,5] to guide anterior implant locations. However, similar
classifications about maxillary premolar locations are lacking.

Contemporary implant treatment has focused on improving esthetics and ensuring long-term
stability[6] with restoration-driven treatment planning starting with determining the location of
the restoration before determining the implant position[6]. However, restoration-driven treatment
can be challenging because of the perforation risk, especially in esthetic areas between the
maxillary first or second premolars[7]. Data on maxillary premolar implantation adopting the
restoration-driven treatment plan are lacking. Therefore, a study of the distribution of labial bone

perforation (LBP) in maxillary premolars is needed to produce a classification of the maxillary



premolar morphology to guide maxillary premolar implantation.

Cone beam computed tomography (CBCT) has become popular in dentistry, yielding less
radiation than conventional CT scanning and producing accurate images with rapid scan
times[8-12]. Virtual implants can be used to simulate buccal perforation following the crown
axis from CBCT scanning. Computer-guided implant planning may allow for an accurate
evaluation of the implant location on CBCT images, taking on the restoration-driven
approach[5,13-14].

Combined with the restoration-driven principle, the crown axis has been innovatively used
as the implant direction to study the angle between the long axis of the tooth crown and alveolar
bone, residual buccal bone thickness, LBP, and implantation into the maxillary sinus after virtual
implantation[13]. It was possible that LBP occurred in maxillary premolars when virtually
implantation according to the restoration-driven principle. This study aimed to classify the

morphology of maxillary premolars to guide dental implantation treatment planning.

MATERIAL AND METHODS

This study was approved by the Institutional Review Board of the First Affiliated Hospital
of Wenzhou Medical University and was conducted from July 2019 to August 2021. The
minimum sample size of 385 participants for the study was determined using the cross sectional
studies with 4Z,*P(1—P)/W? where W is the width of confidence intervals at 1%, and Z, is the 95%
confidence interval at 1.96.Inclusion criteria for the images in this study were a clear view of the

maxillae without scattering artifacts from metal restorations, adults =18 years with complete



maxillary dentition, no obvious maxillary crowding or spacing, no history of periodontitis, and
no pathology present in the region of interest.

All images were obtained using the same CBCT machine (3D eXam, KaVo) with a
minimum filtration equivalent of 120 kVp, scanning time of 4.8 seconds, tube current of 3 to
7 mA, 320 scanning layers, and thickness of each layer of 0.3 mm. The scans used in this study
were selected from the CBCT database and were not specifically acquired for the study. Data
were saved in the digital imaging and communications in medicine (DICOM) format. The
DICOM file for each individual was transferred to a desktop computer equipped with an
implant-planning software program (NobelClinician, Nobel Biocare). The scan was oriented
such that the maxilla was symmetrical, and the palatal plane was parallel to the ground.

The long axis of the crown was determined by connecting the buccolingual midpoint at the
cementoenamel junction and central fossa (Fig. 1). The long axis of the alveolar bone
represented the line running through the labiopalatal midpoint of the alveolar bone (Fig. 2).
Tapered implants (3.5x10 mm, 4.3x10 mm Nobel Active; Nobel Biocare) were placed virtually
in the selected central sites. Virtual implant placement was then completed following a
restoration-driven approach, with the screw access located in the central fossa of the premolar
crowns along its long axis. The implant platform was positioned at the crestal level
apicocoronally (Fig. 1). After the virtual implant had beenplaced, measurements were made in
the midsagittal plane of the virtual implant and the relationship between the alveolar bone and
the virtually placed implant evaluated.

Measurements were made at 3 levels as described by Sarnachiaro et al[15]: L1, coronal level;



L2, middle level; L3, apical level at the time of implant placement. The coronal level
corresponded to the implant platform, and the middle level corresponded to the implant
half-length, where the apical level was at the implant apex. At each level, 2 reference points were
identified: the plate’s most buccal or palatal point and the implant contact point. A straight line
connected the points. The distance between the 2 points at each level was measured (B1, B2, B3,
P1, P2, P3). The tooth-alveolar angle was defined as between the long axis of the crown and
alveolar bone (Fig. 3). Distance EF was from the virtual implant bottom to the maxillary sinus
floor (Fig. 3).

A single examiner (Z.K.) performed all measurements. The intra-examiner reliability was
0.921 for duplicate examinations from 2 randomly selected premolars after virtually
implantation3 days apart. The measurements were repeated 3 times, and the mean values were
used. All measurements were presented as mean *standard deviation (SD). The chi-squared test
and 1-way ANOVAs were used to examine differences in categorical variables, including the
frequency distribution of different types of implant angulation, LBP, and implantation into the
maxillary sinus in maxillary premolars. Independent ¢ tests were used to compare the mean
values of B1, B2, B3, P1, P2, P3, and the tooth-alveolar angle at non-perforation and perforation
sites. Binary logistic regression modelling was used to determine if the odds ratios of variables
made an important contribution to the probability of LBP and implantation into the maxillary
sinus. Statistical analysis was performed using a statistical software program (SPSS Statistics

v17.0, SPSS Inc) (¢=.05).



RESULTS

A representative pair of straight shapes are shown in Figure 4. For both Type A and B, the
long axes of the crowns were parallel to that of the alveolar bone. However, a wider alveolar
bone was observed in Type A than Type B.A representative pair of oblique shapes are shown in
Figure 5. Unlike in Figure 4, the long axes of the crowns were inclined relative to that of the
alveolar bone, but similarly to Figure 4, a wider alveolar bone was observed in Type A than
Type B.A representative boot shape is shown in Figure 6. A concavity was observed in the
middle part of the alveolar bone.

After application of the inclusion criteria, a total of 399 participants, 201 men and 198
women, with 1596 teeth were available for further analysis. Table 1 showed the frequency
distributions of the tooth-alveolar classification in maxillary premolars. When the virtual implant
was 3.5x10 mm, perforation was more likely to occur in the first premolars (23.3%) compared
with the second premolars (3.0%) (Table 2). LBP occurred in straight, oblique, and boot-shaped
first and second premolars (Table 3). When the virtual implant was 4.3x10 mm, LBP was more
likely to occur in the first premolars (31.2%) compared with the second premolars (5.4%) (Table
4). LBP occurred in the straight, oblique, and boot-shaped first and second premolars (Table 5).

The tooth-alveolar angle in the perforation group was significantly higher than that in the
non-perforation group (P<.001) (Table 6).The probability of LBP was significantly different
between each tooth type (P<.001) (Table 7). The distance was smaller in the second premolars
than in the first premolars (P<.001) (Table 8). The distance was lower in the perforation group

than in the non-perforation group (P<.001).



After adjusting for the right or left side, sex, age, tooth-alveolar classification, and
tooth-alveolar angle, the odds of LBP in virtually placed implants in the first premolars were
2.30 times (95% confidence interval [CI], 1.35-3.91; P=.002) higher than the odds in the second
premolars, and the odds of virtually touching the maxillary sinus floor in the second premolars

were 4.36 times (95% CI, 2.73—-6.97; P<.001) higher than the odds in the first premolars.

DISCUSSION

The perforation rates of various morphologies in maxillary premolars were significantly
higher for oblique and boot shapes. Clinically, in maxillary premolar implantation, buccal
perforation, dehiscence, or both may occur because of a thin labial wall and buccal concavity.
Studies showed that a thinner buccal bone wall was found in upper anterior teeth, first premolars,
and second premolars[16]. The buccal bone wall also differed between multiple and single roots
in first and second premolars. Buccal concavity may appear due to the morphology of the
maxilla or due to other causes, such as root pathology or periapical infections. Data on maxillary
premolar implantation adopting the restoration-driven treatment plan are lacking. Therefore, this
study analyzed CBCT data to help make decisions regarding maxillary premolar implant
replacement. Nowadays, CBCT has become a conventional technique for clinical diagnosis and
implant planning owing to its high accuracy, low radiation dose, and convenience[8,17-18].

In this study, maxillary premolars were categorized according to the tooth-alveolar shape as
follows: straight (the long axis of the crown was parallel to the long axis of the alveolar bone),

oblique (the long axis of the crown was inclined relative to the long axis of the alveolar bone),



and boot-shaped (the middle part of the alveolar bone was concave). Among the three shapes, the
straight shape was the category with the highest probability of non-perforation compared to that
of the oblique and the boot-shaped group. Therefore, the straight shape, where dental
implantation along the crown axis, was the most suitable morphology. An appropriate implant
diameter should be decided based on the width of the alveolar bone for Type B of the straight
shape. For the oblique shape, implant direction and length should be considered during surgery.
In particular, the proper implant direction, diameter, and length should be considered in Type B
of the oblique shape. If necessary, adjustment of implant angulation or a tapered implant may be
beneficial for preventing LBP. The boot shape was the most difficult to implant, and attention
should be paid to its implant direction, diameter, and length. If necessary, adjustment of the
implant angulation using a narrow tapered implant may be beneficial for preventing LBP. The
incidence of perforation significantly increased in oblique and boot shape. It was also found that
tooth-alveolar angle larger than 30 degrees might cause LBP. The oblique and boot shape of 37.8%
in the first premolars and 7.6% in the second premolars needed to be paid attention to the
direction of implantation. If the site exhibited a high risk of LBP for oblique and boot-shaped, a
guide plate was needed to determine the implantation direction. A thin labial plate could also
lead to LBP and affect the amount of labial thickness reconstruction[17]. This requires clinicians
to consider treatment options to reduce the risk of LBP. Placing bone grafts, absorbable
membranes, socket shield technique, and immediate implant placement without delay were used
to improve labial plate thickness[15,19-20].

In previous studies, root position was assessed only in the maxillary anterior teeth, and few
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provided information on the spatial relationship between the root and the alveolar bone[4,21-22].
Lau et al used CBCT to classify maxillary central incisors by analyzing the position and
angulation of the teeth[21]. Most of the central incisors were type B (78.8%), while 19.4% and
1.8% were type M and P, respectively[21]. Kan et al evaluated the association between the
position of maxillary anterior teeth and their osseous housing, categorizing them as class [-IV[4].
The frequency distribution of the sagittal root position of maxillary anterior teeth indicated that
81.1%, 6.5%, 0.7% and 11.7% were classified as class I, II, III, and IV, respectively[4]. Sung et
al determined that perforation was most likely to occur in canine teeth (94.1%) compared to
central (85.6%) or lateral incisors (71.9%)[5]. LBP was most likely to occur in maxillary anterior
teeth than in maxillary premolars. This difference can be attributed to the interaction between
study design, classification system, tooth positions, dental condition, and racial and ethnic
causes.

The "crown-down" approach for implantation was clinically unfeasible; therefore, virtual
implants were used to simulate buccal perforations following the crown axis. Computer-guided
implant planning may allow an accurate evaluation of the implant location on CBCT. Several
studies have used virtual implants to study LBP[5,13], nasopalatine canal perforations (NPC)
[14,23], and lingual perforations[6]. Till date, few studies were reported to utilize virtual
implants to analyze LBP in maxillary premolars.

This study began with a restoration-driven treatment plan and drew on the spatial
relationship between the tooth and alveolar bone in maxillary premolars[4-5,20]. The proportion

and influencing factors of buccal perforation in the maxillary premolars were studied using
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virtual implants.

However, the results and classifications in this study lacked alveolar bone atrophy after tooth
loss. Tooth extraction and trauma to hard tissues are followed by pronounced resorption,
particularly of the buccal bone plate[13,17,23]. These changes may be due to the loss of
periodontal ligaments and continuous trauma, particularly to the cheekbone plate[24]. Future
research should focus on alveolar bone atrophy, which may refine the classification of the

posterior maxillary morphology.

CONCLUSIONS

Based on the findings of this study, the following conclusions were drawn:

1. The morphology of maxillary premolars was classified into three types (straight, oblique, and
boot-shaped) based on CBCT scanning.

2. LBP was common in the first maxillary premolars when an implant was placed according to
the crown axis, less seen in second maxillary premolars. The perforation rate was significantly
higher in the oblique and the boot-shaped types than the straight shape type. Attention should be
paid to the implant direction, diameter, and length in the oblique and boot-shaped types.

3. Preoperative CBCT should be considered to estimate the morphology and LBP in maxillary

premolars.
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TABLES

Table 1. Frequency distribution of tooth-alveolar classification in maxillary premolars

17

Variable Straight shape Oblique shape Boot shape P
Type A Type B Type A Type B
n % n % n % n % n Y%
Right 627 78.6 4 0.5 132 16,5 33 41 2 0.3 .320
Left 597 748 6 0.8 146 183 44 55 5 0.6
1** premolar 492 617 5 0.6 240 30.1 55 69 6 0.8  <.001
2" premolar 732 917 5 0.6 38 48 22 28 1 0.1
1* premolar, right 255 639 3 0.8 116 29.1 23 58 2 0.5 <.001
1°* premolar, left 237 594 2 0.5 124 31.1 32 80 4 1.0
2" premolar, right 372 932 1 0.3 16 4.0 10 25 0 0
2" premolar, left 360 902 4 1.0 22 55 12 30 1 0.3
Total 1224 7677 10 0.6 278 174 77 48 7 0.4
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Table 2. Frequency distribution of labial bone perforation in maxillary premolars (3.5x10 mm

implant)
Variable Perforation (Pe) Non-perforation (NP) P
n % n %
Right 91 11.4 707 88.6 .010
Left 119 14.9 679 85.1
1% premolar 186 233 612 76.7 <.001
2" premolar 24 3.0 774 97.0
1** premolar, right 83 20.8 316 79.2 .019
1*" premolar, left 103 25.8 296 74.2
2" premolar, right 8 2.0 391 98.0
2" premolar, left 16 4.0 383 96.0
Total 210 13.2 1386 86.8
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Table 3. Distribution of LBP according to tooth-alveolar classification in maxillary premolars

(3.5%10 mm implant)

Variable Straight shape Oblique shape Boot shape

Type A Type B Type A Type B

Pe NP Pe NP  Pe NP Pe NP Pe NP
Right 10 618 3 0 53 79 23 10 2 0
Left 11 586 1 5 75 71 29 15 3 2
1* premolar 18 474 3 2 119 121 41 14 5 1
2" premolar 3 730 1 3 9 29 11 11 0 1
14 9 246 3 0 52 64 17 6 2 0
24 9 228 0 2 67 57 24 8 3 1
15 1 372 0 0 1 15 6 4 0 0
25 2 358 1 3 8 14 5 7 0 1
Total 21 1204 4 5 128 150 52 25 5 2

Pe, perforation group; NP, non-perforation group.
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Table 4. Frequency distribution of labial bone perforation in maxillary premolars (4.3x10 mm

implant)
Variable Perforation Non-perforation P
n % n %
Right 119 14.9 679 85.1 <.001
Left 173 21.7 625 78.3
1* premolar 249 31.2 549 68.8 <.001
2" premolar 43 5.4 755 94.6
1°* premolar, right 105 26.3 294 73.7 <.001
1°* premolar, left 144 36.1 255 63.9
2" premolar, right 14 3.5 385 96.5
ond premolar, left 29 7.3 370 92.7
Total 292 18.3 1304 81.7




Table 5. Distribution of LBP according to tooth-alveolar classification in maxillary premolars

(4.3%x10 mm implant)
Variable Straight shape Oblique shape Boot shape

Type A Type B Type A Type B

Pe NP Pe NP Pe NP Pe NP  Pe NP
Right 20 608 0 3 72 60 25 8 2 0
Left 30 567 2 4 100 46 37 7 4 1
1* premolar 41 451 1 4 156 84 46 9 5 1
2" premolar 9 724 1 3 16 22 16 6 1 0
14 16 239 0 3 69 47 18 5 2 0
24 25 212 1 1 87 37 28 4 3 1
15 4 369 0 0 3 13 7 3 0 0
25 5 355 1 3 13 9 9 3 1 0
Total 50 1175 2 7 172 106 62 15 6 1

Pe, perforation group; NP, non-perforation group



Table 6. Comparisons of tooth-alveolar angle in labial bone perforation and non-perforation sites

in maxillary premolars

Variable Mean + SD P Perforation, mean + SD P (Pe vs. NP)
Yes No
Left 20.9+8.52° .035 30.5+5.75° 19.1+£7.72° <.001
Right 19.5+9.23° 31.5+6.63° 17.9+£8.30° <.001
1** premolar 24.1+8.39° <.001 31.3%6.09° 21.9+£7.72°  <.001
2" premolar 16.2+7.57° 28.3+£5.99° 15.8+£7.24° <.001
14 23.4+8.96° <.001 31.7+6.49° 21.2+£8.19°  <.001
24 24.947.70° 31.0+5.73° 22.7+¢7.11°  <.001
15 15.5+7.68° 29.4+7.48° 15.2+7.38° <.001
25 17.0+£7.38° 27.8+5.11° 16.4+£7.03° <.001

Pe, perforation group; NP, non-perforation group.



Table 7. Frequency distribution of maxillary sinus perforation in maxillary premolars

Variable Perforation Non-perforation P
n % n %
Right 79 9.9 719 90.1 132
Left 61 7.6 737 92.4
1*' premolar 23 2.9 775 97.1 <.001
2" premolar 117 14.7 681 85.3
1** premolar, right 14 3.5 385 96.5 <.001
1* premolar, left 9 2.3 390 97.7
2" premolar, right 65 16.3 334 83.7
ond premolar, left 52 13.0 347 87.0
Total 140 8.8 1456 91.2

23



Table 8. Distance (mm) from bottom of virtual implant (10 mm) to maxillary sinus floor in

maxillary premolar in straight shape

Variable Mean+SD P Perforation, mean + SD P (Pe vs. NP)
Yes No
Left 4.00+£3.43 .708 -1.55£093  4.72+2 91 <.001
Right 3.92+3.49 -1.42+£090  4.79+£2.94 <.001
1** premolar 5.03£3.18 <.001 -1.29+0.67 5.41£2.85 <.001
2" premolar 3.34+3.46 -1.52+£095 4.32+291 <.001
1** premolar, right 4.90+£3.10 <.001 -1.20+0.65 5.30+2.80 <.001
1°* premolar, left 5.22+3.22 -1.43£0.67  5.54%£2.92 <.001
2" premolar, right 3.37+3.57 -1.47+£0.94  4.45+£3.00 <.001
2" premolar, left 3.31+3.35 -1.57£0.96  4.20+2.82 <.001

Pe, perforation group; NP, non-perforation group.
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FIGURES
Figure 1. Determination of long axis of crown (L.). Long axis of crown was determined by

connecting buccolingual midpoint (C) at cementoenamel junction and central fossa (D).

Figure 2. Determination of long axis of alveolar bone (Ly). Long axis of alveolar bone represents
line running through labiopalatal midpoint of alveolar bone. Tooth-alveolar angle (£1):

angulation between long axis of crown (L) and long axis of alveolar bone (Ly).
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Figure 3. Data measurement. Labial/palatal bone thickness between alveolar bone and virtually
placed implant at coronal, middle, and apical levels (B1, B2, B3, P1, P2, P3). Distance (EF) from

virtual implant bottom to maxillary sinus floor.
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Figure 4. (A) Radiographic image of type A straight shape. (B) Graphic illustration of type A
straight shape. (C) Cross-sectional CBCT image demonstrating dental implant insertion in type
A straight shape. (D) Radiographic image of type B straight shape. (E) Graphic illustration of

type B straight shape. (F) Cross-sectional CBCT image demonstrating dental implant insertion in

type B straight shape.
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Figure 5. (A) Radiographic image of type A oblique shape. (B) Graphic illustration of type A
oblique shape. (C) Cross-sectional CBCT image demonstrating dental implant insertion in type
A oblique shape. (D) Radiographic image of type B oblique shape. (E) Graphic illustration of

type B oblique shape. (F) Cross-sectional CBCT image demonstrating dental implant insertion in

type B oblique shape.




Figure 6. (A) Radiographic image of boot shape. (B) Graphic illustration of boot shape. (C)

Cross-sectional CBCT image demonstrating dental implant insertion in boot shape.
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