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ABSTRACT

Purpose: This research aimed to investigate potential factors associated with the risk of
perforation of the labial bone plate, nasal floor, or maxillary sinus floor during immediate
implant placement (IIP) in the maxillary premolar area, utilizing a cone-beam computed
tomography (CBCT) virtual study.

Methods: CBCT exams from 179 eligible participants, encompassing 716 teeth, were
included. Implants were virtually positioned in 2 orientations: along the long axis of the
tooth (the prosthetically-driven position) and in an optimal position relative to adjacent
anatomical structures (the bone-driven position). Binary logistic regression analysis was
employed to assess potential associations between perforation or invasion and various
covariates, including sex, age, tooth region, the distance from the tooth apex to the nasal
floor or maxillary sinus floor, the angle between the prosthetically- and bone-driven
positions (implant-line A angle [ILAA]), and the labial concavity angle (LCA).

Results: The mean ILAA was 18.3°8.0°, and the angle was significantly larger for the second
premolar compared to the first premolar. The mean minimum implant length was 13.0+2.1
mm, with a bone anchorage of 4 mm. The incidence of perforation was 84.1% for the
prosthetically-driven position and 40.5% for the bone-driven position. Factors associated
with a higher risk of cortical bone wall perforation or invasion of the 2-mm safety margin
from surrounding anatomical structures (in the bone-driven position) included female
sex, older age, shorter distance from the tooth apex to the nasal cavity/maxillary sinus, and
smaller LCA.

Conclusions: A high prevalence of cortical bone wall perforation or invasion of the 2-mm
safety margin is anticipated when performing IIP in the maxillary premolar region.

Keywords: Cone-beam computed tomography; Dental implants; Immediate placement;
Maxillary premolars

INTRODUCTION

According to the original Branemark protocol, a dental implant should be placed at the
planned surgical site only after several months of healing of the extraction alveolar socket,
ensuring that an adequate amount of bone is available at the implant site [1]. However, not

72

ssaidjunuiy Aq pajessusn


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-3460-3374
https://orcid.org/0000-0002-3460-3374
https://orcid.org/0000-0002-3460-3374
http://crossmark.crossref.org/dialog/?doi=10.5051/jpis.2303580179&domain=pdf&date_stamp=2024-08-26

JPIS A

Chreanovic; Writing - review & editing: Ali long after that protocol was suggested, others proposed that implants could be installed
Najm, Amer Bihorac, Vinicius de Carvalho directly into the alveolar dental socket immediately following tooth extraction [2]. This
Machado, Bruno Ramos Chrcanovic. method was termed immediate implant placement (IIP).

11P in the premolar maxilla: a CBCT study

1IP offers several advantages over the initial protocol, including shorter treatment time
through fewer surgical sessions, diminished resorption of the alveolar bone after tooth
extraction, improved psychological outcomes for the patient, and the ability to position
the implant in a more ideal axial inclination, more closely resembling that of the natural
tooth previously occupying the socket [3]. However, as the alveolar socket is empty, this
method may compromise the primary stability of the implant due to the reduced volume of
surrounding bone [4].

Provided that proper care is taken, IIP represents a viable option even in alveolar sockets with
existing endodontic and/or periodontal lesions [5]. A recent systematic review, which compiled
data from 163 clinical studies, found that implants placed in fresh extraction sockets had a
failure rate of 3.60% (622 failures among 17,278 implants). This contrasts with a failure rate of
2.87% (1,113 0f 38,738 implants) for implants placed in healed sites. However, the meta-analysis
indicated a higher risk of failure for implants placed in extraction sockets [6].

Some minor adjustments to the IIP approach are necessary, depending on the jaw region
involved. The roots of the first maxillary premolar (1IPM) are typically found at the lowest

part of the anterior maxillary buttress, while those of the second maxillary premolar (2PM)
are generally located beneath the anterior maxillary sinus. The anterior maxillary buttress
originates around the alveolus of the maxillary canines, and its triangular lower portion is
situated between the maxillary sinus and the nasal cavity [7]. Consequently, an adequate
evaluation of the local anatomical structures is necessary when considering IIP as a treatment
option [8,9].

The aim of this study was to explore potential factors associated with the risk of perforating
the labial bone plate, nasal floor, or maxillary sinus floor during IIP in the maxillary premolar
area, utilizing a cone-beam computed tomography (CBCT) virtual study. This represents the
first investigation into the risks of IIP in the maxillary premolar region.

MATERIALS AND METHODS

Objectives

The objectives of the present study were as follows: a) To determine the risk of perforation of
the labial bone plate, the nasal floor, or the maxillary sinus floor when implants are virtually
planned for placement either along the longitudinal axis of the tooth (the prosthetically-
driven ideal position) or in the bone-driven position, for IIP in the maxillary premolar area;
b) To ascertain the minimum feasible implant length in the specified region that avoids
perforation of the surrounding cortical bone, while also maintaining a safety margin from
adjacent anatomical structures; c) To determine the angle between the 2 described positions;
and d) To investigate the associations between the covariates and cortical bone perforation
for the ideal bone-driven position.
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Hypothesis

The null hypothesis posited that the prevalence of cortical bone perforation would not differ
significantly between the bone-driven and prosthetically-driven ideal positions for IIP in the
maxillary premolar area.

Participants

The present retrospective analysis was based on maxillary scans performed at Slice
Diagnostico Volumétrico por Imagem in Belo Horizonte, Brazil, during the last quarter of
2014. The scans utilized in this study were selected from the CBCT database and were not
specifically acquired for this publication.

Ethical considerations

The study was approved by the Institutional Review Board (or Ethics Committee) of Centro
de Pesquisas Odontoldgicas Sdo Leopoldo Mandic, Campinas, Brazil (protocol code CAAE
51387215.5.0000.5374). Patients were contacted via telephone, and each provided written
informed consent, authorizing the use of their scans. The patients were not identifiable in the
published data, and a decoding list that linked patient names to numbers was maintained by
the principal investigator and destroyed after completion of the study. The research adhered
to the principles set forth in the 1964 Helsinki Declaration for biomedical research involving
human participants, as revised in 2013.

Inclusion and exclusion criteria

The following inclusion criteria were applied for the scans: a) the patients consented to their
use; b) the scans comprised CBCT examinations of the maxilla; c) fully erupted bilateral
maxillary premolars were present; d) each tooth had fully formed apices; and e) each tooth
was normally positioned and aligned.

CBCT examinations were excluded based on the following criteria: a) the presence of
technical artifacts that compromised the evaluation of the targeted structures; b) images
that included an implant, a pathological lesion, obvious root resorption, or a missing tooth;
and c) examinations from patients with a history of orthognathic surgery, grafted alveolar
ridge, supernumerary or impacted teeth, preexisting alveolar bone destruction, perforation,
dehiscence, or a combination thereof resulting from periodontal disease or traumatic injury
in the area under investigation.

Selection of cases

In the last quarter of 2014, a total of 574 CBCT exams of the maxilla were performed at Slice
Diagnostico Volumétrico por Imagem in Belo Horizonte, Brazil. Of these, 387 exams were
initially excluded for the following reasons: missing maxillary premolars, the presence of
an implant in the premolar region, misalignment of teeth, or radiological artifacts that
compromised the evaluation of the targeted structures. Of the remaining 187 exams, 8
were further excluded due to the presence of periapical bone destruction in a premolar.
Consequently, 179 CBCT exams were included in the study.

Hardware and software

CBCT scanning was conducted using an i-CAT CBCT system (Imaging Sciences
International, Hatfield, PA, USA). The scans, which included the entire maxilla, were
acquired with the i-CAT 3D Imaging System (i-CAT Vision Software, Imaging Sciences
International). The following CBCT parameters were consistently applied for all patients: a
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tube voltage of 120 kV, a current of 3 to 5 mA, X-ray emission over a 40-second interval, and
an effective dose of 136 uSv. Measurements were taken from the transverse sections of the
selected teeth using computer software (DeltalSlice Navegagio Virtual version 2021, Bioparts,
Brasilia, Brazil). The thickness of the transverse sections was set at 1.0 mm. A standard field
of view (medium; 6x14 cm) was used to capture the entire maxilla.

11P in the premolar maxilla: a CBCT study

Sample size calculation

The sample size was computed using ClinCalc.com and was based on research by Botermans
et al. [8]. That study observed an incidence of approximately 5% for fenestration (labial
cortical bone perforation) when IIP was performed at the bone-driven ideal location in the
anterior maxilla. We hypothesized that prosthetically-driven IIP in the maxillary premolar
sockets would yield a 4-fold increase in cortical bone perforation compared to IIP with bone-
driven ideal placement, with expected rates of 20% versus 5%. Accordingly, a total of 150
cases were required, with an alpha of 5% and a power of 80%.

Definitions and measurements

Safety margin from the implant to the adjacent anatomical structures

Implants were placed to maintain a predefined distance from adjacent anatomical structures.
In the maxillary premolar region, these structures included the adjacent teeth, the floors

of the nasal and maxillary sinuses, and the labial and palatal cortical bone plates. For 1PM
and 2PV, the distance between the implant and these structures was defined as extending
from the closest point of the implant to the structure in question. The minimum distance
between the implant and an adjacent tooth was set at 2 mm, adhering to recommendations
that this distance should be no less than 1.5 to 2 mm [10]. Similarly, a minimum distance of 2
mm was maintained between the implant apex and the floor of the nasal or maxillary sinus.
Additionally, a 2-mm clearance was preserved from all external cortical bone plates.

Implant simulation

The center of the implant platform was positioned buccolingually along an imaginary line
that extended along the long axis of the tooth. For virtual IIP, a parallel implant with a
diameter of 3.75 mm was selected. The implant was placed 1 mm subcrestally to account for
the anticipated approximated marginal bone loss after 12 months after IIP [11]. To ensure
primary stability, a minimum of 4 millimeters of bone was required to exist apically to the
apex of the alveolar socket [12,13].

In each tooth site, implants were positioned in 2 ways.

a) Prosthetically-driven ideal position: this placement involved positioning the implant along
the palatal slope of the tooth root being investigated, with the crown aligned along line
A as depicted on the sagittal section. Line A represented the line that best connected the
occlusal central developmental fossa with the root apex of the tooth, bisecting the labial
and palatal halves. The implant was required to be anchored in at least 4 mm of native
bone. Depending on the case, this positioning may result in either the absence of bone
plate perforation (Figure 1) or its occurrence (Figure 2). In cases not exhibiting perforation,
the examiner also noted whether the implant maintained the minimum distance of 2 mm
from adjacent anatomical structures. Additionally, the correct mesiodistal angulation was
confirmed in the panoramic view (Figure 3).
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Absence of bone plate perforation when the implant is positioned in the prosthetically-driven ideal
position and anchored with at least 4 mm of native bone.

Occurrence of bone plate perforation when the implant is positioned in the prosthetically-driven ideal
position and anchored with at least 4 mm of native bone.

L.
Proper mesiodistal angulation verified in the panoramic view.
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b) Bone-driven ideal position: this refers to the shortest possible implant length that can
be achieved without perforation, while ensuring that the implant apex is anchored in at
least 4 mm of native bone. The minimum distance of 2 mm was similarly maintained from
the nasal and/or maxillary sinus floor, as well as from the labial and palatal bone plates.
Acceptable mesiodistal angulation was also confirmed in the panoramic view.

11P in the premolar maxilla: a CBCT study

In certain cases, IIP is clearly not feasible, as shown in Figure 4.

Implant-line A angle (ILAA)
The angle formed by the implant in this position relative to the prosthetically-driven ideal
position (line A) was measured and termed the ILAA (Figure 5).

Lack of bone for sufficient apical anchorage, precluding immediate implant placement.

Graphic visualization of the ILAA.
ILAA: implant-line A angle.
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Point P

LCA

Point C

Graphic visualization of the LCA.
LCA: labial concavity angle.

Labial concavity angle (LCA)

The LCA was defined as the angle formed between line D-C and line D-P (Figure 6). Line
D-C is drawn from point D to point C, with the latter denoting the most external point on
the buccal plate. Line D-P connects points D and P, where point P indicates the most external
point on the buccal plate superior to point D. The LCA was measured at the virtual buccal-
palatal longitudinal middle section of each tooth.

Tooth apex distance
This measurement was taken from the apex of the tooth to the floor of the nasal cavity or
maxillary sinus.

Angle measurement
The images produced were subsequently transferred to Image J (National Institutes of Health,
Bethesda, MD, USA) for the measurement of the relevant angles.

Calibration

Prior to the study, calibration was performed among 3 authors (A.B., A.N., and B.R.C.)
using 10 CBCT exams, focusing on the positioning of the implants and all associated
measurements. Following this calibration, the first 2 authors of the manuscript (A.B. and
A.N.) conducted the measurements.

Statistical analyses

The mean, standard deviation, minimum, and maximum for each measurement were
calculated. Variations were assessed based on the tooth (1PM or 2PM) as the predictor
variable. Additional variables included the maxillary side (left or right), age, and sex.

The Kolmogorov—Smirnov test was used to assess the normality of the distribution.
Homoscedasticity was evaluated using the Levene test. To compare the measurements of
each tooth between the left and right maxilla, the paired #test and the Wilcoxon test were
applied as appropriate. When comparing independent groups (including tooth and sex),
the Student #test or the Mann-Whitney Utest was used, depending on whether the data
followed a normal distribution. The Pearson ) test or the Fisher exact test was employed for
categorical variables, with the choice of test based on the expected frequency of events in a
2x2 contingency table. To investigate the relationships of patient age with LCA, ILAA, and the
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minimal possible implant length, as well as the relationship between LCA and ILAA, Pearson
correlation and linear regression analyses were conducted. Spearman correlation analysis was
used to examine the relationships of sex with LCA, ILAA, minimal possible implant length,
and distance from the tooth apex to the nasal cavity/maxillary sinus.

11P in the premolar maxilla: a CBCT study

Univariate and multivariate binary logistic regression analyses were employed to evaluate
potential associations between the covariates and perforation of the labial bone plate when
implants were positioned in the prosthetically-driven ideal location. Odds ratios (ORs) and
95% confidence intervals were derived from these regression models.

The final multivariate regression model included only those variables that demonstrated

a moderate association (2<0.10) with labial bone plate perforation while exhibiting no
multicollinearity. To assess multicollinearity, a correlation matrix of all predictor variables
that displayed a significant OR (Pvalue threshold=0.1), as identified in the univariate models,
was reviewed to check for high correlations among the predictors. Additionally, collinearity
diagnostics were performed using the variance inflation factor and the tolerance statistic to
detect subtler forms of multicollinearity.

Pvalues of less than 0.05 were considered to indicate statistical significance. The data were
statistically analyzed using SPSS version 28 (IBM Corp., Armonk, NY, USA).

RESULTS

Participant cohort

The details of the patient cohort are presented in Table 1. The data indicate a higher number
of examinations from women compared to men, with women displaying a slightly higher
mean age.

Measurements

The mean values representing the minimum length of the planned implants in the bone-
driven position, positioned to maintain a safety margin (>2 mm) from surrounding
structures, were slightly higher for 1PM than for 2PM (Table 2). However, the difference in
mean values was not statistically significant (P=0.127, Mann-Whitney Utest).

Description of the cohort group by sex

Sex Total (n=179) Age (yr) Range (min-max)
Male 83 (332) 45.0+15.2 14.2-73.0
Female 96 (384) 47.6+15.1 16.1-78.1

Values are presented as mean + standard deviation or number of patient (teeth).

Minimum implant length for bone-driven positioning

Tooth Mean + SD Range (min-max) No.
15 12.7+2.2 6.5-18.5 75
14 13.3+2.1 7.0-19.0 132
24 13.1+2.2 6.5-19.0 135
25} 12.8+2.1 8.5-17.0 85
Global 13.0+2.1 6.5-19.0 427

SD: standard deviation.
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LCA values, globally and by sex

Tooth Global (n=179) Male (n=83) Female (n=96) P value?
Mean + SD Range (min-max) Mean + SD Range (min-max) Mean + SD Range (min-max)
15 154.5+10.8 110.5-173.5 156.4+10.8 110.5-173.5 153.3+9.9 131.4-170.1 0.014
14 158.3+9.7 115.2-176.5 159.8+9.3 121.1-176.5 157.1+9.8 115.2-173.6 0.055
24 158.9+8.3 112.6-177.1 160.0+8.5 122.6-177.1 158.0+7.9 135.9-171.9 0.064
25 154.4+11.2 112.0-173.7 156.5+11.2 112.0-173.7 152.6+11.0 120.2-170.9 0.010
All teeth 156.5+10.3 110.5-177.1 158.2+10.1 110.5-177.1 155.3+10.0 115.2-173.6 <0.001
(n=716) (n=716) (n=332) (n=332) (n=384) (n=384)

LCA: labial concavity angle, SD: standard deviation.
3The mean LCA values were compared between male and female patients using the Mann-Whitney U test.

Frequency of cortical bone perforation for prosthetically- and bone-driven positions, along with ILAA

Tooth Prosthetically-driven ILAA Bone-driven

No perforation <2 mm Perforation Mean + SD Range (min-max) No perforation <2 mm Perforation
15 3(1.7) 15 (8.4) 161 (89.9) 20.6+8.5 0-40.1 29 (16.2) 46(25.7) 104 (58.1)
14 5(2.8) 26 (14.5) 148 (82.7) 17.5+7.4 0-38.7 51 (28.5) 81 (45.2) 47 (26.3)
24 5(2.8) 39(21.8)  135(75.4) 16.7+7.8 0-34.3 54 (30.2) 81 (45.2) 44 (24.6)
25 3(1.7) 18(10.0)  158(88.3) 20.3+8.2 0-37.1 30(16.7) 54 (30.2) 95 (53.1)
Total 16 (2.9) 98 (13.7) 602 (84.1) 18.3+8.0 0-40.1 164 (22.9) 262 (36.6) 290 (40.5)

Values are presented as number (%).
ILAA: implant-line A angle, SD: standard deviation.

The mean value of the LCA differed significantly between men and women (2<0.001, Mann-
Whitney Utest) when all measurements were considered (Table 3). A weak correlation was
observed between LCA and sex (%=-0.160, P<0.001; Spearman correlation).

The frequency of perforation was greater among implants with prosthetically-driven
placement compared to those in bone-driven positions (Table 4). A highly significant
difference was noted in the prevalence of cortical bone perforation between prosthetically-
and bone-driven ideal positions (P<0.001, Pearson y” test). Of the 716 prosthetically-driven
implants, only 16 exhibited no perforation. The mean ILAA angle was 18.3°+8.0°, with a higher
average ILAA for 2PM than for 1PM. A statistically significant difference in mean ILAA values
was observed between the 1PM and 2PM teeth (£<0.001, Mann-Whitney Utest) (Table 4).

The correlation between the ILAA and the LCA was weak (=-0.149, P=0.002; Pearson
correlation). Similarly, weak correlations were found between ILAA and sex (#=0.160,
P<0.001; Spearman correlation) and between the distance from the tooth apex to the nasal
cavity/maxillary sinus and sex (%=0.183, P<0.001; Spearman correlation). The correlation
between age and ILAA was very weak (=0.023, P=0.636; Pearson correlation), as were the
correlations between age and LCA (7=-0.183, P<0.001; Pearson correlation), between age
and minimal implant length (7=-0.049, P=0.313; Pearson correlation), and between sex and
minimal implant length (7=0.022; P=0.649; Spearman correlation).

According to the univariate binary logistic regression model (Table 5), several factors
influenced the occurrence of cortical bone perforation or the invasion of the 2-mm safety
margin from surrounding anatomical structures by the planned implant. These included sex,
age, tooth region, distance from the tooth apex to the nasal cavity/maxillary sinus, and LCA.
In the multivariate model, all factors except tooth region remained statistically significant.
Specifically, female sex, older age, shorter distance from the tooth apex to the nasal cavity/
maxillary sinus, and smaller LCA were associated with greater risk of perforation or invasion
(Table 6).

https://doi.org/10.5051/jpis.2303580179 80



11P in the premolar maxilla: a CBCT study

JPIS A

Univariate binary logistic regression for cortical bone perforation or invasion within the 2-mm safety
margin from surrounding anatomical structures (relative to no perforation), for bone-driven implant position

Factor OR (95% CI) P value

Sex <0.001
Male 1
Female 3.526 (2.411-5.155)

Age 1 0.084
1-year increase 1.010 (0.999-1.022)

Tooth region <0.001
First premolar 1
Second premolar 2.031 (1.407-2.930)

Tooth apex distance 1 <0.001
1-mm increase 0.705 (0.664-0.750)

ILAA 1 0.211
1°increase 1.016 (0.991-1.041)

LCA 1 <0.001
1°increase 0.946 (0.926-0.967)

OR: odds ratio, CI: confidence interval, ILAA: implant-line A angle, LCA: labial concavity angle.

Multivariate binary logistic regression for cortical bone perforation or invasion within the 2-mm safety
margin from surrounding anatomical structures (relative to no perforation), for bone-driven implant position

Factor OR (95% CI) Pvalue

Sex <0.001
Male 1
Female 2.358 (1.492-3.725)

Age 1 <0.001
1-year increase 1.034 (1.018-1.049)

Tooth region 0.750
First premolar 1
Second premolar 0.925 (0.571-1.497)

Tooth apex distance 1 <0.001
1-mm increase 0.697 (0.650-0.747)

LCA 1 0.008
1°increase 0.964 (0.938-0.990)

OR: odds ratio, Cl: confidence interval, LCA: labial concavity angle.

DISCUSSION

The present findings indicate a highly significant difference in the prevalence of cortical
bone perforation between the prosthetically- and bone-driven ideal positions for IIP in the
maxillary premolar region. Consequently, the null hypothesis was rejected.

The regression model identified 4 variables as factors that increase the risk of cortical bone
perforation or invasion of the 2-mm safety margin from adjacent anatomical structures when
the implant is virtually placed in the bone-driven position. These were female sex, older age,
shorter distance from the tooth apex to the nasal cavity/maxillary sinus, and smaller LCA.

Relative to men, women were nearly 2.4 times more likely to exhibit perforation of the

cortical bone plate. This disparity may relate to the mean volume difference in facial bones
typically observed between sexes, with women exhibiting smaller average dimensions than

men [14-17].

A 3.4% increase in the risk of perforation or invasion of the 2-mm safety margin was
observed for each additional year of patient age. This phenomenon may be attributed to

the pneumatization of the sinuses. Notably, however, pneumatization of the maxillary
sinuses beginning in young adulthood is predominantly linked to the extraction of posterior

https://doi.org/10.5051/jpis.2303580179
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maxillary teeth [18,19]. A computed tomography study involving adolescents and adults
revealed no significant correlation between age and sinus pneumatization [20]. Nonetheless,
the aging process in the maxilla is associated with bone resorption [21,22]. This concept
could partially explain the observed decrease in the feasibility of IIP in this region, as the
volume of available maxillary bone tends to diminish with patient age.

11P in the premolar maxilla: a CBCT study

The study revealed an increase in perforation risk with a decreasing distance between the
tooth apex and the nasal cavity or maxillary sinus. This finding is reasonable, as a reduction
in the available bone apical to the tooth apex may limit the opportunity to maintain a 4-mm
minimum for implant anchorage.

Furthermore, for every 1° increase in the LCA, the probability of perforation decreased by 3.6%.
This may stem from the fact that a smaller LCA creates a deeper buccal concavity, resulting in

a smaller volume of bone in the buccal-palatal dimension at the angle’s tip. This diminishes

the likelihood of repositioning the implant without perforating the surrounding anatomical
structures. The mean LCA was approximately 156°, although a considerable range of 67° was
noted between the maximum and minimum values observed among study participants.

Most implants that were virtually planned for placement in the prosthetically-driven position
either perforated adjacent cortical bone (84.1%) or encroached upon the minimum safety
distance of 2 mm from adjacent structures (13.7%). Consequently, it was often necessary to
tilt the implant away from the tooth’s long axis. Thus, implants intended for fresh extraction
sockets of maxillary premolars will likely require the coronal portion to be tilted buccally

to ensure sufficient bone is available apical to the alveolar socket for anchorage. From a
prosthetic perspective, this indicates that most implant-supported single crowns in this
region would need to be cemented onto a custom-made prosthetic abutment, with an average
buccal-palatal angulation of 18°, mirroring the mean ILAA (18.3°+8.0°). Individualized
abutments with an angled screw channel could represent a prosthetic alternative for this
issue [23], allowing the implant to be restored with a screw-retained crown. However,
research has suggested that variations in the angulation of dental implants in the maxilla may
influence implant survival [24], a factor that should also be considered.

Primary stability is considered a key factor for the success of dental implant treatment [25],
and this is particularly relevant when an implant is placed immediately following tooth
extraction. Often, the alveolar socket is wider than the implant, meaning that the implant
may be primarily (or exclusively) anchorable apically within the socket, where some bone is
present. This could compromise the implant’s primary stability [26]. A minimum of 4 mm
of apical anchorage has been recommended to improve the likelihood of achieving primary
stability for planned IIP [12,13]. Consequently, a longer implant may be required for ITP
compared to placement in a healed or pristine bone site. In the present study, the minimum
implant length in the bone-driven position for maxillary premolar sockets ranged from

6.5 mm to 19.0 mm. The substantial range between the minimum and maximum values
indicates variation among patients, necessitating a highly individualized approach to implant
length determination. Although not statistically significant, 1PM demonstrated a slightly
greater length than 2PM. This likely relates to the proximity of 1PM to the wall between the
nasal cavity and the anterior maxillary sinus, which may offer marginally more available

bone [7,27]. In contrast, the bone volume around the 2PM root can be compromised by the
proximity of the maxillary sinus, and its extension toward the crown may reduce the available
bone height [18]. One factor that exacerbates bone deficiency in the region of the 2PM (and
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posterior areas) is the pneumatization of the maxillary sinus. While commonly recognized as
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a post-extraction occurrence, pneumatization begins at birth [28], with most of the maxillary
sinus volume growth completed by young adulthood [29]. Sinus pneumatization is known

to be triggered by tooth extraction [19], but other contributing factors include genetics,
variations in craniofacial structure, growth hormone activity, bone density, and air pressure
within the sinus cavity [30,31]. The anatomical complexities of this region may explain the
high rate of implant perforation, even in the bone-driven position—40.5%, compared to a
previously reported figure of 5.6% when IIP is planned in the anterior maxilla [8].

Regarding limitations, the validity of these results depends upon the accuracy of CBCT.
Furthermore, the measurements were based on the virtual placement of single implants.
Thus, the study did not consider the necessary spacing between implants when planning for
the simultaneous placement of adjacent implants in the same area.

Implant placement in the bone-driven position is associated with markedly lower risk of
cortical bone wall perforation compared to the prosthetically-driven position. Preoperative
assessment of the anatomical characteristics of the planned implant site is crucial to
individualize treatment plans and minimize potential surgical risk. Two-dimensional exams,
such as orthopantomograms, are generally more accessible, are less expensive, and emit
lower radiation doses. However, they offer limited radiological information about the risk of
damage to adjacent anatomical structures. In contrast, exams like CBCT provide an accurate
3-dimensional view of the surrounding anatomy [32,33], which is vital for planning IIP in
areas with a high risk of perforation, such as the maxillary premolar region.

In conclusion, the risk of perforating the cortical bone wall can be significantly reduced when
employing a bone-driven rather than a prosthetically-driven implant position. Nevertheless, the
likelihood of perforation occurring during IIP in the maxillary premolar region remains high.
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