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Abstract: Background and Objectives: Immediate implant placement (IIP) is a popular surgical proce-
dure with a 94.9–98.4% survival rate and 97.8–100% success rate. In the posterior mandible, it poses a
risk of injury to adjacent anatomical structures if the implant engages apical bone. This study sought
to assess the implant dimensions that allow for circumferential bone engagement at each position in
the posterior mandible without additional apical drilling. Materials and Methods: An observational,
cross-sectional study design was used. The pre-extraction cone beam computed tomography scans of
100 candidates for IIP were analyzed. Measurements of each root of the posterior mandibular second
premolar, first molar, and second molar were taken from three aspects: buccolingual, mesiodistal,
and vertical. Two-sided p values < 0.05 were considered statistically significant. Results: A total of
478 mandibular teeth and 781 roots were assessed. Based on Straumann® BLX/BLT implant-drilling
protocols, predicted rates of radiological circumferential engagement (RCE) were 96% for implants
5 mm in diameter in the second premolar root position; 94% for implants 4.0–4.2 mm in diameter in
the first molar root position; and 99% for implants 4.5–4.8 mm in diameter in the second molar root
position. Corresponding rates of achieving an available implant length (AIL) of 10 mm were 99%,
90%, and 86%. Patients <40 years old were at higher risk of lower RCE and lower AIL (p < 0.005)
than older patients for all roots measured. Conclusions: The high primary stability prediction rates
based on the calculation of RCE and AIL support the use of IIPs without further apical drilling in the
posterior mandible in most cases.

Keywords: immediate implant placement; posterior mandible; cone beam computed tomography;
circumferential engagement; implant length

1. Introduction

The insertion of dental implants on the same day of tooth extraction, termed immediate
implant placement (IIP), is a popular surgical procedure [1]. Survival rates range from 94.9%
to 98.4% [2–6], and success rates range from 97.8% to 100% [7,8]. IIP is in high demand
by both surgeons and patients for the non-esthetic zone because it reduces the number of
surgical interventions and allows for earlier initiation of prosthodontic therapy [8].

There are several acceptable approaches to achieve bone engagement and primary
stability in posterior mandibular IIP [2,9–12]. One of them is vertical native bone anchorage.
However, this requires the dental surgeon to perform additional apical drilling, as described
in recent studies [13–15]. Using this approach, researchers found that the risk of injuring
the inferior alveolar nerve (IAN) during implant insertion was 48% in second premolars,

Medicina 2021, 57, 874. https://doi.org/10.3390/medicina57090874 https://www.mdpi.com/journal/medicina

https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0000-0002-5357-3713
https://orcid.org/0000-0003-3733-084X
https://orcid.org/0000-0001-9176-4978
https://orcid.org/0000-0001-7853-2486
https://doi.org/10.3390/medicina57090874
https://doi.org/10.3390/medicina57090874
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/medicina57090874
https://www.mdpi.com/journal/medicina
https://www.mdpi.com/article/10.3390/medicina57090874?type=check_update&version=1


Medicina 2021, 57, 874 2 of 12

32% in first molars, and 64% in second molars [13]. Froum et al. [14] reported even higher
rates of 73% in second molars, 65% in second premolars, and 53% for first molars. This was
true even when implants were stabilized with the apical and/or lateral bone [14] according
to the general consensus requirement of 6 mm of native bone apical to the socket: 4 mm for
apical anchorage [12,16–19] and a 2 mm safety zone [13,20].

Lin et al. [15] showed that the risk of IAN injury was 3.8-fold higher in the mandibular
second molar than the mandibular second premolar. The reported risk of lingual plate
perforation was also very high: 70% in first molars and 76% in second molars [13]. One
study reported lingual plate perforation with severe hemorrhage in the floor of the mouth
in 21/25 patients (84%) undergoing IIP, leading to emergency intubation in 17 [21]. All
these studies concluded that in the posterior mandible, IIP based on native apical bone
anchorage is dangerous and may impair adjacent anatomical structures with additional
complications [13–15].

To overcome this obstacle, several groups described alternative methods based on sta-
bilization of the implant with the circumferential socket walls [12,22]. In these approaches,
the morphology of the molar extraction socket has a crucial impact on IIP circumferential
engagement and stability, and elements influencing the morphology need to be taken into
account, including tooth width at the cement–enamel junction in the buccolingual and
mesiodistal aspects, root length, trunk length, and degree of divergence of the roots [12].
Smith and Tarnow [12] classified the molar extraction sockets from types A to C by amount
of septal bone available for stabilization of the IIP. Another potential way to achieve pri-
mary stability is to engage the available bone with implants that are wider and shorter
than the extracted root [23,24]. The aim of the present study was to verify, based on cone
beam computed tomography (CBCT) scans, the implant dimensions that allow for cir-
cumferential bone engagement without additional apical drilling in each position in the
posterior mandible. Factors that may contribute to circumferential bone engagement were
further assessed.

2. Materials and Methods
2.1. Setting and Design

The study was conducted in the department of oral and maxillofacial surgery of a
tertiary medical center from July 2018 to January 2019. The study sample consisted of
CBCT scans of adult patients (age > 18 years) with no history of chemotherapy or radiation
to the jaws who were referred for posterior mandible dental implant placement. Only
scans including at least two of the following posterior mandibular teeth were eligible for
the study: mandibular second premolar, first molar, and second molar [13,14]. Of the
250 scans that met these criteria, 2 groups of 100 scans each were generated by “block”
randomization method. One group consisting of 100 scans was chosen for review in
the study, as in two similar studies [13,14]. Sample size and statistical power were not
calculated since the current study was based on CBCT scans and in a corelated way to
two similar studies [13,14]. The study was approved by the Helsinki Committee of Rabin
Medical Center (approval number 0396-16-RMC; 19 August 2020).

2.2. Procedure

On each CBCT scan, an oral and maxillofacial resident and a dentist (Y.H, E.Y) inde-
pendently measured each root of the mandibular second premolar, first molar, and second
molar from 3 aspects: buccolingual, mesiodistal, and vertical. Thereafter, an oral and
maxillofacial surgeon (B.H.Y.) re-examined 18 of the scans selected at random [14].

2.3. Measurements

All measurements were evaluated separately using On Demand 3D software, version 1
(Cybermed Inc., Tustin, CA, USA). Buccolingual measurements were made on a para-axial
cross-section slice representing the center of the tooth from 2 different points referred to
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the tooth’s long axis: 5 mm coronal to the apices (A point) and at the alveolar crest level (X
point) (Figure 1).
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Figure 1. Buccolingual (BL) aspect measurements of right first molar, assessed in 2 different points,
referred to tooth long axis: (1) A—5 mm coronal to the apices (4.99 mm from the apex; green line, the
BL width is 6.3 mm; yellow line), (2) X- alveolar crest level (BL width is 9.02 mm; green line). CBCT
para-axial cross section. B-buccal; L-lingual.

Mesiodistal measurements were made on a para-sagittal cross-section slice represent-
ing the center of the tooth from 3 different points referred to the long axis: 5 mm coronal to
the apices (A point), at the furcation level (F point), and at the alveolar crest level (X point)
(Figure 2).

Vertical measurements were made on a para-axial cross-section slice representing the
center of the tooth by tracing a vertical line from the most inferior point of the apices to the
alveolar crest level (Figure 3).

The data were recorded for each tooth and each root. Thereafter, virtual implant
placement was used to verify the results and validate the measurements (Figures 4 and 5).

In addition, dental implants of different diameters and lengths were virtually po-
sitioned in each root using On Demand 3D software. The predicted prevalence rate of
radiological circumferential engagement (RCE) in the mesiodistal aspect was calculated
on the basis of the Straumann® bone level (BLX) and bone level tapered (BLT) implant-
drilling protocols. The final drill diameter for each implant was measured, and RCE values
were determined accordingly, as detailed in Table 1. Rates at which there was sufficient
available implant length (AIL) without passing the apex were evaluated for implants
6 mm, 8 mm, and 10 mm long, as detailed in Table 2, according to the same Straumann®

drilling protocols
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Figure 2. Mesiodistal (MD) aspect measurements of left first molar, assessed in 3 different points,
referred to tooth long axis: (1) A—5 mm coronal to the apices (mesial root: 5.02 mm from the apex;
green line, the MD width is 2.87 mm; yellow line); (distal root: 4.98 mm from the apex; green line,
the MD width is 2.68 mm; yellow line), (2) F—at furcation level (MD width is 4 mm for mesial
root and 5 mm for distal root), (3) X—alveolar crest level (MD width is 9.81mm). CBCT para-axial
sagittal section.
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Figure 3. Vertical aspect of left second premolar, measured from apex to alveolar crest level; 11.43 mm
in black. Mesiodistal (MD) aspect measurements, assessed in 2 points, referred to the long axis:
(1) A—5 mm coronal to the apices (5.08 mm from the apex; yellow line, MD width is 3.45 mm; green
line), (2) X—alveolar crest level (MD width is 4.87 mm; yellow line). CBCT para-axial sagittal section.
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mandibular sites: second premolar, distal root of first molar, distal root of second molar. CBCT panoramic reconstruction.
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Figure 5. Virtual implant placement of 3 dental implants at right posterior mandibular sites: second
premolar (3.75 mm diameter and 10mm length), distal root of first molar, and distal root of second
molar (4.2 mm diameter and 10mm length each). CBCT para-axial sagittal section.
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Table 1. Mesiodistal distance values and predicted prevalence of radiological circumferential bone engagement by
implant diameter.

Tooth
Type/Root

Mesiodistal Distance (mm), Mean (SD) Predicted Prevalence of Radiological Circumferential Engagement by
Implant Diameter

No. Teeth
(Roots) A Point F Point

X Point
(for Tooth)

Implant Diameter

3.3 mm 3.754.1
mm 4–4.2 mm 4.5–4.8

mm 5 mm 5.5 mm

Second
molar 156(312) 3.11(0.5) 4.32(0.6) 9.19(0.58) 59% 77% 88% 99% 100% 100%

37D 79 3.3(0.49) 4.67(0.48) 9.25(0.57) 42% 64% 82% 96% 99% 99%
37M 79 2.91(0.44) 4.1(0.47) 9.25(0.57) 82% 90% 93% 99% 100% 100%
47D 77 3.34(0.45) 4.66(0.5) 9.12(0.6) 37% 64% 78% 100% 100% 100%
47M 77 2.87(0.41) 3.86(0.49) 9.12(0.6) 77% 91% 99% 100% 100% 100%

First molar 147(294) 2.98(0.5) 4.41(0.56) 9.14(0.71) 70% 87% 94% 97% 99% 100%
36D 74 3.03(0.41) 4.59(0.46) 9.14(0.78) 67% 88% 97% 99% 100% 100%
36M 74 2.74(0.41) 4.25(0.46) 9.14(0.78) 88% 95% 99% 99% 100% 100%
46D 73 3.23(0.53) 4.76(0.6) 9.14(0.63) 46% 78% 88% 94% 97% 100%
46M 73 2.9(0.51) 4.06(0.43) 9.14(0.63) 78% 88% 94% 97% 99% 100%

Second
premolar 175(175) 3.64(0.51) 5.41(0.68) 19% 39% 58% 88% 96% 99%

35 83 3.61(0.55) 5.46(0.77) 21% 43% 64% 88% 95% 99%
45 92 3.66(0.48) 5.37(0.59) 18% 35% 54% 88% 97% 100%

Table 2. Vertical distance values by tooth type and prevalence of. predicted implant length available
without passing the apical bone.

Tooth
Type/Root

Vertical Distance (mm), Mean
(SD)

Prevalence of Predicted Available
Implant Length

No. Teeth
(Roots) X Point (for Tooth)

Implant Length
10 mm 8 mm 6 mm

Second molar 156 (312) 11.83 (1.73) 86% 97% 100%
37D 79 11.46 (1.74) 84% 95% 99%
37M 79 12.29 (1.72) 91% 97% 100%
47D 77 11.5 4 (1.72) 82% 97% 100%
47M 77 12.03 (1.78) 87% 100% 100%

First molar 147(294) 12.61 (1.86) 90% 98% 100%
36D 74 12.1 (1.96) 86% 96% 100%
36M 74 13.07 (1.83) 95% 97% 100%
46D 73 12.21 (1.86) 88% 99% 100%
46M 73 13.07 (1.8) 92% 100% 100%

Second
premolar 175 (175) 13.8 7(1.87) 99% 100% 100%

35 83 13.99 (1.78) 99% 100% 100%
45 92 13.76 (1.94) 98% 99% 100%

The mean mesiodistal distance at F point for each root type ranged from 3.86 mm for
the mesial roots of the right second molar to 4.76 mm for the distal roots of the right first
molar. The mean (SD) distance values at F point for each tooth type were 4.41 mm (0.56)
for first molars and 4.32 mm (0.6) for second molars (Table 1). Points: A—5mm coronal to
the apices; F- furcation level; X-alveolar crest level.

The mean AIL prevalence rates for a 10 mm-long implant were 99%, 90%, and 86%
in the second premolar, first molar, and second molar root positions, respectively. Corre-
sponding values for an 8 mm long implant were 100%, 98%, and 97%. For implants 6mm
long, the mean rate was 100% for all tooth types (Table 2). X point—alveolar crest level.

2.4. Patient Characteristics

The effect of the measured factors on outcome was assessed according to patient
demographic data derived from the medical files.
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2.5. Statistical Analysis

Statistical analysis was generated using SAS software, version 9.4. Continuous vari-
ables are presented by mean and standard deviation (SD), and categorical variables, by
number and percent. Student t-test and Wilcoxon signed-rank test were used to compare
continuous variables between groups; for categorical variables, we used Fisher’s exact test
(for 2 values) or chi-squared test (for more than 2 values). Two-sided p values < 0.05 were
considered statistically significant.

3. Results
3.1. Patients

The study included 100 CBCT scans of 100 patients, 51 female and 49 males, of mean
(SD) age 39.7 (15.1) years. The youngest patient was 18 years old, and the oldest was
88 years old; 63 patients were less than 40 years old and 37 were older. A total of 478
mandibular teeth (781 roots) were assessed: 175 (36.6%) second premolars (175 roots),
147 (30.7%) first molars (294 roots), and 156 (32.7%) second molars (312 roots). Inter-rater
reliability (kappa coefficient) was 0.84. The distribution of the teeth/roots by side, patient
age, and patient sex is shown in Table 3.

Table 3. Distribution of teeth/roots by side, patient age, and patient sex.

Tooth
Type/Root All

Side Sex Age (year)

Right Left Female Male ≤40 y 40+ y

Total teeth 478 242 236 245 233 326 152
Total roots 781 394 387 402 379 534 247

Number of roots by tooth type
2nd premolars 175 92 83 88 87 118 57

1st molars 294 148 146 150 144 198 96
2nd molars 312 154 158 164 148 218 94

3.2. Distance Measurements
3.2.1. Mesiodistal Aspect

The mean mesiodistal distance at a point for each root type ranged from 2.74 mm
for the mesial roots of the left first molar to 3.66 mm for the mesial roots of the second
premolar. The mean (SD) distance values at a point for each tooth type were 3.64 mm (0.51)
for second premolars, 2.98 mm (0.5) for first molars, and 3.11 mm (0.5) for second molars
(Table 1).

The mean mesiodistal distance at X point for each tooth type ranged from 5.37 mm for
the right second premolar to 9.25 mm for both roots of the left second molar. The mean (SD)
distance values at X point for each tooth type were 5.41 mm (0.68) for second premolars,
9.14 mm (0.71) for first molars, and 9.19 mm (0.58) for second molars (Table 1).

The mean potential RCE was 96% in the second premolar root position using an
implant 5mm in diameter; 94% in the first molar root position using an implant 4–4.2 mm
in diameter; and 99% in the second molar root position using an implant 4.5–4.8 mm
in diameter. With an implant of 5mm diameter, the dental surgeon could predicatively
achieve RCE rates of 96%, 99%, and 100% in the second premolar, first molar, and second
molar root positions, respectively (Table 1). In Figures 6 and 7, IIP of a 4.2 mm wide and
10 mm long dental implant at the left mesial root of the first mandibular molar is shown.
Following implant placement, a 3 mm high healing abutment was positioned and soft
tissue sutured with silk 3-0.
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Figure 7. Placement of a 3 mm high healing abutment above a dental implant 4.2 mm wide and
10 mm long positioned at the mesial root of left mandibular first molar. Soft tissue suturing with
silk 3–0.
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3.2.2. Vertical Aspect

The mean vertical distances for each tooth type ranged from 11.46 mm for the left
second molar to 13.99 mm for the left second premolar. The mean (SD) vertical distance
values were 13.87 mm (1.87) for second premolars, 12.61 mm (1.86) for first molars, and
11.83 mm (1.73) for second molars (Table 2).

3.2.3. Buccolingual Aspect

The mean buccolingual distance at a point for each root type ranged from 4.3 mm for
the left second premolar roots to 6.4 mm for the mesial roots of the right first molar. The
mean distance at X point for each root type ranged from 7.0 mm for the left second premolar
roots to 9.0 mm for the mesial roots of the left second molar. The mean buccolingual distance
values at A and X points for each root type were too wide to support a dental implant of
proper diameter.

3.3. Modifiers

The potential effect of patient demographic factors on the ability to achieve circumfer-
ential bone engagement without passing the apex in IIP was examined.

3.3.1. Sex

The CBCT scans of the 51 female patients included measurements of 402 roots
(245 mandibular teeth): 88 (21.9%) second premolar roots, 150 (37.3%) first molar roots,
and 164 (40.8%) second molar roots. The distribution of the teeth/roots by patient sex is
shown in Table 3. There were no statistically significant differences in mean measurements
in the mesiodistal or vertical aspects between the groups.

3.3.2. Age

The study group included 63 patients aged 40 years or less and 37 patients older
than 40 years. The CBTC of the younger group included 534 roots of 326 mandibular
teeth: 118 (22.1%) second premolar roots, 198 (37.1%) first molar roots, and 218 (40.8%)
second molar roots. The distribution of the teeth/roots by patient age variables is shown
in Table 3. Patients aged younger than 40 years had a higher mean mesiodistal distance
(3 mm vs. 3.4 mm) and, consequently, lower RCE, but the between-group difference was
not statistically significant. The younger group had a significantly higher mean vertical
measurement (5.7 mm vs. 6.8 mm, p < 0.001) and, consequently, a lower AIL (p < 0.005,
t-test and Wilcoxon test). The chance of achieving bone contact without passing the apex
was significantly lower in the younger group.

4. Discussion

IIP in the posterior mandible, where esthetics is not a major concern, has proven to be
a predictable surgical procedure [25], with excellent survival rates of above 94.9% [2–6].
Nevertheless, due to the inferior alveolar canal position and submandibular fossa concavity,
bone availability may be limited in the vertical aspect. This can potentially lead to such
complications as partial or permanent paresthesia, hematoma, excessive bleeding, and
infection [26–30].

Trying to overcome this hindrance, Shah et al. [22] assessed the amount of septal bone
available for stabilization of the IIP in posterior mandible. The authors performed 3D
alveolar bone assessment of mandibular first molars and found that in 76% of the exam-
ined sites, septal bone width was inadequate (mean interradicular bone width, 3.04 mm),
compromising the chances for primary stability [22]. Therefore, they proposed that two
narrow implants be used to replace one mandibular first molar, assuming that this would
avoid an irregularly shaped crown with a cantilevered portion resulting from placing one
implant. Thus, for a mesiodistal distance of 12 mm, there would be 1.5 mm wide space
between each implant and tooth and a 3 mm wide space between implants, leaving 3.5 mm
for each dental implant. These findings suggested that by using two narrow implants,
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dental practitioners can provide better prosthetic stability and prevent rotational forces on
the prosthetic components [22].

However, in the present study, we found that mean RCE values in the root socket were
low when a narrow implant (3.3 mm diameter) was placed (59% in the second molar, 70%
in the first molar, and 19% in the second premolar) and that increasing the dental implant
diameter would make it possible for the dental surgeon to achieve better predictable RCE
rates. Corresponding RCE values would be 88%, 94%, and 58% using a 4–4.2 mm implant
and 99%, 97%, and 88% using a 4.5–4.8 mm implant.

Regarding the implant length suitable for a single standing implant IIP, 10 mm
was found to be the minimum for sufficient bone anchorage that could handle poste-
rior mandible occlusal forces [31]. However, a recent study reported that in 24% of the
examined sites, the IAN-to-furcation length was less than 10 mm, warranting vertical bone
augmentation or the use of short implants of 8 mm or 6 mm [24]. Short implants should be
used adjacent to other implants to allow for splinting and to achieve more durability [23].
We found that the mean AIL for a 10 mm long implant was high and predictable: 99% in
the second premolar root position, 90% in the first molar root position, and 86% in second
molar root position. For 8 mm and 6 mm implant lengths, the values were even higher for
all tooth types (Table 2). Thus, the oral surgeon should opt for a length of 10 mm when
placing a single implant and a length of 6 mm or 8 mm when placing multiple adjacent
implants, following clinical assessment and CBCT evaluation.

We found a significant difference in mean vertical measurements in all roots between
patients aged more or less than 40 years (5.7 mm vs. 6.8 mm, p < 0.001). Thus, the chances of
achieving bone contact without passing the apex may be lower in younger patients. Given
the findings of the present study, we speculate that the vertical distance of the posterior
mandible roots decreases with patient age. There may be several reasons for this change,
such as periodontal disease leading to alveolar bone loss, occlusal wear, and compensatory
eruption over time [32].

The strengths of this study were the virtual placement of dental implants and various
detailed measurement points. All measurements were performed twice, and 18% were
performed three times, to ensure reliable and repeatable outcomes. The major limitations
of the study were our basing the evaluation on pre-extraction CBCTs, without considera-
tion of the trauma sustained by the alveolar bone following extraction. We also did not
take into account the specific periodontal status of the patients, the bone quality of the
specific assessed site, and other factors affecting osteointegration such as osteoporosis and
immunocompromised status. Future studies are needed to explore these factors and their
potential impact on achieving a stable IIP. The findings will make it possible to validate the
accuracy of the results presented in this study and to evaluate their clinical contribution.

5. Conclusions

In the majority of cases, circumferential engagement in the posterior mandible can
be achieved during IIP without further apical drilling by using the proper dental implant
diameter. The ability to predict primary implant stability can help dental surgeons avoid
potential complications associated with apical drilling.
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