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Restoration-oriented anatomical analysis 
of alveolar bone at mandibular first molars 
and implications for immediate implant 
placement surgery: a CBCT study
Quan Shi†, Yang Huang†, Na Huo, Yi Jiang, Tong Zhang, Juncheng Wang*
Department of Stomatology, The First Medical Center, Chinese PLA General Hospital, Beijing, China

PURPOSE. This cone-beam computed tomography (CBCT) study aimed to 
analyze the anatomical characteristics of alveolar bone at mandibular first 
molar (MFM) and their implications for immediate implant placement surgery. 
MATERIALS AND METHODS. 100 patients with 140 MFMs were reviewed 
retrospectively. We first performed a 3D reconstruction of the patient’s CBCT data 
to determine a reference plane with ideal implant placement and orientation. The 
following parameters of MFM region were analyzed: mesial-distal socket size (MD-
SS), buccal-lingual socket size (BL-SS), root furcation fornix to inferior alveolar 
nerve (IAN) distance (RF-I), interradicular bone thickness (IRB), mesial/distal root 
apex to the IAN distance (MRA-I/DRA-I), thickness of the buccal/lingual bone of 
the mesial root (MR-B/MR-L), thickness of the buccal/lingual bone of the distal 
root (DR-B/DR-L). RESULTS. The MD-SS of MFM was 8.74 ± 0.76 mm, and the BL-
SS was 8.26 ± 0.72 mm. The MR-B, DR-B was 1.01 ± 0.40 mm and 1.14 ± 0.50 
mm, and the difference was statistically significant (P = .001). The values of the 
MR-L, DR-L were 2.71 ± 0.78 mm and 3.09 ± 0.73 mm, and the difference was 
also statistically significant (P < .001). The mean distance of RF-I was 15.68 ± 2.13 
mm, and the MRA-I was 7.06 ± 2.22 mm, which was greater than that of DRA-I 
(6.48 ± 2.30 mm, P < .001). The IRB at 2 mm, 4 mm apical from the furcation 
fornix, and at apex level was 2.81 ± 0.50 mm, 3.30 ± 0.62 mm, and 4.44 ± 
1.02 mm, respectively. CONCLUSION. There is relatively sufficient bone mass 
in interradicular bone in height, but an adequate width is lacking for the bone 
between the mesial and distal root after the extraction of the MFM for immediate 
implantation. The thickness of the MFM buccal bone is relative thin, especially for 
the mesial root. [J Adv Prosthodont 2024;16:212-20]
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INTRODUCTION

Due to the high long-term success and survival rates, 
dental implant-supported dentures are becoming a 
preferred choice for increasing numbers of patients 
with missing teeth.1 Currently, according to the tim-
ing of implant placement, implantation surgery is 
divided into immediate, early and delayed implanta-
tion.2 Compared with early and delayed implantation, 
immediate dental implant placement is generally 
characterized by the implantation of dental implants 
in the fresh extraction socket at the time of tooth ex-
traction, which greatly shortens the time of missing 
teeth for patients.3 However, due to the limitations of 
anatomical conditions, wound closure and other fac-
tors, immediate implant placement is mostly used in 
anterior teeth or single-rooted premolars in the clinic, 
while multirooted molars are relatively rarely used.

The mandibular first molar is the first permanent 
tooth to erupt and has the most powerful masticatory 
function. The loss of the first molar caused by various 
factors, such as caries, will greatly affect the masti-
catory function of patients.4,5 In general, after the ex-
traction of the molars, it is necessary to wait 3 months 
for the healing of the socket, and then perform de-
layed implant surgery. However, for mandibular first 
molars with vertical fracture or a residual root and re-
sidual crown without acute or chronic inflammation, 
immediate implantation may be a good choice.

Considering that the mandibular first molar plays 
a major role in maintaining normal masticatory func-
tion and dentofacial harmony,6 it is of great signif-
icance to repair it as soon as possible. However, as 
described above, the performance of immediate den-
tal implant placement is associated with certain risks 
and technical sensitivity for mandibular molars be-
cause of the multi-roots and the existence of the infe-
rior alveolar nerve.7,8 Only by fully understanding the 
relevant anatomical characteristics and parameters of 
mandibular first molars can we achieve good results 
in the immediate implant surgery of molars, which is 
also beneficial for improving safety and reducing the 
incidence of complications.

Although there have been studies focusing on the 
alveolar bone anatomy of the mandibular first mo-
lar related to immediate dental implant placement, 

these studies have limitations. Some studies focus on 
relevant parameters which are not comprehensive. 
For example, some studies only focus on the alveolar 
bone mass and do not pay attention to the relation-
ship between the position of the extraction sockets 
and inferior alveolar nerve (IAN).9 Limited studies per-
formed the analysis of alveolar bone around man-
dibular first molar with ideal implant placement and 
orientation,7,8,10 and it is certain that these data ob-
tained may weaken the guiding significance for the 
clinic. In addition, no research has paid attention to 
the difference between the thickness of the buccal 
and lingual bone of mesial and distal root after the ex-
traction of the mandibular first molar. On the whole, 
to ensure the success and safety of immediate dental 
implant placement in mandibular first molar, the al-
veolar bone mass around the mandibular first molar, 
the distance between the key anatomical point and 
IAN, the size of the alveolar socket and thickness of 
the buccal/lingual bone of the mesial/distal root after 
tooth extraction are both extremely important.

Therefore, in this retrospective cone-beam com-
puted tomography (CBCT) study, we carried out a 
comprehensive analysis of the above problems and 
parameters of mandibular first molars. To provide 
more clinically realistic data, we first determined an 
ideal restoration-oriented implant direction on CBCT 
and then evaluated the anatomical parameters of the 
mandibular molar region to facilitate safe and effec-
tive immediate implant placement surgery. Our study 
aimed to provide database guidance to dentists.

MATERIALS AND METHODS

The study protocol was approved by the Ethics Com-
mittee of the Chinese PLA General Hospital (Approval 
Number: S2022-347-01). From January 2021 to De-
cember 2023, 100 patients with 140 mandibular first 
molars were included in the current study. All of the 
included patients were scheduled to undergo implant 
restoration in the Oral Implant Department of Chinese 
PLA General Hospital. The imaging data of mandibu-
lar first molars were extracted from the preoperative 
CBCT of the patients.

The inclusion criteria are as follows:
Patients between the ages of 20 and 60 years;
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At least one mandibular first molar with a root di-
vided into mesial root and distal root;
No severe malocclusion, severe periapical inflam-
mation, or obvious root resorption; no severe alve-
olar bone resorption (the level of the alveolar bone 
must be above the root furcation fornix);
No obvious elongation or inclination of the mandib-
ular first molar.

The exclusion criteria are as follows:
Patients who had undergone or were currently un-
dergoing orthodontic treatment;
The anatomical structure was not clearly observed, 
or IAN canal could not be clearly identified by CBCT 
images;
Age less than 20 years or greater than 60 years;
Presence of tumors or large-scale cysts in the target 
area.
Serious periodontal disease or other reasons lead-
ing to alveolar bone resorption blew the root furca-
tion fornix.

CBCT images of all subjects were acquired with a 
Newtom 5G scanner (QR SRL, Verona, Italy) using an 
enhanced scanning protocol and the following pa-
rameters: 110 kVp, mA automatically determined by 
the initial scout exposure, field of view 12 cm × 8 
cm, and exposure time 4.8 s. The images were recon-
structed with a voxel size of 0.3 mm. Image analysis 
software (NNT Viewer, Version 5.3; NewTom, Verona, 
Italy) was used to measure related metrics.

Before parameter measurement, 3D reconstruction 
of the patient’s CBCT data was performed to deter-
mine the reference planes in the ideal implant posi-
tion and orientation. As shown in Figure 1, the green 
line represents the coronal plane, and the green line 
passes through the center of the crown of the man-
dibular first molar in the bucco-lingual upward di-
rection, which is also parallel to the long axis of the 
mandibular first molar in the mesial-distal direc-
tion; the blue line represents the sagittal plane, and 
the reference line is perpendicular to the green line, 
which is also parallel to the long axis of the mandibu-
lar first molar in the bucco-lingual direction; and red 
represents the horizontal plane, which is parallel to 
the patient’s occlusal plane and perpendicular to the 

green and blue lines.
The following measurement parameters closely re-

lated to the immediate implantation of mandibular 
first molars were analyzed (Fig. 1):

The mesial-distal socket size (MD-SS): the mesi-
al-distal extraction socket size at the alveolar bone 
crest level.

Buccal-lingual socket size (BL-SS): the buccal-lin-
gual extraction socket size at the alveolar bone crest 
level. The longest distance between the buccal and 
lingual alveolar crest of the mandibular first molar in 
the coronal plane was measured.

Root furcation fornix to inferior alveolar nerve dis-
tance (RF-I): the shortest bone height from the root 
furcation fornix to the IAN in the vertical direction. A 
line segment parallel to the vertical reference line was 
drawn from the highest point of alveolar bone at the 
root furcation fornix to the mandibular canal.

Interradicular bone thickness (IRB): the thickness of 
the alveolar bone at different positions of the interra-
dicular bone. Specifically, based on the RF-I line seg-
ment, the interradicular alveolar bone thicknesses at 
2 mm (IRB2), 4 mm (IRB4) apical from the furcation 
fornix, and at the apex (IRBA) level were measured. 
Measurements of the thickness need to be taken per-
pendicular to the RF-I.

Mesial/distal root apex to the IAN distance (MRA-I/
DRA-I): the shortest bone height from the mesial/dis-
tal root apex to the IAN canal in the vertical direction. 
A line segment parallel to the vertical reference line 
was drawn from the apex of the mesial root to the 
mandibular canal.

Thickness of the buccal/lingual bone of the mesial 
root (MR-B, MR-L): The thickness of the buccal/lingual 
bone of the mesial root was measured at 2 mm api-
cal from the mesial root’s buccal and lingual alveolar 
crest, respectively. Measurements of the thickness 
need to be taken perpendicular to the blue line, as 
shown in Figure 1 E and F.

Thickness of the buccal/lingual bone of the distal 
root (DR-B, DR-L): The thickness of the buccal and lin-
gual bone of the distal root was measured at 2 mm 
apical from the distal root’s buccal and lingual alve-
olar crest, respectively. The measurement method is 
the same as that used for MR-B and MR-L.

SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) 
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was used for the statistical analysis. The mean and 
standard deviation (SD) were calculated for all of the 
measurements. Student’s t test was used for statisti-
cal analyses for the comparison between the left and 
right molar or the male and female. The paired t test 
was used for the comparison between mesial and dis-
tal roots, including the MRA-I vs DRA-I, MR-B vs DR-B, 
etc. If the data did not meet the conditions of the Stu-

dent’s t-test, the Mann-Whitney U-test was be used. P 
< .05 was considered statistically significant.

RESULTS

A total of 100 patients were included in this study, in-
cluding 54 males and 46 females, all of whom were 
of Han nationality; the mean age was 40.15 ± 10.38 

Fig. 1. Reference plane determination and measurement parameters. (A) Horizontal-sectional slice, (B) Sagittal-sectional 
slice, (C) Coronal-sectional slice, (D) Measurement parameters in the sagittal section, (E) Measurement parameters in the 
coronal section of the mesial root, (F) Measurement parameters of the coronal section of the distal root. The green line 
represents the coronal plane; the blue line represents the sagittal plane; and red represents the horizontal plane, which 
is parallel to the patient’s occlusal plane. The purple line represents the border of the inferior alveolar nerve. The yellow 
dotted line indicates the measured parameters. MD-SS: mesial-distal socket size; BL-SS: buccal-lingual socket size; RF-I: 
root furcation fornix to inferior alveolar nerve distance; IRB2/IRB4: the interradicular alveolar bone thickness at 2/4 mm 
apical from the furcation fornix; IRBA: the interradicular alveolar bone thickness between the mesial and distal root apex; 
MRA-I/DRA-I: mesial/distal root apex to the inferior alveolar nerve distance; MR-B/MR-L: thickness of the buccal/lingual 
bone of the mesial root at 2 mm apical from the alveolar crest; DR-B/DR-L: thickness of the buccal/lingual bone of the 
distal root at 2 mm apical from the alveolar crest.

A B C

FED
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years. A total of 140 mandibular first molars were an-
alyzed, including 75 left mandibular first molars and 
65 right mandibular first molars.

The measurement of the MD-SS and BL-SS showed 
that the average values at the crest level were 8.74 ± 
0.76 mm and 8.26 ± 0.72 mm, respectively (Table 1). 
The difference between MD-SS values for the left and 
right mandibular first molars was not statistically sig-
nificant (P  = .81). The difference between BL-SS val-
ues for the left and right mandibular first molars was 
of no statistically significance (P = .27).

The average values of MR-B, DR-B, MR-L and DR-L 
of the extraction socket were shown in Table 2. The 

thickness of the buccal/lingual bone of the distal root 
at 2 mm apical from the alveolar crest was thicker 
than that of the mesial root, corresponding to a statis-
tically significant difference (P = .001 for MR-B vs DR-
B, P < .001 for the MR-L vs DR-L).

As shown in Table 3, in the ideal three-dimension-
al orientation of implant placement, the mean RF-I 
distance was 15.68 ± 2.13 mm. The frequency dis-
tribution of RF-I measurements is shown in the Ta-
ble 4, with 83.57% of teeth having RF-I values be-
tween 12.1 mm and 18.0 mm. In a total of 97.86% of 
the mandibular first molars, this distance was great-
er than 12.0 mm. The mean MRA-I of the mandibular 
first molar was 7.06 ± 2.22 mm, the MRA-I value of 
teeth accounts for the largest proportion in 6.1 ‒ 8.0 
mm, which is 36.43% (Table 5); while the largest pro-
portion of DRA-I values was between 6.1 ‒ 8.0 mm, 
as high as 32.14% (Table 5). The distal root apex was 
closer to the IAN compared to the mesial root, the dif-
ference was statistically significant (P < .001).

Table 4. Frequency distribution of the RF-I
Range N Ratio (%)
≤ 10.0 1 0.71

10.1 ‒ 12.0 2 1.43
12.1 ‒ 14.0 34 24.29
14.1 ‒ 16.0 45 32.14
16.1 ‒ 18.0 38 27.14
18.1 ‒ 20.0 15 10.71

> 20.0 5 3.57
Total 140 100

Table 3. Distance to the IAN and available bone thickness 
measurements
Parameter Mean ± SD Minimum value Maximum value

RF-I 15.68 ± 2.13 9.8 21.7
MRA-I 7.06 ± 2.22 2.2 14.3
DRA-I 6.48 ± 2.30 1.4 12.9
IRB2 2.81 ± 0.50 1.6 4.0
IRB4 3.30 ± 0.62 2.1 5.1
IRBA 4.44 ± 1.02 1.9 7.5

RF-I: root furcation fornix to inferior alveolar nerve distance; MRA-I/DRA-I: 
mesial/distal root apex to the inferior alveolar nerve distance; IRB2/IRB4: 
the interradicular alveolar bone thickness at 2 mm, 4 mm apical from the 
furcation fornix; IRBA: the interradicular alveolar bone thickness between 
the mesial and distal root apex.

Table 2. Thickness of the buccal/lingual bone of the roots 
at 2 mm apical from the alveolar crest

Root TB TL
MR 1.01 ± 0.40 2.71 ± 0.78
DR 1.14 ± 0.50* 3.09 ± 0.73#

MR: mesial root; DR: distal root; TB: thickness of the buccal bone; TL: 
thickness of the lingual bone. *: P < .05 compared with the MR-B;#: P < .05 
compared with the MR-L.

Table 1. The extraction socket size of the mandibular first 
molar

Teeth N MD-SS BL-SS
Total 140 8.74 ± 0.76 8.26 ± 0.72

Left mandibular 
first molar 75 8.73 ± 0.75 8.19 ± 0.70

Right mandibular 
first molar 65 8.74 ± 0.78 8.34 ± 0.73

N: number of the teeth; MD-SS: mesial-distal socket size; BL-SS: buccal-lin-
gual socket size.

Table 5. Frequency distribution of the root apex to the 
IAN measurements

Range
MRA-I DRA-I

N Ratio (%) N Ratio (%)
≤ 2.0 0 0.00 2 1.43

2.1 ‒ 4.0 12 8.57 21 15.00
4.1 ‒ 6.0 31 22.14 37 26.43
6.1 ‒ 8.0 51 36.43 45 32.14
8.1 ‒ 10.0 33 23.57 25 17.86
> 10.0 13 9.29 10 7.14
Total 140 100 140 100

MRA-I/DRA-I: mesial/distal root apex to the inferior alveolar nerve distance
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The average values of IRB2, IRB4 and IRBA for the 
width of interradicular bone were shown in Table 3. 
The frequency distribution of IRB2, IRB4 and IRBA was 
shown in the Table 6. For the IRB2 and IRB4, 95.71% 
and 86.43% of teeth had values between 2 ‒ 4 mm, re-
spectively; while the IRA value of mandibular first mo-
lars was mainly concentrated in 3 ‒ 6 mm, accounting 
for 87.86%. In this study, not all of the bone widths 
between the root apexes were greater than IRB4; spe-
cifically, there were 5 teeth with an IRB4 width equal 
to that of IRBA, while there were 13 teeth with an IRBA 
width less than those of IRB4.

A total of 72 male mandibular first molars and 68 
female mandibular first molars were included in this 
study, the relevant statistical results are in Table 7. 
The measurement of the MD-SS and BL-SS showed 
that the average values of the male is larger than the 
female, which is of statistical significance (P  = .000 
and 0.003, respectively). For the mesial root, the aver-
age value of MR-B of the extraction socket in the male 
is thicker than the female (P = .008), while the average 
value of MR-L for the male is thinner than the female 
(P = .006). However, for the distal root, there is no sta-
tistical difference in the thickness of the buccal and 
lingual bone plate. For the parameters about distance 
to the IAN measurements, all of the results showed 
that the RF-I, MRA-I and DRA-I for the male was great-
er than the female, and the difference was statistically 
significant. Besides, The IRB2, IRB4 and IRBA for the 
width of interradicular bone between the male and 
female are all of no statistical significance.

DISCUSSION

With the development and maturity of technology 
and materials, immediate implant placement sur-
gery has achieved similar high implant survival rates 
to those of delayed implant placement.11,12 For im-
mediate implantation, several factors are of key im-
portance and differ from those related to delayed im-
plant placement.13,14 First, minimally invasive tooth 
extraction is needed. After the tooth is extracted, 
the remaining alveolar bone should be preserved as 
much as possible to create favorable conditions for 
subsequent implant surgery. Second, the implant 
must have good primary stability. For most immedi-
ate implant placement surgeries, the amount of avail-
able alveolar bone remaining at the ideal implant lo-
cation is one of the key factors associated with good 
primary implant stability. Third, the wound must be 
closed. Conventionally, since implants are inserted 
immediately after tooth extraction, a temporary res-
toration or healing abutment is routinely needed to 
help close the wound. In addition, free connective 

Table 7. Results of the related parameters grouped by 
gender

Parameters
Mean ± SD

P values
Male Female

MD-SS 8.99 ± 0.72 8.47 ± 0.71 .000
BL-SS 8.43 ± 0.70 8.07 ± 0.68 .003
MR-B 1.11 ± 0.45 0.90 ± 0.31 .008*
MR-L 2.54 ± 0.80 2.89 ± 0.71 .006
DR-B 1.18 ± 0.51 1.11 ± 0.48 .413
DR-L 2.99 ± 0.80 3.19 ± 0.65 .056*
RF-I 16.46 ± 2.10 14.85 ± 1.85 .000

MRA-I 7.84 ± 2.28 6.22 ± 1.82 .000
DRA-I 7.27 ± 2.31 5.63 ± 1.98 .000
IRB2 2.73 ± 0.48 2.88 ± 0.50 .074
IRB4 3.26 ± 0.63 3.34 ± 0.61 .439
IRBA 4.46 ± 1.06 4.41 ± 0.97 .744

MD-SS: mesial-distal socket size; BL-SS: buccal-lingual socket size; MR-B/
MR-L: thickness of the buccal/lingual bone of the mesial root at 2 mm 
apical from the alveolar crest; DR-B/DR-L: thickness of the buccal/lingual 
bone of the distal root at 2 mm apical from the alveolar crest; RF-I: root fur-
cation fornix to inferior alveolar nerve distance; MRA-I/DRA-I: mesial/distal 
root apex to the inferior alveolar nerve distance; IRB2/IRB4: the interra-
dicular alveolar bone thickness at 2 mm, 4 mm apical from the furcation 
fornix; IRBA: the interradicular alveolar bone thickness between the mesial 
and distal root apex. *: Results from the Mann-Whitney U-test.

Table 6. Frequency distribution of the available bone 
thickness parameters

Range
IRB2 IRB4 IRBA

N Ratio (%) N Ratio (%) N Ratio (%)
≤ 2.0 6 4.29 0 0 1 0.71

2.1 ‒ 3.0 87 62.14 55 39.29 9 6.43
3.1 ‒ 4.0 47 33.57 66 47.14 40 28.57
4.1 ‒ 5.0 0 0 17 12.14 50 35.71
5.1 ‒ 6.0 0 0 2 1.43 33 23.57

> 6.0 0 0 0 0 7 5.00
Total 140 100 140 100 140 100

IRB2/IRB4: the interradicular alveolar bone thickness at 2 mm, 4 mm 
apical from the furcation fornix; IRBA: the interradicular alveolar bone 
thickness between the mesial and distal root apex.
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tissue autografts have also been used in achieving 
wound closure. Finally, care should be taken to avoid 
injuring relevant important anatomical structures 
during immediate implant surgery. Therefore, it is of 
great significance to understand the relationship be-
tween different teeth and surrounding bone tissues 
and important anatomical structures. To achieve 
good results in the immediate implantation of man-
dibular first molars, we analyzed the above points in 
the current study. Moreover, to provide practical data 
for the clinic, we carried out a series of measurements 
based on an ideal restoration-oriented implant direc-
tion.

We first analyzed the extraction socket size of man-
dibular first molars. The measurements of the MD-SS 
and BL-SS showed that the average values were 8.74 
± 0.76 mm and 8.26 ± 0.72 mm, respectively, which 
means that the size of the extraction socket is signifi-
cantly larger than that of conventional implants and 
healing abutments. When the mandibular first molar 
is implanted immediately, there will be a gap around 
the upper part of the implant, which may require fill-
ing with bone substitution material.9 However, case 
reports have shown that osseointegration of an im-
plant placed immediately in the first molar extraction 
site is possible without having to graft the gap around 
the implant,15,16 but there is currently a lack of ev-
idence from well-designed clinical RCTs for valida-
tion. Moreover, the determination of how to close 
the wound also needs to be made before surgery. 
The extraction socket sizes in our study were larger 
than those of another related study, in which the ex-
traction socket sizes were 8.77 mm (mesial-distal) and 
7.76 mm (buccal-lingual), which were slightly smaller 
than our results in the buccal-lingual direction.10 This 
may be related to the different measurement meth-
ods and populations. In a study of Saudi Arabians, the 
extraction socket size of mandibular first molars was 
9.32 mm × 8.89 mm.17 

Minimally invasive tooth extraction can be used to 
preserve the surrounding tissue as much as possi-
ble. However, the thickness of the buccal bone of the 
mandibular first molars roots was very thin, and the 
average values of MR-B and DR-B were 1.01 ± 0.40 
mm and 1.14 ± 0.50 mm, respectively. In addition, 
51.43% of mesial roots and 37.86% of distal roots had 

buccal plate thicknesses less than 1 mm. Studies have 
shown that postoperative bone loss can be signifi-
cantly reduced when the buccal bone plate is intact,18 
suggesting that extra attention should be paid to pro-
tecting the thin buccal bone wall of the mandibular 
first molar during tooth extraction. The thickness of 
the lingual bone wall was significantly larger than 
that of the buccal bone wall, and the difference was 
statistically significant in the mesial and distal roots. 
Protection of the lingual plate is also critical. There-
fore, it is necessary to carefully observe the patient’s 
CBCT before surgery to provide guidance for minimal-
ly invasive tooth extraction. Our findings are consis-
tent with those of previous studies.10 To the best of 
our knowledge, most of the previous studies only ob-
served the thickness of the buccal and lingual bone 
at the mesial root, while we analyzed both the mesial 
and distal roots of the mandibular first molar.

Immediate implantation of mandibular first molars 
mainly relies on the interradicular bone and the bone 
between the root apex and the mandibular neural ca-
nal to obtain the primary stability of the implant. Our 
results show that the widest bone is at the level of the 
root apex, namely, the value of IRBA, with an average 
of 4.44 ± 1.02 mm. However, it is only slightly larger 
than that of conventional 4-mm-diameter implants, 
and 35.71% of the mandibular first molars this val-
ue is less than 4.0 mm. Of course, the value of IRBA is 
mainly related to the separation angle of the tooth’s 
mesial and distal roots. This result suggests that the 
choice of implant diameter should be carefully eval-
uated. A meta-analysis indicated that the use of im-
plants smaller than 5 mm in diameter for immedi-
ate implant placement in molars resulted in higher 
survival rates and less bone loss.18 In addition, care 
should be taken when preparing the implant cavity to 
prevent bone damage and loss caused by the swing 
of the bur. In clinical surgery, implant bed preparation 
before tooth extraction may be a better option.19,20 
From the root furcation fornix to the inferior alveolar 
nerve, the average height was 15.68 mm. Moreover, in 
a total of 97.86% of the mandibular first molars, this 
distance was greater than 12.0 mm, which was suffi-
cient for the use of a standard 10-mm-long implant 
for the patient. We also found that the RF-I for the 
male was greater than the female, but the average 
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values in two groups were both more than 14 mm.
In our study, the distance from the mesial and dis-

tal root apex to the IAN was 7.06 mm and 6.84 mm, 
respectively, in the ideal restoration-oriented implant 
direction. Immediate implantation in the anterior re-
gion generally requires at least 4 ‒ 5 mm of bone at 
the apex to provide primary stability. For mandibular 
first molars, our study shows that the bone volume 
at the apex of the implant can also meet the require-
ment that the lower end of the implant be 4 mm in 
the bone, and there is a safe distance of 2 mm from 
the mandibular neural canal. Therefore, theoretically, 
for mandibular first molars that cannot be preserved 
and are without obvious bone resorption around the 
root and the periodontal tissue, due to recent longitu-
dinal fracture or severe caries, the bone height is usu-
ally sufficient for the immediate implantation. These 
results are also similar to those of previous studies,10 
with the distinction that our results showed that the 
distal root apex was closer to the mandibular neu-
ral canal, which may be due to the difference in the 
measurement axis. Moreover, our study showed that 
both the mesial and distal root apices of the female 
were closer to the IAN than the male. Our study only 
focused on the vertical distance from mesial/distal 
root apex to the IAN. When performing the immedi-
ate dental implant placement surgery, more attention 
should also be paid to the alveolar bone mass and 
density, especially the teeth with asymptomatic api-
cal periodontitis. It has been proven that the immedi-
ate placement of implants into the extraction sockets 
with asymptomatic apical periodontitis did not lead 
to an increased rate of complications and rendered 
an equally favorable type of tissue integration.21 How-
ever, if the inflammation leads to bone destruction, 
even if the height of MRA-I and DRA-I are sufficient, 
the initial stability of the implant may be insufficient, 
and will lead to failure of treatment.

Our current study also has certain limitations. First, 
we only included double-rooted mandibular first mo-
lars, so the relevant findings may not be applicable 
to patients with variable roots. Second, this study 
is focused on the Chinese population, and it is not 
clear whether there are differences between differ-
ent ethnic groups. Third, the age distribution of pa-
tients is wide, and we cannot deny that patients of 

different ages may have different bone conditions. 
Finally, there are also limitations in the design of the 
research. The current research is designed as a sin-
gle-center survey, and the source and the number 
of samples are limited. Although we include 100 pa-
tients and 140 teeth, considering individual anatom-
ical variations and different periodontal states and 
other confounding factors (such as the degree of bi-
furcation of the root, the degree of bending of the 
root, and the absorption of alveolar bone) will direct-
ly affect the accuracy of results. These shortcomings 
and limitations need to be further validated and ad-
dressed in future studies.

CONCLUSION

According to our current research results, for the im-
mediate implantation of mandibular first molars, 
there seems to be relatively sufficient bone mass in 
interradicular bone in height, but an adequate width 
is lacking for the bone between the mesial and distal 
root after the extraction of the teeth. The thickness 
of the mandibular first molar buccal bone is relative 
thin, especially for the mesial root, and it indicates 
that more attention may be paid to protect it during 
extraction to avoid bone defects. There are differenc-
es in anatomical features related to alveolar bone 
around mandibular first molars between males and 
females. Therefore, before implantation, the patient’s 
CBCT should be carefully analyzed to ensure the suc-
cess and safety of immediate dental implant place-
ment in mandibular first molar. However, clinical tri-
al’s better design with larger sample size is required 
to validate the current findings.
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