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Abstract Purpose: The purpose of the study was to analyze the dimensions of socket morphology,

interradicular bone dimensions, root length and morphology, buccal cortical bone thickness and

gap defect between the implant bone in mandibular molars with cone beam computed tomography

(CBCT) for immediate molar implant (IMI) placement.

Materials and methods: Sample sizes of 300 mandibular 1st and 2nd molars were each selected

from the CBCT scans by inclusion and exclusion criteria. CBCT measurements were performed

for socket size morphology, mesiodistal width, and buccolingual cancellous bone width at the crest

at the apex. Width of the buccal cortical plate at the crest and interradicular bone (IRB) at the apex,

3 mm cervical to the apex and 6 mm cervical to the apex. Vertical parameters from the crest to fur-

cation (L1), length from furcation to the apex (L2) and mesiodistal root morphology were measured

to analyze the root configuration.

Results: All the parameters were analyzed for descriptive statistics for the mean and standard

deviation. The majority were of Type B and C socket morphology with peri-implant bone defects

of 2–2.5 mm, and the interradicular bone septum (IRB) was moderate for both first molar (1 M)

and second molar (2 M) sites, but 2 M was shown to have less IRB than 1 M. Adequate buccal cor-
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tical bone thickness of 1.1 mm to 1.4 mm and buccolingual cancellous bone width were measured

for both the 1 M and 2 M sites.

Conclusion: The morphology of the molar extraction socket determines the adequate stability for

IMI. In mandibular molar teeth, where interradicular bone is incompetent in providing good pri-

mary stability, in addition to interradicular bone, clinicians should look for support from the apical

bone and interdental septal bone for attaining primary stability of IMI.

� 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Immediate molar implants are gaining acceptance in the

restoration of missing teeth with a high rate of clinical success.
Accurate imaging modalities (CBCT) (Ganguly et al., 2011;
Shaikh and Shaikh, 2018), innovative implant treatment plan-

ning software, and advanced surgical and prosthetic tech-
niques have made it possible for the success of implants
(Alaqeely et al., 2020; Kämmerer et al., 2014). There is grow-

ing recognition of IMI by patients and clinicians since the
waiting period after extraction is less and is anticipated to
maintain bone volume and to improve aesthetic sequelae.

Concurrently, the timing of implant placement after extrac-

tion has become a debatable issue with respect to primary sta-
bility and osseointegration. Studies have shown a favorable
survival rate in IMI if the extraction technique is atraumatic

and a minimum gap is maintained between the bone and
implant surface since the main difference occurs during the ini-
tial stage of osseointegration for the success of the implant

(Ebenezer and Balakrishnan, 2015; Schwartz-Arad et al.,
2000; Suarez et al., 2013). In contrast, delayed implant place-
ment minimizes failure and complications, which are due to

ample alveolar bone remodeling (Antetomaso and Kumar,
2018; Esposito et al., 2010). Primary stability of IMI depends
upon the area of implants to be placed. Implants placed imme-
diately into the extraction sites, especially in the anterior or

premolar region, offer 100% primary stability because of the
smaller socket size and lesser amount of load taken by these
implants (Atieh et al., 2013). In the molar region, this percep-

tion is controversial; compared to the available implant diam-
eter, the socket size is large. (Smith et al., 2019). Three types of
extraction sockets (A, B and C) are proposed based on the

amount of bone available within the socket for stability of
IMI: ‘‘Type A - the implant is completely within the septal
bone, without gaps between the implant and the socket walls;

Type B - the implant has enough but incomplete septal bone,
leaving gaps; and Type C - insufficient septal bone, thus the
implant engages the periphery of the socket” (Smith and
Tarnow, 2013). As compared to healed sites, there is a higher

implant failure rate for implants placed in fresh extraction
sockets (Khouly and Keenan, 2015). However, a systematic
and meta-analysis review reported no significant difference

between immediate or delayed implant insertion and no differ-
ences for site specificity in implant failure. (Chrcanovic et al.,
2015).

In IMI, primary stability is achieved from interradicular
bone and apical threads. The failure of IMI will be higher if
the factors as the socket morphology, root length and config-
uration, buccal cortical bone thickness, and gap defect between

implant-bone and interradicular septa are not considered.
Other parameters, such as the quality and quantity of bone,
atraumatic surgical technique and traumatic occlusal forces,

play a role in implant success. (McAllister and Haghighat,
2007; Padhye and Shirsekar, 2019; Rominger and Triplett,
1994). Because there is scant available literature, the aim of

the present study was to measure the alveolar bone dimensions
responsible for primary stability in mandibular molars for IMI
success. The hypothesis tested is for the inadequacy of inter-
radicular bone dimensions of mandibular molars after extrac-

tion for IMI.
The objective of the present study was to analyze the socket

morphology, interradicular bone dimensions, root length and

morphology, buccal cortical bone thickness and gap defects
between the implant bone in mandibular molars.

2. Materials and methods

2.1. Subjects

This cross-sectional, retrospective study design underwent for-
mal review and received ethical approval (DRC/008FA/20)

from the institutional review board of College of Dentistry
in Alrass, Saudi Arabia. The CBCT images were obtained
from the archives of the Dento-maxillofacial radiology depart-
ment. The inclusion criteria were CBCT images of the com-

plete mandible of permanent dentition with healthy
mandibular 1st and 2nd molars along with healthy periodon-
tium. Any partial or incomplete images, patients with any

pathology in the mandible, such as caries, periapical pathol-
ogy, cysts, tumors, bony sclerosis, and impacted teeth, 3rd
molars, were excluded from the study. All scans were assessed

for eligibility against the selection criterion.

2.2. CBCT imaging and analysis

A total of 272 CBCT scans were selected initially, and after the
inclusion and exclusion criteria, 201 scans were selected for the
study. From these, a sample size of 300 each for the 1st and
2nd molars was selected. All scans were standardized (Gali-

leo’s comfort Sirona Dental Systems GmbH, Blenheim, Ger-
many) with scan parameters of 85 KvP, 21 mAs and 14 sec
scan time with FOV of 15 � 15 � 15 cm3 and voxel size

0.3 mm3. All scans were taken in high-definition mode and
with Metal Artifact Reduction Software. The data were recon-
structed in slices of 1 mm intervals and analyzed using propri-

etary software (Sidexis 4). A complete image of the molar was
opened and aligned in all three sections. Table 1 shows the
alveolar bone parameters to be measured. These measurements
were performed in sagittal and cross-sections as shown in

Fig. 1b, 1b & 1c.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 Measured Parameters for 1 M and 2 M sites.

Parameters Measured Acronyms

Socket Size Morphology

Mesio-distal Width at the Crest MDW-C

Bucco-lingual Width at the Crest BLW-CR

Mesio-distal Width at the Apex (Root tip Morphology

– Convergence/Divergence)

MDW-A

Vertical Root Length Parameters:

Length from the Crest of Interdental Bone to the

Tangent from Furcation

L1

Length from the Tangent of Furcation to the Tangent

at Root Apex (Interradicular Septum Bone Length

L2

Total root Length (L1 + L2) L3

Buccal Cortical Bone Thickness

Buccal Cortical Bone Thickness at the Crest BCB-CR

Interradicular Septal Bone Morphology

Mesio-distal Width at Apex IRB-A

Mesio-distal Width Cervically 3 mm from the Apex IRB-3

Mesio-distal Width Cervically 6 mm from the Apex IRB-6

Radicular Bucco-Lingual Width (BLW) of Cancellous Bone

Measurements

Bucco-lingual Width (BLW) of Cancellous Bone at the

Apex

BLW-A

Bucco-lingual Width (BLW) of Cancellous Bone

Cervically 3 mm from the Apex

BLW-3

Bucco-lingual Width (BLW) of Cancellous Bone

Cervically 6 mm from the Apex

BLW-6
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All measurements were performed by two qualified obser-
vers. Both observers were blinded regarding the aim of the
study and received a calibration session prior to the initiation
of image evaluation and a training session to understand the
Fig. 1 Measured Parameters of 1 M and 2 M. a: CBCT image of firs

L2 (length from furcation to root apex. In addition, mesio-distal sock

bone measurements, (IRB -A, at apex), (IRB �3 3 mm cervical to apex

showing BCB-CR, Bucco-lingual socket width at crest (BLW-CR) and

cervical to root apex).
various functions of the software. In the event of disagreement
between the two observers, cases were discussed until consen-
sus was reached. To analyze interobserver agreement, two

measurements were repeated at two different time points for
each scanned volume.

2.3. Statistical analysis

All the parameter data were entered into SPSS v.11.5 Software
(SPSS Inc., Chicago, IL, USA) for the analysis of descriptive

statistics for the mean and standard deviation.
The Kappa value for interexaminer reliability was 0.9.

3. Results

The following mean with standard deviation was obtained for
the mandibular 1st molar and 2nd molar as mentioned in

Table 2:

3.1. Socket size morphology

1M: - The mean mesio-distal width at the crest (MDW-C) was

9.32 ± 0.74 mm, and the mean bucco-lingual width at the crest
(BLW-CR) was 8.8 ± 0.78 mm. The mean mesio-distal width
of roots at the apex (MDW-A) was 7.0 ± 1.4 mm.

2M: - The mean MDW-C was 9.1 ± 0.92 mm, mean BLW-
CR was 8.8 ± 0.75 mm and mean MDW-A was 5.6 ± 1.
7 mm.

3.2. Trunk length

1M: - The mean length from the crest of the bone to the tan-

gent from furcation (L1) was 2.99 ± 0.49 mm, and the mean
length from the tangent of furcation to the root apex (L2)
t molar showing measurements L1 (length from crest to furcation)

et width at crest. (MDW-C). b: Mesio-distal interradicular septal

) & (IRB-6) 6 mm cervical to apex).. c: CBCT image of first molar

BLW of ridge at root apex, 3 mm cervical to root apex & 6 mm



Table 2 Alveolar bone Measurement Readings.

Mandibular 1st molar (1 M) with n = 300 Mandibular 2nd molar (2 M) with n = 300.

Acronym Min Max Mean Std. Deviation Min Max Mean Std. Deviation

MDW-C 7.01 11.09 9.3230 0.74785 0.26 11.09 9.1484 0.92448

BLW-CR 7.23 10.98 8.8969 0.78684 7.27 10.65 8.8775 0.75076

MDW-A 4.09 10.46 7.0442 1.49895 2.55 8.62 5.6906 1.70465

L1 1.70 4.75 2.9901 0.49734 1.20 6.86 2.9775 0.65525

L2 7.21 13.81 10.0748 1.21509 4.10 14.05 9.2724 1.40289

L3 10.21 16.79 13.0649 1.30230 8.05 18.11 12.2499 1.40571

BCB-CR 0.75 2.12 1.1556 0.25507 0.86 2.90 1.3382 0.38281

IRB-A 0.65 7.13 3.7303 1.31711 0.00 6.56 2.3480 1.37495

IRB-3 1.21 6.18 3.3947 1.01280 0.00 5.08 2.2400 1.06730

IRB-6 1.20 5.96 3.1962 0.76896 0.00 5.08 2.1163 0.88789

BLW-A 3.63 12.17 7.8688 1.60742 3.56 13.04 8.4193 1.73886

BLW-3 3.39 12.82 8.2560 1.41010 3.65 13.86 9.0423 1.61325

BLW-6 5.44 12.82 8.4150 1.24321 4.20 16.19 9.3207 1.62880
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was 10.07 ± 1.2 mm. L3, the total mean length of the bone
root (L1 + L2) was 13.06 ± 1.3 mm.

2M: - The mean trunk length (L1) was 2.97 ± 0.65 mm and
(L2) was 9.2 ± 1.4 mm. L3, the mean total length of the bone
root (L1 + L2) was 12.24 ± 1.4 mm.

3.3. Buccal cortical bone thickness at crest

1M: - The mean BCB-CR was 1.15 ± 0.25 mm.

2M: - The mean BCB-CR was 1.33 ± 0.38 mm.

3.4. Intraradicular septal bone measurements

1M: - The mean mesio-distal width of the septum at the apex
(IRB-A) was 3.73 ± 1.31 mm and mesio-distal width cervically

was 3 mm from the apex (IRB-3) and was mean 3.394 ± 1.0
1 mm. The cervical mesio-distal width was 6 mm from the apex
(IRB-6) and was mean 3.19 ± 0.76 mm.

2M: - The mean IRB-A was 2.34 ± 1.37 mm, mean IRB-3

was 2.24 ± 1.06 mm and mean IRB-6 was 2.11 ± 0.88 mm.

3.5. Radicular bucco-lingual width of cancellous bone

1M: - At the apex, mean (BLW-A) bone was 7.8 ± 1.6 mm,
cancellous bone cervically (towards the trunk) was 3 mm from
the apex (BLW-3) and was mean 8.2 ± 1.01 mm, and the

bucco-lingual width of cancellous bone cervically was 6 mm
from the apex (BLW-6) and was mean 8.4 ± 1.24 mm.

2M: - At the apex, mean (BLW-A) bone was 8.4 ± 1.73

mm, mean cancellous bone BLW-3 was 9.04 ± 1.61 mm and
mean BLW-6 was 9.6 ± 1.61 mm.

4. Discussion

The present CBCT analysis was carried out to measure the
bone support from the extraction socket and interradicular
septa in providing primary stability of IMI. Reports of previ-

ous studies have shown that the interdental, buccal & lingual
cortical bone and interradicular septal bone are primary fac-
tors for implant stability and success rate, provided that co-
factors, such as tooth morphology, atraumatic extraction with

IRB preservation techniques, length, diameter and angulation
of implants and presurgical CBCT analysis are taken into con-
sideration (Braut et al., 2012; Chrcanovic et al., 2015;

Agostinelli et al., 2018; Lin et al., 2014).
4.1. The molar extraction socket morphology

The socket framework is vital to successful IMI outcomes. The
type and size of the socket and trunk, lateral bone (bucco-
lingual and mesio-distal) and apical bone (from the interdental

crest to interradicular crest) play critical roles in IMI place-
ment and stability.

The results in the present study showed that the coronal
socket size was Type B with moderate mesio-distal size and

buccolingually suggestive of peripheral defects of approxi-
mately 2–2.5 mm. These findings are similar to those reported
in the literature, where if the gap defect is less than 2 mm, nat-

ural bone healing can be predicted without the need for graft-
ing (Chen et al., 2009; Fugazzotto, 1998; McAllister and
Haghighat, 2007). However, if the gap is greater, then guided

bone regeneration and soft tissue augmentation are indicated
(Rominger and Triplett, 1994; Schliephake et al., 2000;
Simion et al., 1994).

The trunk length (the crest to furcation length) is normally

unsupported in IMI. This will be further complicated if there is
thin and resorbed crestal bone or lateral bone, making implant
placement and its success difficult (Matarasso et al., 2009). Our

study findings showed moderate mean LI measurements of 2.
99 ± 0.49 mm for M1 and 2.98 ± 0.65 for M2, and the calcu-
lated peripheral defect was 2–2.5 mm along the trunk area of

the implant. ‘‘Lesser the gap defect around the implant and
more the lateral and apical bone support, higher the stability
of implants and hence higher success rate”. If the lateral and

apical bone support is compromised, then a delayed implant
placement protocol should be opted (Smith and Tarnow,
2013). In contrast, others reported larger gap defects between
the implant and bone after extraction and proposed greater
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amounts of new bone formed or no difference with narrow
gaps (Botticelli et al., 2004; Ferrus et al., 2010).

4.2. The root length and the interradicular bone length

It is a general concept that the longer the length is, the better
the stability of implants is, and the same applies for IMI. The

average length of the lower molar roots is 14–16 mm (Akhlaghi
et al., 2017; Dunlap and Gher, 1985; Shakil et al., 2014). IMI
uses an interradicular septum for initial stability. In the present

study, the mean L3 values were 13.06 ± 1.31 mm for 1 M and
12.25 ± 1.41 mm for 2 M. If the implant length is decreased by
40%, the implant anchorage is reduced by 50% (Ueno et al.,

2010), and the implant should be placed into a minimum of
3 mm of bone apical to the extraction site (Esposito et al.,
2007; Schwartz-Arad and Chaushu, 1997; Werbitt and
Goldberg, 1992).

4.3. Buccal cortical bone thickness at the crest

In the present study, the mean BCB-CR thickness for 1 M was

1.156 ± 0.26 mm and that for 2 M was 1.338 ± 0.382 mm. If
the BCB-CR thickness is less than 1.8 mm and the BLW of the
ridge is compromised, wider or ultra-wide implants should be

avoided to prevent marginal bone loss. In cases of deficient
thickness, it is preferable to place an implant submerged or
to plan for lingual angulation (Tomasi et al., 2010) or to delay
placement of the implant. Submerging the implant may also

enhance osteointegration (Huang et al., 2015). In the present
study, the mean BCB-CR thickness of the 2nd molar was
higher than that of the 1st molar sites, suggesting a favorable

result for 2 M for IMI. Similar study results were reported for
maximum thickness in the 2nd molar area, and the mean alve-
olar bone height was less in the molar (14.5 mm) area (Soman

et al., 2019).

4.4. Interradicular septum morphology

Mesio-distal IRB width in this study was moderately sufficient
at the apex and towards furcation up to 6 mm cervical for 1 M
and insufficient for 2 M sites (Table 2). These results suggest
that the majority of extraction sockets were Type B in 1 M

and Type C in 2 M. In these types of sockets, IRB, which influ-
ences primary stability, will be inadequate if a standard or
wider implant is placed in the interradicular bone. In such

cases, the primary stability will be provided by buccal, lingual
and apical trabecular bone. These results suggest that IRB
might affect the insertion torque value and the need to add

augmentive procedures for IMI placement.
The present study results also suggest that if wider implants

are placed, the gap defect will be minimal, and there is proba-

bility of higher quality bone formation during the healing per-
iod. Additionally, the BLW was higher in 2 M than in 1 M. In
the literature, higher failure rates have been reported with 6–
9 mm diameter implants for IMI. They suggested a minimum

of 1.8 mm buccal bone thickness remaining after osteotomy,
healthier for higher success (Mordenfeld et al., 2004;
Ormianer et al., 2012) If IRB is intact and sufficient after

extraction with <2 mm of labial peri-implant socket gap, then
primary stability will be good; hence, the healing period should
be 3 months, and peri-implant grafting is not indicated (Zamad
et al., 2015).

4.5. Bucco-lingual ridge width

In this study, the mean thickness of the BLW at the apex and
at the crest was greater at 2 M than at 1 M, which is consistent

with the results of previous CBCT studies (Braut et al., 2012;
Agostinelli et al., 2018). The type of mandibular ridge
appeared to be shared equally by Convergent type and Parallel

type in both the 1 M and 2 M sites. Other previous studies
observed that the most prevalent mandibular ridge was the
Undercut- shaped ridge (Chrcanovic et al., 2015; Lin et al.,

2014). According to Tian-You Wang (2013), in their simulated
results, bone plate perforation was more prevalent in U-shaped
ridges and was higher for 2nd molars (Wang et al., 2019). In
contrast, the present study found that the 2nd molar shows a

better bucco-lingual width than the 1st molar. Hence, it is
essential to consider ridge width at the crest and at the tooth
apex during treatment planning.

4.6. The root morphology

In the present study, both 1 M and 2 M had moderately wide

interdental septa at the apex, compared to crestal socket width,
with moderate mesio-distal convergence of roots at the apex.
Mandibular 1 M had parallel or slightly convergent root mor-
phology, and mandibular 2 M were more convergent, suggest-

ing that the 2nd molars favored interdental bone support in
addition to IRB for IMI. Similar results were reported by pre-
vious studies, where 1 M had a thick interdental septum and

the roots were either parallel or divergent compared to 2 M
(Braut et al., 2012; Agostinelli et al., 2018).

5. Conclusion

The molar extraction socket morphology determines the ade-
quate stability for IMI placement. The interradicular septal

bone and molar socket periphery are the primary areas of bone
available for IMI placement. In mandibular molar teeth, where
interradicular bone is insufficient in providing good primary

stability, in addition to interradicular bone, clinicians should
look for support from the apical bone and interdental septal
bone for attaining primary stability of IMI. There is definite
need for a good selection of cases, atraumatic extraction with

preservation of IRB and associated regenerative procedures
for higher success of immediate molar implants. However fur-
ther clinical studies with methods to measure primary stability

of IMI are needed to validate our conclusions.
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