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Background. This study aimed to develop a classification for the sagittal root positioning (SRP) of
mandibular anterior teeth in terms of their anterior buccal bone for use before placing immediate
implants.

Methods. A retrospective review of CBCT images was conducted on 150 patients (75 males and 75
females; mean age: 47.5 years) who met the inclusion criteria. The root position of the tooth samples was
classified as buccal, middle, or lingual types according to their respective sagittal position and subtypes
a, b, ¢, or d, according to the morphology of their osseous housing.

Results. The frequencies of the root positions of each classified group of the sample teeth were as
follows: 14% buccal type, 77% middle type, and 8% lingual type; 18.0% subtype a, 4.33% subtype b,
75.55% subtype ¢, and 2.11% subtype d. As a complementary procedure for data collection, the sagittal
position of the apex was classified into Class I (buccally angulated apex: 4.6%), Class II (apex with no
angulation: 78.2%), Class III (lingually angulated apex: 0.7%) and Class IV (exposed root: 16.3%). In
addition, the results of the examination of the buccal undercut showed that in 1.6%, 32.0%, and 66.3%
of the sample teeth, the undercut was located coronally, medially, and apically, respectively.
Conclusion. Considering these results, the newly proposed SRP classification system can be used to
study the mandibular anterior buccal bone morphology as a diagnostic tool for immediate implant

treatment.

Introduction

Due to the ever-increasing use of dental
implants, the importance of a sagittal root
position (SRP) for the most suitable treatment
planning has increased in the anterior esthetic zone.
Prognosis and the outcome of treatment are of
great importance in immediate implants due to the
odds of failure. Nevertheless, immediate implants
are more prevalent since they can lead to tissue
preservation and a shorter treatment period if they
are placed correctly.?

A classification system for sagittal positioning
of the root apex was suggested by Kan et al* after
studying the SRP of maxillary anterior teeth in their
osseous housing.

Furthermore, a new classification system was
introduced by Xu et al5 to determine changes in the
thickness of the buccal bone of maxillary anterior
teeth in terms of the SRP of maxillary central

incisors.

The SRP of maxillary anterior teeth has been
analyzed in previous studies; however, the SRP of
mandibular anterior teeth has not been studied. To
the best of our knowledge, this is the first report
on the analysis of the SRP of mandibular anterior
teeth relative to the buccal bone to introduce a new
classification system for the anterior region of the
maxilla and mandible.

Methods
Patients

This retrospective study was conducted on CBCT
images of 900 mandibular anterior teeth in 150
patients with bilateral mandibular canines and
lateral and central incisors. The patients consisted of
75 males and 75 females, with an age range of 10-78
and a mean age of 47.5 years. All the patients were
free of any form of oral infection, systemic disease,
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and history of orthodontic treatment and periodontal
surgery.

CBCT imaging

CBCT scans of patients were taken by a NewTom
GIiANO machine, using a single cross-sectional
image (10 mm) in the panoramic view. The NNT
software was used to analyze the CBCT scans.

The New Classification System for the Sagittal Root
Position (SRP)

The SRP classification of Xu et al’> was adopted and
modified to use for mandibular anterior teeth. On the
sagittal CBCT of the six mandibular anterior teeth,
lines al and a2 were drawn, so that line al passed
through the highest points of the buccal and lingual
alveolar bone between the outer margins of the buccal
and lingual cortices; line a2 passed through the apical
point of the tooth between the outer margins of the
buccal and lingual cortices, parallel to line al. Lines
al and a2 were divided into three equal parts by four
dots, which were connected by four lines from line
al to line a2. The three regions formed between lines
al and a2 were named buccal (B), medial (M), and
lingual (L) (Figure 1). The SRP of the tooth samples in
the alveolar bone was classified as buccal (B), medial
(M), and lingual (L) type according to the position of
the root in the three drawn sections.

Each SRP type was classified into four subtypes,
referred to as a, b, ¢, and d according to the
morphology of the buccal bone (Figure 2).

In subtype a, the root is covered by a buccal
bone wall, and bone thickness increases gradually
toward the apex. In subtype b, the root is covered
by a buccal bone wall, and the thickness of the bone
decreases or remains unchanged toward the apex.
In subtype c, bone thickness decreases toward the

al

Lim B

a2

mid-root and increases from the mid-root toward
the apex. In subtype d, the apex is not covered by
bone, with or without a buccal bone wall (Figures
2 and 3). The proposed subtypes are different from
the classification proposed by Xu et al® due to the
morphological differences of buccal bone in the
maxilla and mandible. In some cases, the mandibular
buccal bone has a more pronounced thickness change
by decreasing toward the mid-root and increasing
toward the apex, which is absent in the maxilla;
therefore, it was not included in the classification of
Xu et al.

Reliability assessment

The buccal bone thickness was measured in three
levels (coronal, middle, and apical thirds) of the
root covered by the alveolar bone to ensure the bone
thickness changes along the root.

Classification of the Sagittal Positioning of the Apex*

The apex position was classified as classes I, IL, III,
and IV according to the sagittal inclination of the
apex of the tooth long axis (Figure 4). In the class
I category, the root is positioned against the labial
cortical plate. In the class II category, the root is
positioned along the long axis of the tooth without
engaging either the labial or lingual cortical plate at
the apical third of the root. In the class III category,
the root is positioned against the lingual cortical
plate, and if at least two-thirds of the root engage the
labial and/or lingual cortical plate, it is classified as
class IV (Figure 4).

The buccal undercut depth and location

To measure the undercut depth, the distance of the
deepest point (most posterior) of the buccal plate

Figure 1. SRP classification - in this case the sample categorized in middle class
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Subtype a — the root is covered
by buccal bone wall and bone
thickness  increases  gradually

toward the apex

Subtype b - the root is covered by
buccal bone wall with cither even
or reducing thickness toward the

apex

Subtype ¢ - bone thickness
reduces toward midroot and

increases from midroot toward

apex

Subtype d - the apex is not
covered by bone tissue with or

without buccal bone wall

Figure 2. SRP subtypes a/b/c/d

from a line connecting the most anterior points of
the buccal bone was measured for each tooth, and
according to its location, the undercut was classified
as coronal, middle, or apical (Figure 5).

Statistical analysis

The data were presented as percentages or frequencies
and compared using one-way ANOVA, followed by
post hoc tests. Statistical analyses were performed
using SPSS. Statistical significance was set at P<0.05.

Results

In this study, 900 mandibular anterior teeth (300
central incisors, 300 lateral incisors, and 300 canines)
were examined in 150 patients (50% males and 50%
females) with a mean age of 47+13.48 and an age
range of 19-70 years.

Table 1 shows the mean buccal bone thicknesses
(coronal, middle, and apical thirds of the root), root
lengths in bone, and undercut depths.

The highest mean length of the root in the alveolar
bone was 13.5 mm in the canines, and the lowest
mean was 9.46 mm in the central incisors. The
difference in the root length of the three teeth was
statistically significant (P<0.05); however, it was not
clinically significant.

The highest mean buccal bone width in the coronal
region was in central incisors with 1.00 mm, with
the lowest in canines with 0.83 mm. The test showed
that the coronal width difference in the teeth was

Table 1. Descriptive variables according to tooth type

statistically significant (P<0.01). However, there was
no significant difference between the central and
lateral incisors (P<0.7).

The highest mean buccal bone width in the middle
third was in the central incisors with 0.84 mm, and
the lowest was in the canines with 0.53 mm, which
was statistically significant (P<0.01).

The highest mean buccal bone width in the
apical third was in the canines with 2.49 mm, with
the lowest in the central and lateral incisors with
2.06 and 2.3 mm, respectively. This difference was
statistically significant (P<0.01); however, there was
no significant difference between the central and
lateral incisors.

The highest mean depth of the buccal undercuts
was in the lateral incisors with 1.92 and 1.88 mm
in the central incisors, and the lowest mean depth
was in the canines with 1.62 mm. The difference was
statistically significant (P<0.01).

The distribution of teeth in terms of the new
proposed classification of the sagittal root position
(SRP) and its subtypes by gender and the tooth type
are presented in Table 2.

In the SRP classification, 14.0% of the roots were
positioned buccally (B/a, 17.4%; B/b, 20.6%; B/c,
54.9%; and B/d, 7.9%), with 77.0% medially (M/a,
17.5%; M/b, 1.8%; M/c, 81.7%; and M/d, 0.4) and
8.0% lingually (L/a, 24.6%; L/b, 0%; L/c, 53.2%; and
L/d, 7/7%).

The most frequent subtype was subtype ¢, with

Tooth type Central Lateral Canine

Average height of root in bone 9.46+1.73 10.9 +1.77 13.05 +2.14
Average coronal buccal bone thickness 1.0 +0.46 0.97 +0.45 0.83 +0.56
Average midroot buccal bone thickness 0.84 £ 0.64 0.63 £0.58 0.53+£0.58
Average apical buccal bone thickness 2.06 £0.99 2.03 £0/99 249 +£1.32
Average undercut depth 1.88 £0.52 1.92 +0.54 1.62 +0.57
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Figure 3. SRP classification - B/a- Class B subtype a, B/b- Class B subtype b, B/c- Class B subtype ¢, B/d- Class B
subtype d, M/a- Class M subtype a, M/b- Class M subtype b, M/c- Class M subtype ¢, M/d- Class M subtype d, L/a-
Class L subtype a, L/c- Class L subtype c, L/d- Class L subtype d.

75%. The samples of the subgroups b and d were very
small and comprised approximately 5% of the total
samples. In this study, no sample was found with a
lingual subtype b.

In the SRP classification, the a, b, ¢, and d subtypes
in all the B, M, and L classes were similar in terms of
number and percentage in both males and females

and tooth types (P<0.04).

Table 3 presents the distribution of teeth by Kan’s
classification in terms of the patients’ gender and the
tooth type.

The apex was positioned buccally (Class I) in 4.6%
of the samples, along the long axis of the tooth (Class
IT) in 78.2%, lingual (Class III) in 0.7%, and Class IV
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Class I: The root is positionsd
against the labia cortical plate

Class N: The root is positioned
along the long axis of the tooth
Wwithout engagin g ether the labial
or the lingual cortcal plates atthe
apical third of the root

Figure 4. Kan’s classification of apex sagittal positioning

in 16.3% of the cases.

There were no significant differences in the patients’
gender and tooth types (P<0.04).

The distribution of samples based on the location
of the undercuts in terms of the patients’ gender and
tooth types is presented in Table 4.

The undercut was located coronally in 1.6% of the
samples (the lowest frequency), medially in 32.0%
of the cases, and apically in 66.3% (the highest
frequency).

The results did not differ significantly between the
male and female subjects (P<0.2).

Discussion

The alveolar buccal bone in the mandible’s anterior
region is relatively thin and undergoes rapid
resorption during the healing procedure compared
to the lingual plate. The results of this study on the
anterior mandibular teeth showed that buccal bone
thickness decreased in 81.7% of the cases from the
CE]J to the mid-root and increased toward the apex,
unlike the maxilla in which it mostly increases

Class 1V: At least two third of the
rootis engeging the labizl and/or
hingua cortical platas

Class mi: The root is posiioned
against the lingual corucal plate

toward the apex. This difference in thickness change
was also noted previously by Kim et al.* However, it is
clear that medially located roots in the buccolingual
plane have a better prognosis in immediate implant
placement, regardless of bone thickness, due to the
presence of both the buccal and lingual bone walls.
The implant must be placed as medially as possible in
buccally and lingually located root areas.*”

According to Witek et al,” the rotation of mandibular
incisors and canines does not affect the thickness of
the surrounding bone. However, it is necessary to
evaluate the thickness of the bone, especially in the
apical and labial cortical areas that are more prone
to bone resorption after tooth extraction, and to
make sure that the apex position is also specified.?
Compared to the mandibular and maxillary anterior
teeth, it was shown that approximately 60.1% of the
roots in the mandible had apices located along the
long axis of the tooth. However, in the maxilla, the
majority of roots had buccally inclined apices.*’

The undercuts can also affect bone thickness and
increase the risk of bone fenestration, collapse, and

Table 2. Frequency distributions of SRP classification in terms of gender and tooth type

Gender Male Female

Tooth type Central Lateral Canine Central Lateral Canine
Bla 2 (16.7%) 3(21.4%) 4(18.2%) 1(6.3%) 0 11 (24.4%)
B/b 4(33.3%) 2 (14.3%) 4(18.2%) 5(31.3%) 7 (41.2%) 4(8.9%)
B/c 6 (50.0%) 8 (57.1%) 12 (54.5%) 10 (62.5%) 10 (58.8%) 23 (51.1%)
B/d 0 1(7.1%) 2(9.1%) 0 0 7 (15.6%)
M/a 15 (12.4%) 11 (8.9%) 43 (34.7%) 13 (10.9%) 11 (9.3%) 29 (28.4%)
M/b 5 (4.1%) 2 (1.6%) 1(0.8%) 0 2 (1.7%) 3 (3.9%)
M/c 100 (82.6%) 111 (89.5%) 80 (64.5%) 105 (88.2%) 104 (88.1%) 70 (86.6%)
M/d 1 (0.8%) 0 0 1 (0.8%) 1(0.8%) 0

L/a 3 (17.6%) 3(25.0%) 2 (50.0%) 5(33.3%) 4(26.7%) 2 (66.7%)
L/b 0 0 0 0 0 0

L/c 13 (76.5%) 9 (75.0%) 2 (50.0%) 7 (46.7%) 9 (60.0%) 1(33.3%)
L/d 1(5.9%) 0 0 3 (20.0%) 2 (13.3%) 0
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Table 3. Frequency distributions of apex sagittal position in terms of gender and tooth type based on Kan’s

classification
Gender Men ‘Women
Tooth type Central Lateral Canine Central Lateral Canine
I 4(2.7%) 4(2.7%) 17 (11.3%) 2 (1.3%) 3 (2.0%) 12 (0.8%)
II 120 (80.0%) 122 (81.3%) 108 (72.0%) 123 (82.0%) 128 (85.3%) 103 (103%)
111 0 0 1(0.7%) 0 1(0.7%) 5(3.3%)
v 26 (17.3%) 24 (16.0%) 24 (16.0%) 25 (16.7%) 18 (12.0%) 30 (20.0%)

Table 4. Frequency distributions of undercut location in terms of gender and tooth type

Gender Men Women

Tooth type Central Lateral Canine Central Lateral Canine
Coronal third 117 (78.0%) 112 (74.7%) 108 (72.0%) 100 (66.7%) 78 (52.0%) 82 (54.7%)
Mid-root 29 (19.3%) 36 (24.0%) 42 (28.0%) 48 (32.0%) 70 (46.7%) 63 (42.0%)
Apical third 4(2.7%) 2(1.3%) 0 2 (1.3%) 2 (1.3%) 5 (3.3%)

faster resorption, especially around the inclined
apices.”!! Since more than two-thirds of mandibular
anterior teeth had undercut depths >1 mm, with
none exhibiting <0.5-mm-deep undercuts, obligatory
treatments, such as ridge augmentation, bone grafts,
etc., must be rendered during implant placement to
restore and augment bone thickness. In this context,
flapless placement of implants in the mandibular
anterior region might be at a higher risk of failure
if managed without accurate evaluation and guided
surgery.'>"® Determining the location of undercuts
in this study showed that 66.3% of the undercuts
were located apically, enabling the dentists and
patients to select alternative treatments, such as bone
augmentation.>'*

Conclusion

This research proposes a new SRP classification
system to study mandibular anterior buccal bone
morphology as a diagnostic tool for immediate
implant treatment. Since more than two-thirds of
mandibular anterior teeth had undercut depths over 1
mm and none with less than 0.5-mm-deep undercuts,
obligatory treatments, such ridge augmentation,
bone graft, etc., must be rendered during implant
placement to restore and augment bone thickness,

indicating that flapless placement of implants in the
mandibular anterior region might be at a higher risk
of failure if managed without accurate evaluation and
guided surgery.

Abbreviations

SRP (sagittal root position): The position of the root
of the anterior teeth in the alveolar housing in the
sagittal plane.

CBCT (cone-beam computed tomography) image:
A medical imaging technique consisting of divergent
x-ray computed tomography, forming a cone.

Authors’ contributions

MO: Conceptualization, IB: Formal Analysis, MO, IB:
Investigation, MOand IB: Methodology, IB, MO: Project
Administration, IB: Writing-Original Draft, MO, IB:
Writing-Review&Editing. All authors have read and
approved the final manuscript.

Acknowledgments

The authors would like to thank Dr Shariar Shagab and Dr
Ahmadreza Talayipour for their contribution in collecting
data.

Funding
Self funded.

Apical undercut Midroot undercut

Coronal undercut

Figure 5. Undercut sagittal location.

70| ] Adv Periodontol Implant Dent, 2020, Volume 12, Issue 2



Moghaddas and Behravan

Competing interests

The authors declare that there were no competing interests
between the authors.

Ethics Approval

The study was conducted in an in-vitro environment and
no humans participated in the study. The study did not
have any ethical registrations.

References

1.

Singh M, Kumar L, Anwar M, Chand P. Immediate
dental implant placement with immediate loading
following extraction of natural teeth. Natl ] Maxillofac
Surg. 2015; 6(2): 252-255. doi: 10.4103/0975-5950.183864.
Mittal Y, Jindal G, Garg S. Bone manipulation procedures in
dental implants. Indian Journal of Dentistry. 2016;7(2):86-
94. doi: 10.4103/0975-962X.184650.

Singh A, Gupta A, Yadav A, Chaturvedi TP, Bhatnagar
A, Singh BP. Immediate placement of implant in fresh
extraction socket with early loading. Contemp Clin
Dent. 2012;(3): 219-222. doi: 10.4103/0976-237X.101099.
Kan JYK, Roe P, Rungcharassaeng K, Patel R.D, Waki T,
Lozada J.L, et al. Classification of sagittal root position
in relation to the anterior maxillary osseous housing for
immediate implant placement: a cone beam computed
tomography study. Int J Oral Maxillofac Implants. 2011;
26(4):873-6.

Xu D, Wang Z, Sun L, Lin Z, Wan L, Li Y, et al
Classification of the root position of the maxillary central
incisors and its clinical significance in immediate implant
placement. Implant Dent. 2016; 25(4):520-4. doi: 10.1097/
1D.0000000000000438.

10.

11.

12.

13.

14.

Kim H.J, Yu S.K, Lee M.H, Lee H.J, Kim H.], Chung C.H.
Cortical and cancellous bone thickness on the anterior
region of alveolar bone in Korean: a study of dentate
human cadavers. ] Adv Prosthodont. 2012; 4:146-52.
Witek A.S, Koszowski R, Kalinowska L.R. Relationship
between anterior mandibular bone thickness and the
angulation of incisors and canines- a CBCT study. Clin
Oral Invest. 2018; 22:1567-78. doi: 10.1007/s00784-017-
2255-3

Gluckman H, Pontes CC, Du Toit J. Radial plane tooth
position and bone wall dimensions in the anterior maxilla:
A CBCT classification for immediate implant placement. J
Prosthet Dent 2018; 120:50-6.

Zhan W, Skrypczak A, Weltman R. Anterior maxilla
alveolar ridge dimension and morphology measurement
by cone beam computerized tomography (CBCT) for
immediate implant treatment planning. BMC Oral
Health. 2015; 65(15):1-8. doi: 10.1186/s12903-015-0055-1
Chee W, Jivraj S. Failures in implant dentistry. Br Dent J.
2007; 202(3):123-9. doi: 10.1038/bd;j.2007.74

Bhola M, Neely A.L, Kolhatkar S. Immediate implant
placement:  Clinical decisions, advantages, and
disadvantages. ] Prosthodont. 2008; 17:576-581.
doi: 10.1111/j.1532-849X.2008.00359.x

Kubilius M, Kubilius R, Gleiznys A. The preservation of
alveolar bone ridge during tooth extraction. Stomatologija.
20125 14:3-11.

Bashutski J.D, Wang H.L, Rudek I, Moreno I, Koticha
T,Oh TJ. Effect of flapless surgery on single-tooth
implants in the esthetic zone: a randomized clinical trial.
] Periodontol. 2013 Dec;84(12):1747-54. doi: 10.1902/
jop.2013.120575.

Kumar G.A. Criteria for immediate placement of oral
implants: a mini review. Biol Med. 2012; 4(4):188-192.

J Adv Periodontol Implant Dent, 2020, Volume 12, Issue 2 |71



