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Location of vital structures and available bone for the
placement of dental implants in clinically edentulous patients:
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Purpose: The purpose of this study was to evaluate a cohort of edentulous Sri Lankan patients and to consider important anatomical
landmarks and available bone seen in dental panoramic tomography (DPT) for the placement of implants.
Materials and Methods: A total of 152 clinically edentulous arches were selected from the DPTs of 81 patients. DPTs were taken following standard protocols. Radiographs were evaluated by a specialist for the following: the relative thickness of the soft tissue coverage
of the alveolar ridge, location of the mandibular canal, mental foramen and the maxillary sinus, bone height at the maxillary canine,
first premolar region, mandibular canine, and symphyseal region, and for the presence of buried roots or impacted teeth and foreign
bodies.
Results: The mean age of the patients in the sample was 68.4±9.8 years. The sample comprised 59.0% females and 41.0% males. Out
of 152 edentulous arches, 75 (49.0%) were mandibular and 77 (51.0%) were maxillary arches. The mean soft tissue thickness was
2.2±0.89 mm. The average bone height from the lower alveolar crest to the mandibular canal was 10.5 mm in the first molar region.
The position of the mental foramen was at 21.1±5.32 mm on the right side and 22.4±4.63 mm on the left from the midline. The bone
height from the floor of the maxillary sinus and the alveolar crest was <5 mm in 73.3% of patients on the right side and 72.0% on the
left side.
Conclusions: Standard conventional implants were possible in the anterior segment and only short implants were possible in the posterior segment for the majority of edentulous Sri Lankan patients without the risk of damaging vital structures and with no additional pre-implant corrective surgical procedures. The average readings of anatomical parameters revealed in this study will be useful in the clinical
and radiographical assessment of edentulous patients for dental implants. (JOURNAL OF DENTAL IMPLANT RESEARCH 2021;40(4):
151-157)
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1)
tures . As such, dental implants are considered an im-

INTRODUCTION

portant element in prosthodontic treatment planning and
In the last 30 years, dental implant-based treatments

clinical management of edentulous patients. Therefore,

have become a valuable treatment option for completely

the radiological assessment of patients awaiting implant

edentulous patients as an alternative to conventional den-

therapy would be of an important tool in the pre-surgical
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assessment of patients. The implant treatment plan would

the patients with single or both complete edentulous

be greatly influenced by the proximity of vital structures

arches were included in the study. Ethical clearance was

such as the mandibular canal, mental foramen, and max-

obtained from the Ethics Review Committee of the

illary sinus to the proposed implant site. The radio-

Faculty of Dental Sciences (ERC No: FDS-FRC/2014/09).

graphic examination would reveal the relationship of

All the digital DPTs had been taken by using Vatech

such vital structures to the implant site. Further, the ra-

Pax-Duo 3D Cone Beam and Panoramic X-Ray machine

diographic examination would also be useful in finding

with standard radiographic exposures and were eval-

other relevant information such as the thickness of the

uated by a specialist with higher training in maxillofacial

soft tissue covering, presence of buried roots and/or im-

radiology. Tools in the radiological imaging software

pacted teeth, bone pathologies, and foreign bodies in rela-

(Ezdent) were used to measure the distances without any

2)
tion to the proposed implant site .

magnification to find out the suitability of these patients

DPT is a cost-effective and relatively “low-dose” radio3)

for implant-supported fixed or removable prosthesis by

logical technique used in routine dental practice . This

taking the following radiographic findings into consid-

technique allows assessing the maxillary and mandibular

eration: 1) the relative thickness of the soft tissue cover-

arches and their supporting structures on a single im-

age of edentulous ridge, 2) the location of the mandibular

4)

age . Therefore, DPTs are considered an imaging modal-

canal in rotation to the first molar region, 3) the position

ity that is readily available, time-saving, having a broader

of the mental foramen 4) available bone height in relation

5)

anatomic coverage and a high patient acceptability .

to the maxillary sinus, 5) presence of buried roots or im-

Further, DPT provides the clinician with better in-

pacted teeth and foreign bodies.

formation about the sinus floor position and the quality

The findings and the measured parameters were

of bone in edentulous regions awaiting implant place-

marked on a pre-designed labeled diagram of the maxilla

5)

ment .

and the mandible (Fig. 1). The midline, mental foramen,

The purpose of this study was to evaluate the suit-

maxillary tuberosity, zygomatic process and canine fossa

ability of clinically edentulous patients for implant ther-

were used as anatomical landmarks for describing the lo-

apy by assessing their preliminary DPT radiological re-

cation of the pathological findings in edentulous arches

cords in relation to the location of vital structures and

when necessary. In particular, the extents of the canine,

available bone in the oro-antral region. The findings of

premolars, and first molar regions were considered to be

this study would be beneficial to select the type of im-

up to 1.5 cm, 2∼2.5 cm, and 3∼3.5 cm from the midline

plant, the number of implants, their locations, the sizes

6)
respectively . Data were entered into an Excel sheet and

of the implants, and the type of the prosthesis.

analyzed by using SPSS version 21 computer software.

MATERIALS AND METHODS
A total of 152 clinically edentulous arches of DPTs of
81 patients were selected for this study. Those radiographs had been taken for different purposes during the
5-year period from 2016 to 2020. Most of these patients
had visited the Department of Prosthetic Dentistry, either
for the fabrication of new removable dentures or for correction of problems associated with their existing dentures.
Poor quality radiographs and the DPTs has taken following surgical or medical interventions less than 6
months were excluded from the study. The DPTs from
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Fig. 1. Pre-designed labeled diagram of the maxilla and the
mandibular area.
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on both sides. The distance from the crest of the alveolar
bone to the inter-alveolar canal in both right and left

The mean age of the study population was 68.4±9.8

sides concerning the first molar region was ＜1 mm in

years with an age range of 45∼96 years. This sample con-

6.4% cases. That distance was 1∼10 mm in 46.8% and

sisted of 59.0% females and 41.0% males. Out of the 152

37.7% in right and left sides respectively. Among 7.8%

edentulous arches, 75 (49.0%) were mandibular and 77

and 15.6% in the sample, the same parameter was be-

(51.0%) were maxillary edentulous arches.

tween 10∼15 mm in right and left sides respectively (Fig.
3).

1. Soft tissue thickness
The mean soft tissue thickness of the first molar region

3. Mental foramen

when all four quadrants were taken together was 2.2±0.89

The horizontal distance from the midline to the mental

mm. The recorded maximum value of the average soft

foramen in right side was 21.1±5.32 mm and 22.4±4.82

tissue thickness was 6.4 mm. Out of all the cases the aver-

mm in left side. The vertical position of the mental fora-

age soft tissue thickness was ＜2 mm in 28.9% (n=44) cas-

men from the alveolar crest was ＜5 mm in 16.0% (n=12)

es, 2∼4 mm in 67.8% (n=103) cases, 4∼6 mm in 2.6%

in right and 10.6% (n=8) in left side; 5∼8 mm in 13.3%

(n=4) and ＞6 mm in 0.7% (n=1) in cases (Fig. 2).

(n=10) similarly in both sides; that figure was in 8∼10
mm in 8.0% (n=6) of right side and 14.6% (n=11) in left

2. Mandibular canal
The location of the mandibular canal was not clear in

side. That parameter was ＞10 mm in 14.6% (n=11) in
right and 16.0% (n=12) in left side. The mental foramina

36.0% on the right side, 38.0% on the left side, and 16.0%

Fig. 2. Distribution of average gingival thickness.

Fig. 4. Vertical position of the mental foramen.

Fig. 3. The location of the inter-alveolar canal.

Fig. 5. The bone height in related to the maxillary sinus.
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were not clear in DPTs of 48.0% (n=36) and 45.3% (n=34)

tic foci, presence of unerupted teeth in relation to the pro-

in right and left sides respectively (Fig. 4).

posed implant site.
There are two gingival biotypes. If the gingival thick-

4. Available bone height

ness is 2 mm or more it is considered a thick biotype and

The bone height in relation to the maxillary sinus was

if it is less than 1.5 mm is a scalloped/thin biotype.

＜5 mm in 73.3% (n=56) in right side and 72.0% (n=55)

Therefore, the soft tissue thickness is directly related to

in left side among reported cases in related to the first

the mucosal biotype. The mucosal biotype is an important

molar region. That parameter was 5∼10 mm in 20.8%

7,8)
factor affecting the implant success . Furthermore, it is

(n=16) with SD±3.2 in right side and 16.9% (n=13) with

the soft tissue thickness that determines the collar height

SD±3.4 in left side. The bone height is ＞10 mm in 6.5%

of the gingival formers (healing abutments) of the im-

(n=5) and 11.7% (n=9) in right and left side respectively

9)
plants during the healing phase .

According to findings of the current study, the overall

(Fig. 5).
The bone heights in relation to the upper and lower

average mucosal thickness at the crest of the alveolar

canines, mandibular symphyseal, and upper first pre-

ridge of the Sri Lankan edentulous patients was 2 mm

molar regions are summarized in Table 1. The average

(28.0% cases) and 4 mm (68.0% cases). A similar study

inter-canine distance is 26 mm in mandibular arches and

on mucosal thickness of the same anatomical locations

35mm in maxillary arches.

using ultrasonography has shown compatible results

10,11)

.

Among the population, 9.7%, 7.2% and 0.7% were hav-

This finding will be useful in determining the heights of

ing completely buried roots, impacted teeth, and foreign

gingival formers (healing abutments) that will be most re-

bodies respectively.

quired for Sri Lankan patients.
The Inferior Dental Nerve (IDN) is one of the most im-

DISCUSSION

portant vital structures in the lower arch. As such, the
Inferior Alveolar Canal (IAC) is considered as an anatom-

Panoramic radiography is a widely used investigation

ical landmark of paramount importance in clinical im-

tool in routine dental screening procedures. Especially in

plant dentistry when it comes to placement of implants

dental implant treatment planning, DPT could be consid-

in the posterior mandible. The position of the IAC is im-

ered the most convenient and widely available prelimi-

portant in deciding the length and the angulation of the

nary assessment tool. DPTs can be used to assess the sta-

posterior mandibular implants. The distant in between

tus of the residual ridge, the position of the maxillary si-

the IAC and the crest of the alveolar bone determines the

nus, mandibular canal, and mental foramen as well as

available bone height.

soft tissue thickness at the proposed implant site. Further,

Results of the present study revealed that the available

DPT would be very useful in finding out the presence of

bone height in the posterior mandible is less than 10 mm

various pre-existing intra-bony pathological lesions, sep-

in 47.0% of the patients in right side and 37.0% in the

Table 1. Bone heights in relation to canines, symphyseal and upper first premolar regions
Bone heights in predicted implant sites (mm)
Mandibular (n=75)

Variables

Maxillary (n=77)
st

Mean
Median
SD
＜10 mm
11∼20 mm
21∼30 mm

Right canine

Symphyseal

Left canine

Right 1
premolar

Right canine

Left canine

Left 1st
premolar

17.4
18.5
5.17
9.3% (n=7)
58.6% (n=44)
32.0% (n=24)

19.2
19.6
4.96
13.3% (n=10)
44.0% (n=33)
42.6% (n=32)

17.2
18.6
5.52
13.3% (n=10)
57.3% (n=43)
29.3% (n=22)

10.6
10.2
3.27
44.1% (n=34)
55.8% (n=43)
0.0% (n=0)

14.7
15.0
3.62
12.9% (n=10)
84.4% (n=65)
2.5% (n=2)

15.0
14.7
3.63
12.9% (n=10)
81.8% (n=63)
5.1% (n=4)

9.8
9.5
3.69
46.7% (n=36)
53.2% (n=41)
0.0% (n=0)
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left sides. Therefore, clinicians will have to settle for im-
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or cantilevered overdentures.

plants of less than 10 mm in managing posterior

The position of the maxillary sinus and available alveo-

mandible. Implants less than 10 mm in length are consid-

lar bone below the sinus floor is the key determinant in

12)

with lesser bone implant contact.

planning implant treatment in the maxillary posterior

Therefore, when short implants are warranted, it is im-

segments. Due to pneumatization following extractions,

portant to consider wider (＞5 mm in diameter) implants

the size and the shape of the maxillary sinus can vary

whenever possible, in order to obtain greater bone im-

considerably in edentulous maxilla. Accordingly, the

plant contact and thereby to achieve a better initial

amount of available bone in between the sinus floor and

stability. Furthermore, “All-On-Four” treatment option

the alveolar crest for placement of implants vary from pa-

should be considered for patients with severely compro-

tient to patient and between different sites of the posteri-

mised posterior ridge. The “All-On-Four” treatment con-

or alveolar segment of the same patient. Depending on

cept was developed to maximize the use of available rem-

the bone height between the floor of the sinus and the

nant bone in atrophic jaws. The protocol uses four im-

alveolar crest in the posterior maxilla, patients can be

plants in the anterior part of complete edentulous jaws

placed into 3 categories; the available bone height (1)

to support either a provisional, fixed or immediate load-

more than 10 mm, (2) between 6 to 9 mm. (3) less than

ered as short implants

13)

ing prosthesis .

5 mm. The implant treatment protocol varies depending

Results of the present study revealed that only a small

on the available bone height. If more than 10mm of bone

number (7.8% and 15.6% in right and left sides re-

is available, then a suitably sized implant can be placed

spectively) of patients were suitable for long implants

without sinus augmentation. If the bone is inadequate

and a majority (＞50%) of Sri Lankan edentulous patients

there are two different techniques of sinus lift to enhance

were suitable only for short implants. The similar find-

13)
the bone volume; direct and indirect . If the bone height

ings were revealed in Nemati and colleagues study al-

is between 6 to 9 mm, then indirect sinus augmentation

14)
so .

and the placement of implant can be done simulta-

The location of the mental foramina has been used to

neously. However, if the available bone height below the

divide the mandible into 3 segments namely, the anterior

sinus floor is less than 5 mm, a direct sinus lift or a

segment and the left and right posterior segments.

2-stage indirect sinus lift should be performed 8 months

According to the Misch-Judy classification, the right and

prior to the placement of the implant.

left posterior segments extend from the mental foramen

However, independent implants and cantilever bars

to the retromolar pad and the anterior segment lies be-

are usually not an option during implant-supported over-

15)

tween the mental foramina . Further, the available bone

dentures in edentulous maxilla due to less bone density

in the anterior mandible has also been divided into five

15)
and severely compromised force directions . Therefore,

equal columns of bone vertically to denote potential im-

only two varieties of overdentures are limited to edentu-

16)

plant sites . Therefore, the location of mental foramina

lous maxilla. These are either, hybrid overdentures with

is an important finding in pre-surgical assessment of the

4∼6 anterior implants and posterior soft tissue supported

mandible in deciding the number, size and angulations

overdentures or fully implant borne overdentures with 7

of implants and the type of implant-supported over-

∼10 anterior and posterior implants. According to the

dentures.

current study, around 82.0% of individuals have 11∼20

In the current study, mental foramina were not clear

mm bone height in relation to their canine regions and

in 45.0% of DPTs making it difficult to identify the 3 seg-

more than 53.0% them have the same amount of bone

ments of the mandible and to decide what type of the

height in their upper first premolar regions (Table 1).

overdenture according to Mish classification. But most

Therefore, when considering the bone availability of this

subjects in the study sample were having substantial

study sample, most of them were suitable candidates for

bone height in the anterior regions making them suitable

the first option while 10.0% of the population indicated

candidates for the long implant-supported conventional

for the second option without sinus augmentation.
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The other extremity of the overdentures for the edentulous mandible is single implant-retained overdenture.
Usually, the single implant is placed in the mandibular
symphyseal region. In the study done by Mahoorkar et
al, the majority of the studies supported the concept of
16)

single implant overdentures . Further, Cheng et al, has
shown significant improvement of all parameters of patient satisfaction and chewing efficiency (P＜0.001 to
0.043) after attachment of the mandibular single implant
17)

retained overdentures . According to the present study,
90.0% of individuals have ＞11 mm bone height in the
mandibular symphyseal region (Table 1). Therefore, con-
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