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Morphometric analysis of maxillary alveolar 
regions for immediate implantation 
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PURPOSE. The purpose of this study was to provide an actual guideline in determining the shape, diameter, and 
position of the implant in immediate implantation by the measurement of the thickness of facial and palatal plate, 
the thickness of cortical bone on the facial and palatal plate, the diameter of the root, and the distance between the 
roots in the cadavers. MATERIALS AND METHODS. The horizontal sections of 20 maxillae were measured and 
analyzed to obtain the average values. Resin blocks were produced and cut serially at 1 mm intervals from the 
cervical line to the root apex. Images of each section were obtained and the following measurements were 
performed: The thickness of the facial and palatal residual bone at each root surface, the thickness of the facial and 
palatal cortical bone at the interdental region, the diameter of all roots of each section on the faciopalatal and 
mesiodistal diameter, and the interroot distance. Three specimens with measurements close to the average values 
were chosen and 3-dimensional images were reconstructed. RESULTS. The thickness of the facial and palatal 
cortical bone at the interdental region in the maxilla, the buccal cortical bone was thicker in the posterior region 
compared to the anterior region. The interroot distance of the alveolar bone thickness between the roots increased 
from anterior to posterior region and from coronal to apical in the maxilla. CONCLUSION. In this study, the limited 
results of the morphometric analysis of the alveolar ridge using the sections of maxilla in the cadavers may offer the 
useful information when planning and selecting optimal implant for immediate implantation in the maxilla. [ J Adv 
Prosthodont 2013;5:494-501]
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INTRODUCTION

According to the original protocol proposed by Brånemark, 
dental implant can be installed in a complete healing state 
after tooth extraction, and this procedure takes about 6 to 
12 months.1,2 However, it was reported that the alveolar 
bone loss occurred in 23% during the initial 6 months after 
extraction and additional bone resorption during 5 years in 
11%.3 To compensate the resorption of  the bone, compli-
cated soft and hard tissue regenerative procedure may be 
required. Immediate implantation was suggested as a com-
plementary procedure against this sequela. This procedure 
reduces the number of  surgical interventions4,5 and pre-
serves the alveolar ridge.6-8 In addition, it is easier to determine 
the location of  implant without surgical guide. However, 
immediate implantation is limited to the cases of  sufficient 
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bone quantity and good soft tissue condition. Indications 
of  immediate placement areas follows; it must not have 
acute infection and any bone resorption around a fresh 
extraction socket. In addition, it should not have endodon-
tic failure, root fracture and resorption.9

In immediate implantation, if  an implant with large 
diameter is used to reduce the coronal gap, there might not 
be sufficient bone from the adjacent implant or the adja-
cent root. On the other hand, if  an implant with a small 
diameter is used, successful osseointegration may not be 
achieved.10

It was stated that adequate apicocoronal placement 
influences the emergence profile of  the superstructure and 
determines the establishment of  the biologic width of  the 
gingiva.11 Accordingly, for the determination of  the natural 
contour, the adequate depth and location of  the fixture 
installation is the aesthetically important factor during the 
immediate implantation. The aim of  the appropriately posi-
tioned fixture installation is to get the easy fabrication of  
the prosthesis, aesthetically ideal results and stable occlusal 
dispersion.12 The best position for implant installation is 
determined by the amount of  existing bone and the relative 
position of  the alveolar bone to the tooth.13

In the process of  the fixture installation, it is also impor-
tant to get enough primary stability.14 Because implant suc-
cess rate increases as the primary stability increases, thereby 
showing better prognosis.15 It was also suggested that the 
stability of  implant consists of  primary and secondary sta-
bility16 and primary stability is determined by the density 
and quantity of  bone, the surgical technique, and implant 

design. 
The purposes of  this study were to elucidate the rela-

tionship between the dental roots and surrounding struc-
tures to verify the topography of  the alveolar bones in 
maxilla for immediate implantation in the maxilla and to 
provide anatomical information of  implant surgical site for 
selecting the immediate implant fixture which has proper 
diameter, shape, and location to get the ideal primary stabil-
ity and marginal gap.

MATERIALS AND METHODS

Jaw cross sections were analyzed in 20 maxillae (14 males, 6 
females; mean age 66.1 years, age range 45-80 years). All 
specimens had normal occlusion and normal teeth align-
ment. Resin blocks were produced by dehydrating the spec-
imens using a conventional method for 3 days before infil-
trating them with a mixture of  Technovit 7200 (No. 51000, 
EXAKT Co., Norderstedt, Germany) and 100% alcohol. 
The infiltrated samples were placed in an embedding mold 
and then polymerized using a light with 450 nm wave 
length in a light-curing unit (520 light polymerization unit, 
EXAKT Co., Norderstedt, Germany) for 1 day. The resin 
blocks were cut serially at 1 mm intervals from the cervical 
line to the root apex using Macro Cutting & Band System 
(300CP, EXAKT Co., Norderstedt, Germany). Images of  
each section were then obtained at a resolution of  600 DPI 
using a computer scanner (Perfection 3490 Photo, EPSON 
Co., Nagano, Japan) and stored in TIF format with high-
quality compression (Fig. 1).

Fig. 1.  Sectioned specimens of the maxillary arch from 1 mm (upper left) to 10 mm (lower right) below the cervical line. 
(A) (upper left): 1 mm below the cervical line, (J) (lower right):10 mm below the cervical line.

Morphometric analysis of maxillary alveolar regions for immediate implantation



496

In the 200 sections of  each maxilla, the following items 
were measured using an image analysis system (Image-
Pro®Plus, ver. 4.0, Media Cybernetics Co., Bethesda, MD, 
USA) after performing a standard calibration (Fig. 2).

1.  The thickness of  the facial and palatal plate at each 
root surface

2.  The thickness of  the facial and palatal cortical bone 
at the interdental region 

3.  The diameter of  all roots of  the each section (facio-
palatal and mesiodistal)

4. The interroot distance

Each three maxillae nearest to the average measurements 
were chosen for the three-dimensional reconstruction. For 
the detailed 3-dimensional object, the image arrangement 
was performed using Photoshop program (Adobe Co., San 
Jose, CA, USA) and ten to thirteen images of  the section 
were opened and superimposed on Photoshop program. To 
standardize the arrangement, the reference was determined 
by the dental root. In the cases of  the multi-rooted regions, 
the reference was determined at the center of  the trifurca-
tion. After the arranged images were exported as a separate 
image, all the images were again imported to Mimics 
(Materialise Co., Leuven, Belgium) for the 3-dimensional 
object making. To distinguish the tooth and bone in the 
sections, those were selected independently by select tool. 
On the 3d studio max (Autodesk Co., San Rafael, CA, USA) 
program, 3-dimensional object was imported, and the final 
rendering was performed after establishment of  material 
quantity and light setting (Fig. 3).

RESULTS

In the maxilla, the facial and palatal plates began to exist 4 
mm above the cervical line of  the tooth. From the maxil-
lary central incisor to the second premolar, the thickness of  
the facial and palatal plate increased and the palatal plates 
were thicker than that of  the facial aspect. In every section 
of  the maxilla, the thickness of  the palatal plate increased 
from the cervical line to the apex, whereas facial plate tended 
to become thicker from the cervical line until 9 mm above 
the cervical line, where the thickness began to decrease, at 
the maxillary central incisor, lateral incisor, canine and 1st 
premolar. At the maxillary incisors, the labial and palatal 
plates of  the central incisor were thicker than those of  the 
lateral incisor. Especially, the labial plate of  the canine was 
remarkably thinner about 0.1-0.6 mm than those of  the 
central and lateral incisor (Table 1).

In the maxilla, the facial cortical bone showed a tenden-
cy to be thicker at the posterior interdental regions than at 
the anterior interdental regions, but the discrepancies in 
measurement were small (2 mm). The palatal cortical thick-
ness of  the maxillary interdental region was thicker in most 
regions (Table 2). 

The root of  the maxillary central incisor became nar-
rower toward to the apex. The sections showing the root 
diameter less than 4 mm located from the level 10 mm and 
8 mm above the cervical line in the labiopalatal and mesio-
distal aspects, respectively. On the other hand, the sections 
showing the root diameter less than 4 mm located 10 mm 
and 5 mm above the cervical line in the labiopalatal and 

Fig. 2. Items of measurements of each sectioned 
specimen. 1: the thickness of the facial and palatal plate 
at each root surface, 2: the thickness of the facial and 
palatal cortical bone at the interdental region, 3: the 
diameter of all roots of the each section (faciopalatal and 
mesiodistal), 4: the interroot distance. 

Fig. 3. Three-dimensional reconstruction of the 
specimens of maxilla. (A) a view from apex to coronal, 
(B) lateral view, (C) posterior view, (D) anterior view.
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mesiodistal aspects, respectively in the lateral incisor. At the 
maxillary canine sections 12 mm above the cervical line, the 
root diameter became narrow less than 4 mm. At the first 
and second premolar sections, the diameter of  the root 
became narrow less than 4 mm from the level 11 mm and 3 
mm above the cervical line in the buccopalatal and mesio-
distal aspects, respectively. In cases of  bifurcated premolars, 

both the buccal and palatal roots became narrow less than 4 
mm from the level 5 mm above the cervical line in the buc-
copalatal and mesiodistal aspects, respectively. At the maxil-
lary first and second molar, the diameter of  the mesiobuc-
cal and distobuccal roots became narrow less than 4 mm 
from the level 10 mm and 8mm above the cervical line, and 
all the mesiodistal diameters were measured below 4 mm. 

Table 1.  The average thickness of the facial and palatal plate at each maxillary root surface 

Distance from cervical line (mm)

1 2 3 4 5 6 7 8 9 10 11 12

Teeth

CI (1)
La 0.0 0.0 0.0 0.8 0.9 1.1 1.2 1.4 1.2 1.1

P 0.0 0.0 0.0 2.1 2.4 3.3 4.5 5.2 5.9 6.6

LI (2)
La 0.0 0.0 0.0 0.8 1.0 1.2 1.1 1.3 0.9 0.8 1.1

P 0.0 0.0 0.0 1.9 2.3 2.9 3.6 4.1 4.9 5.5 6.3

C (3)
La 0.0 0.0 0.0 0.6 0.8 1.0 0.8 0.9 0.8 0.6 0.5 0.4

P 0.0 0.0 0.0 1.3 1.8 2.3 2.9 3.7 4.3 4.9 6.1 7.0

FP (4)
B 0.0 0.0 0.0 1.2 1.3 1.4 1.4 1.4 1.2 0.9 0.8 0.7

P 0.0 0.0 0.0 1.5 1.8 2.3 2.9 3.5 4.4 5.3 6.6 7.8

SP (5)
B 0.0 0.0 0.0 2.0 2.2 2.4 2.4 2.5 2.4 2.4 1.5 1.7

P 0.0 0.0 0.0 2.1 2.7 3.0 3.6 3.8 4.6 5.1 6.5 8.2

FM (6)

MB 0.0 0.0 0.0 1.1 1.1 1.2 1.2 1.1 1.0 1.2 1.8

DB 0.0 0.0 0.0 1.6 1.5 1.4 1.3 1.1 1.2 1.6

P 0.0 0.0 0.0 1.0 1.0 1.1 1.4 1.6 1.9 2.2 3.2

SM (7)

MB 0.0 0.0 0.0 0.0 2.0 2.9 3.0 3.2 3.3 3.5 3.4 3.7

DB 0.0 0.0 0.0 0.0 1.6 2.2 2.3 2.7 2.8 2.8 3.2 3.6

P 0.0 0.0 0.0 0.0 1.0 1.2 1.3 1.9 2.2 2.3 2.7

CI (1): central incisor, LI (2): lateral incisor, C (3): canine, FP (4): first premolar, SP (5): second premolar, FM (6): first molar, SM (7): second molar, La: labial, B: buccal,   
P: palatal, MB: mesiobucccal, DB: distobuccal aspect.

Table 2.  The average thickness of the facial and palatal cortical bone at the interdental region of the maxilla

Distance from cervical line (mm)

1 2 3 4 5 6 7 8 9 10 11 12

Teeth

CI-LI
(1-2)

La 0.0 0.0 0.0 0.6 1.2 1.4 1.7 1.7 1.6 2.3

P 0.0 0.0 0.0 2.4 2.0 2.2 2.1 1.7 2.0 1.7

LI-C
(2-3)

La 0.0 0.0 0.0 0.9 1.8 1.4 1.5 1.6 1.5 1.6 2.3 2.2

P 0.0 0.0 0.0 2.7 2.6 2.4 2.3 1.9 2.0 1.8

C-FP
(3-4)

La 0.0 0.0 0.0 2.0 1.5 1.3 1.4 1.6 1.4 1.3 1.5

P 0.0 0.0 0.0 2.8 2.6 2.5 2.5 2.5 1.9 2.1 1.7

FP-SP
(4-5)

B 0.0 0.0 0.0 1.8 1.4 1.2 1.5 1.5 1.4 1.5 1.2 1.7

P 0.0 0.0 0.0 2.3 2.3 2.2 2.1 2.2 1.8 2.0 2.3 1.9

SP-FM
(5-6)

B 0.0 0.0 0.0 1.4 1.4 1.1 1.3 1.4 1.4 1.3 1.0 1.0

P 0.0 0.0 0.0 2.1 2.2 2.1 2.0 2.3 2.1 1.8 2.5 2.0

FM-SM
(6-7)

B 0.0 0.0 0.0 0.0 2.0 1.6 1.3 1.6 1.1 1.4 1.2 1.3

P 0.0 0.0 0.0 1.3 1.8 1.5 1.6 1.9 1.6 1.9 2.3 2.2

CI (1): central incisor, LI (2): lateral incisor, C (3): canine, FP (4): first premolar, SP (5): second premolar, FM (6): first molar, SM (7): second molar, La: labial, B: buccal,          
P: palatal aspect.

Morphometric analysis of maxillary alveolar regions for immediate implantation



498

On the other hand, the palatal roots became narrow less 
than 4 mm from the level 5 mm the above the cervical line 
in the buccopalatal aspect and from the level 10mm and 
8mm, respectively above the cervical line in the mesiodistal 
aspects (Table 3 and Table 4).

The interroot distance on each sectioned specimen 
increased from anterior to posterior teeth and from the cer-
vical line to the root apex in the maxilla (Tables 5). In the 
maxilla, the interroot distance was greatest between the sec-
ond premolar and the first molar. The interroot distance at 

Table 3.  The average faciopalatal and mesiodistal diameters of single root of each section in the maxilla

Distance from cervical line (mm)

1 2 3 4 5 6 7 8 9 10 11 12

Teeth

CI (1)
La-P 7.5 7.1 7.0 6.5 6.2 6.0 5.4 5.0 4.2 3.6 3.8 

M-D 6.1 6.0 5.7 5.4 5.2 4.8 4.3 3.8 3.3 3.1 2.9 

LI (2)
La-P 6.5 6.3 6.3 6.5 6.4 6.1 5.6 5.1 4.5 3.8 3.4 

M-D 4.8 4.5 4.3 4.2 3.9 3.7 3.4 3.1 2.7 2.4 1.9 

C (3)
La-P 8.1 8.0 8.0 7.9 7.8 7.5 7.2 6.9 6.5 6.1 5.6 4.8 

M-D 5.6 5.5 5.4 5.1 5.0 4.7 4.6 4.4 4.2 4.1 4.2 3.7 

FP (4)
B-P 8.4 8.4 8.1 7.9 7.3 6.9 6.5 5.9 5.3 4.9 3.8 2.9 

M-D 4.5 4.1 3.8 3.6 3.4 3.2 3.0 2.7 2.5 2.4 2.3 2.0 

SP (5)
B-P 8.1 7.9 7.6 7.3 6.9 6.4 5.9 5.4 4.7 4.2 3.5 3.2 

M-D 4.2 3.9 3.6 3.4 3.4 3.2 3.2 2.9 2.7 2.5 2.6 2.2 

FM (6)
B-P 10.0 10.3 10.5 10.6 10.2 1.2 1.2 1.1 1.0 1.2 1.8

M-D 7.3 7.1 7.2 7.0 6.8 

SM (7)
B-P 10.6 10.3 10.2 10.0 9.8 9.7 9.2 9.3 9.1 8.7 3.4 3.7
M-D 7.2 7.1 6.7 6.5 6.0 6.1 5.6 5.3 4.9 4.6 4.3 

CI (1): central incisor, LI (2): lateral incisor, C (3): canine, FP (4): first premolar, SP (5): second premolar, FM (6): first molar, SM (7): second molar, La-P: labiopalatal 
diameter, B-P: buccopalataldiameter, M-D: mesiodistal diameter.

Table 4.  The average buccopalatal and mesiodistal diameters of multi-roots of each section in the maxilla

Distance from cervical line (mm)

1 2 3 4 5 6 7 8 9 10 11 12

Teeth

FP (4)-B
B-P 3.8 3.5 3.2 3.0 2.7 2.4 

M-D 3.7 3.6 3.5 3.2 2.7 2.4 

FP (4)-P
B-P 3.8 3.5 3.0 2.8 2.4 2.1 

M-D 3.5 3.3 3.1 2.6 2.3 2.1 

FM (6)-MB
B-P 5.9 6.3 6.3 5.9 5.6 5.0 4.7 3.6 2.1 

M-D 3.2 3.1 3.0 3.0 2.9 2.7 2.6 2.2 1.7 

FM (6)-DB
B-P 4.8 4.9 4.9 4.5 4.2 3.7 3.5 2.8 

M-D 3.1 3.2 3.1 2.9 2.7 2.5 2.4 2.1 

FM (6)-P
B-P 4.1 4.2 3.8 3.7 3.5 3.3 3.2 3.0 2.5 

M-D 5.4 5.1 5.2 5.0 4.8 4.4 4.0 3.6 3.0 

SM (7)-MB
B-P 6.3 5.9 5.6 5.6 5.1 4.6 3.5 4.1 

M-D 3.4 3.1 3.0 2.9 2.7 2.6 2.3 2.4 

SM (7)-DB
B-P 4.7 4.3 4.1 4.2 3.8 3.5 3.1 2.7 

M-D 3.2 3.0 2.8 2.7 2.5 2.4 2.2 2.4 

SM (7)-P
B-P 4.3 3.9 3.5 3.4 3.1 2.7 2.5 2.9 

M-D 5.0 4.9 4.4 4.0 3.9 3.5 2.9 3.5 

CI (1): central incisor, LI (2) : lateral incisor, C (3) : canine, FP (4) : first premolar, SP (5) : second premolar, FM (6): first molar, SM (7): second molar, B-P: buccopalatal 
diameter, M-D: mesiodistal diameter, MB: mesiobucccal, DB: distobuccal, P: palatal root.
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the maxillary anterior teeth exceeded 3 mm from 7 and 9 
mm above the cervical line on the buccal and palatal sides, 
respectively. In maxillary posterior teeth, the interroot dis-
tance exceeded 3 mm from 3 and 2 mm above the cervical 
line on the buccal and palatal sides, respectively.

DISCUSSION 

In the present study, the horizontal cross sections of  the 
maxilla were analyzed and three-dimensional reconstruc-
tions were obtained from the average values of  the bucco-
palatal thickness of  the alveolar bone of  each root, the 
thickness of  the interradicular alveolar bone, width of  the 
root, and the interradicular distance measured. Based on 
the results, the selection of  the shape, diameter, and posi-
tion of  implants to be placed in different regions of  the 
maxilla can be recommended. 

Since the average labiopalatal width of  root of  the max-
illary central incisor 4 mm below the cervical line was 6.5 
mm, a space of  2.5 mm in width is created when placing a 
4 mm implant as far palatal as possible in this region. The 
maximum amount of  space between implant fixtures and 
bone in which spontaneous healing can occur has been 
reported to be from 1.4 mm17 to 2.5 mm.18 Also, it has been 
reported that adding bone graft material to areas with thin 
facial bone such as the anterior region aids in maintaining 
the contours of  the alveolar bone.11 Therefore, considering 
the fact that a 2.5 mm space would be gained according the 
results of  this study, bone grafting may be considered as an 
option for preserving facial bone.

The amount of  labial alveolar bone of  the maxillary lat-
eral incisors was similar to that of  the maxillary central inci-
sors, and while the labiopalatal width of  the root at the cer-
vical line was narrower, it was comparable to that of  the 
central incisors 4 mm below the cervical line. The maxillary 
canine had less labial alveolar bone than the central incisors, 
and had a significantly lower amount 8 mm below the cer-
vical line. Since the average mesiodistal width of  the root 
of  the maxillary central incisor was 5.4 mm at 4 mm below 

the cervical line, placing a 4 mm implant can create space 
mesiodistally as well as labiopalatally. Therefore, a 5 mm 
implant may be considered in order to achieve adequate ini-
tial stability. While in the past fixtures with large diameters 
were recommended for immediate implantation, such 
approach may cause thinning of  the labial bone, leading to 
labial marginal bone loss. Therefore, it is necessary to con-
sider a selective approach considering long-term esthetics. 
Also, placing an implant fixture that is substantially larger in 
diameter than that of  the root in the maxillary incisor 
region may leave an inadequate amount of  bone between 
the fixture and the root of  the adjacent tooth, as the mesio-
distal width of  the alveolar bone of  the maxillary incisors 4 
mm below the cervical line is 1.8 to 2.3 mm. 

It was suggested that an implant to be placed 3 to 4 mm 
below the facial cementoenamel junction of  the adjacent 
teeth to restore the emergence profile, prevent soft tissue 
recession, and preserve the supporting tissue the adjacent 
teeth.19 The apicocoronal depth at which the mesiodistal 
width of  the root becomes less than 4 mm was 8 mm below 
the cervical line for the maxillary central incisors, 5 mm 
below the cervical line for the maxillary lateral incisors. 
Therefore, placing a straight form implant with a diameter 
of  4 mm at the level of  4 mm below the cervical line would 
begin to gain the anchorage at 4 mm and 1 mm below the 
top of  the implant fixture, respectively. On the other hand, 
placing a straight form implant with a diameter of  5 mm 
from the level of  4 mm below the cervical line for the max-
illary central incisors and canines can get the anchorage at 2 
mm below the top of  the implant fixture in both regions.

Implants can be classified into straight or tapered by 
shape. While straight implants are placed so that initial sta-
bility is attained at 3 to 5 mm past the level of  the apex,20 
tapered implants conform to the contours of  the extraction 
socket and thus achieve good osseointegration, obviating 
the need for placement 3-5 mm past the level of  the apex. 
Also, because labial bone is thin in the maxillary incisor 
region and further decreases apically, incorporating tapered 
implants and placing them at a labial inclination may be a 

Table 5.  The average interroot distance in each section of the maxilla

Distance from cervical line (mm)

1 2 3 4 5 6 7 8 9 10 11 12

Teeth

CI-LI (1-2) 1.4 1.6 1.7 1.8 1.9 2.1 2.3 2.5 2.7 2.9 

LI-C (2-3) 1.7 1.9 2.1 2.2 2.3 2.5 2.6 2.8 3.1 3.3 2.9 

C-FP (3-4) 1.9 2.2 2.2 2.3 2.4 2.5 2.7 2.8 2.9 2.9 2.8 3.1 

FP-SP (4-5) 2.3 2.7 2.8 3.0 3.0 3.0 3.1 3.2 3.5 3.6 3.5 4.2 

SP-FM (5-6) 2.5 2.8 2.9 2.9 3.1 3.3 3.6 3.9 4.0 4.3 4.4 

FM-SM (6-7) 2.1 2.6 2.7 2.5 2.3 2.4 2.6 2.8 3.1 3.7 4.7 

CI (1): central incisor, LI (2): lateral incisor, C (3): canine, FP (4): first premolar, SP (5): second premolar, FM (6): first molar, SM (7): second molar.
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suitable approach.
The facial alveolar bone of  the maxillary first premolars 

showed a decreasing tendency similar to the canines at 10 
mm below the cervical line. The maxillary premolars had 
two roots buccopalatally with similar widths. Septal bone 
was detected 5 mm below the cervical line, and had a buc-
copalatal width of  1.1 mm coronally, increasing to 2.6 mm 
10 mm apical to the cervical line. Because the maxillary first 
premolar has thinner buccal and mesial bone than the max-
illary second premolar, a 4.5 mm implant would be more 
suitable than a 5 mm implant. Compared to the maxillary 
incisors, the maxillary premolars have sufficient bone 
around their roots on every side, possibly making them 
suitable sites for straight implants. Placing implants in the 
septal bone of  the maxillary premolar region has been rec-
ommended, but the clinician must be cautious as the septal 
bone may be lost during the drilling procedure, thus increas-
ing the dimension of  the peri-implant defect and serving as 
a factor that interrupts healing.21

To avoid cantilever effects and produce esthetic results, 
implants must be placed in the location of  the central fossa 
in the case of  maxillary molars. We believe that to attain 
solid initial stability in the maxillary molar region, an 
implant of  about 6.5 mm in diameter in the cervical region 
that tapers down to the furcation area after which it runs 
parallel like a straight implant would be the ideal form. 

Ideally, immediate implantation in the molar region 
should be performed in the septal bone area to prevent the 
cantilever phenomenon and achieve good esthetics. However, 
when there is inadequate septal bone due to minimal root 
divergence, delayed implantation may be preferable to 
immediate implantation.

It had been reported that bundle bone was resorbed 
quickly whereas cortical bone resisted resorption in the 
resorption and remodeling phase of  the extraction socket.22 
Taking this into consideration, we attempted to measure 
the dimensions of  both types of  bone on the buccopalatal 
sides of  the root, but failed to do so as it was not possible 
with the specimens used in this particular study. However, 
we believe that making a general prediction on the degree 
and pattern of  resorption would be possible with either his-
tologic specimens or methods which can selectively mea-
sure the two kinds of  bone.

Because the present study measured dentulous regions 
from the normal cadavers, it is not applicable to teeth 
extracted due to chronic periodontitis. However, the mea-
surements of  the buccopalatal thickness of  the alveolar 
bone of  teeth, width of  interradicular bone, and thickness 
of  the cortical bone obtained in the present study may be 
employed as a clinical guideline for immediate implantation. 

CONCLUSION 

Within the limitation of  this study, the morphometric anal-
ysis on the sections of  the maxillary alveolar ridge may be 
utilized as a guideline when planning and selecting optimal 
implant for immediate implantation in the maxilla.

REFERENCES

 1. Akimoto K, Becker W, Persson R, Baker DA, Rohrer MD, 
O’Neal RB. Evaluation of  titanium implants placed into simu-
lated extraction sockets: a study in dogs. Int J Oral Maxillofac 
Implants 1999;14:351-60.

 2. Zarb GA, Schmitt A. The longitudinal clinical effectiveness 
of  osseointegrated dental implants: the Toronto study. Part I: 
Surgical results. J Prosthet Dent 1990;63:451-7.

 3. Carlsson GE, Bergman B, Hedegård B. Changes in contour 
of  the maxillary alveolar process under immediate dentures. 
A longitudinal clinical and x-ray cephalometric study cover-
ing 5 years. Acta Odontol Scand 1967;25:45-75.

 4. Lazzara RJ. Immediate implant placement into extraction 
sites: surgical and restorative advantages. Int J Periodontics 
Restorative Dent 1989;9:332-43.

 5. Parel SM, Triplett RG. Immediate fixture placement: a treat-
ment planning alternative. Int J Oral Maxillofac Implants 
1990;5:337-45.

 6. Denissen HW, Kalk W, Veldhuis HA, van Waas MA. 
Anatomic consideration for preventive implantation. Int J 
Oral Maxillofac Implants 1993;8:191-6.

 7. Sclar A. Ridge Preservation for Optimum Esthetics and 
Function: The “Bio-Col” Technique. Postgrad Dent 1999;6: 
3-11.

 8. Watzek G, Haider R, Mensdorff-Pouilly N, Haas R. Immediate 
and delayed implantation for complete restoration of  the jaw 
following extraction of  all residual teeth: a retrospective 
study comparing different types of  serial immediate implan-
tation. Int J Oral Maxillofac Implants 1995;10:561-7.

 9. Koh RU, Rudek I, Wang HL. Immediate implant placement: 
positives and negatives. Implant Dent 2010;19:98-108.

10. Oakley E, Rhyu IC, Karatzas S, Gandini-Santiago L, Nevins 
M, Caton J. Formation of  the biologic width following crown 
lengthening in nonhuman primates. Int J Periodontics 
Restorative Dent 1999;19:529-41.

11. Novaes AB Jr, Novaes AB. IMZ implants placed into extrac-
tion sockets in association with membrane therapy (Gengiflex) 
and porous hydroxyapatite: a case report. Int J Oral Maxillofac 
Implants 1992;7:536-40.

12. Werbitt MJ, Goldberg PV. The immediate implant: bone 
preservation and bone regeneration. Int J Periodontics 
Restorative Dent 1992;12:206-17.

13. Klokkevold PR, Han TJ, Camargo PM. Aesthetic manage-
ment of  extractions for implant site development: delayed 
versus staged implant placement. Pract Periodontics Aesthet 
Dent 1999;11:603-10.

14. Juodzbalys G. Instrument for extraction socket measurement 
in immediate implant installation. Clin Oral Implants Res 
2003;14:144-9.

15. Meredith N. Assessment of  implant stability as a prognostic 
determinant. Int J Prosthodont 1998;11:491-501.

16. Zarb GA, Schmitt A. Osseointegration and the edentulous 
predicament. The 10-year-old Toronto study. Br Dent J 1991; 
170:439-44.

17. Akimoto K, Becker W, Persson R, Baker DA, Rohrer MD, 
O’Neal RB. Evaluation of  titanium implants placed into simu-

J Adv Prosthodont 2013;5:494-501



The Journal of Advanced Prosthodontics    501

lated extraction sockets: a study in dogs. Int J Oral Maxillofac 
Implants 1999;14:351-60.

18. Paolantonio M, Dolci M, Scarano A, d’Archivio D, di Placido 
G, Tumini V, Piattelli A. Immediate implantation in fresh ex-
traction sockets. A controlled clinical and histological study 
in man. J Periodontol 2001;72:1560-71.

19. Saadoun AP, Sullivan DY, Krischek M, Le Gall M. Single 
tooth implant-management for success. Pract Periodontics 
Aesthet Dent 1994;6:73-80.

20. Salama H, Salama M. The role of  orthodontic extrusive re-
modeling in the enhancement of  soft and hard tissue profiles 
prior to implant placement: a systematic approach to the 
management of  extraction site defects. Int J Periodontics 
Restorative Dent 1993;13:312-33.

21. Block MS, Kent JN. Placement of  endosseous implants into 
tooth extraction sites. J Oral Maxillofac Surg 1991;49:1269-
76.

22. Araújo MG, Sukekava F, Wennström JL, Lindhe J. Ridge al-
terations following implant placement in fresh extraction 
sockets: an experimental study in the dog. J Clin Periodontol 
2005;32:645-52.

Morphometric analysis of maxillary alveolar regions for immediate implantation


