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1. Contextualizacao
As tabelas a seguir descrevem o0s principais artigos da literatura acerca das

mudancas dimensionais apds a exodontia em humanos.



Re-entry surgery

Study Study design Aim Evaluation Material n Healing time
Tomasi et Prospective Evaluate bone dimensional variations  Measurements 93 4 months after
al. 2010  study at implants placed in fresh extraction at re-entry implant

sockets surgery installation in

fresh sockets

Hyunh-Ba Prospective Analysis of the socket bone wall Measurements 93 4 months after
et al. 2009 study dimensions in the upper maxilla in at re-entry implant
relation to immediate implant surgery installation in
placement fresh sockets
Lecovik et Pilot study Evaluate a bone regenerative Re-entry Polytetrafluoroeth 20 6 months
al. 1997 approach to alveolar ridge surgery and ylene (ePTFE) extraction
maintenance following tooth extraction. model membrane sockets: 10
measurements ePTFE, 10
control
Lecovik et RCT Evaluate effectiveness of biabsorbable Re-entry Membrane of 32 6 months
al. 1998 membrane in preserving alveolar ridge surgery glycolide and extraction
after tooth extraction. lactide polymers sockets: 16
test and 16

control




Re-entry surgery

Resultados Buccal bone thickness Conclusao

It was demonstrated that (i) the outer bony crest change was significantly affected Influenced the outer bony  Clinicians must consider the thickness of the buccal
by the thickness of the bone crest; (i) the size of the residual gap was dependent crest change, the size of  bony wall in the extraction site and the vertical as

of the size of the initial gap and the thickness of the bone crest; and (iii) the the residual gap, and well as the horizontal positioning of the implant in the
reduction of the buccal vertical gap was dependent on the age of the subject. positioning of the implant  socket, because these factors will influence hard
Moreover, the position of the implant opposite the alveolar crest of the buccal tissue changes during healing.

ridge and its bucco-lingual implant position influenced the amount of buccal crest

resorption.

The mean width of the buccal and palatal bony walls was 1 and 1.2 mm, In the anterior sites, 87% The data suggested that in the majority of extraction
respectively (P<0.05). For the anterior sites (canine to canine), the mean width of  of the buccal bony walls sites in the anterior maxilla, thin ( < 1 mm) buccal
the buccal bony wall was 0.8 mm. For the posterior (premolar) sites, it was 1.1 had a width £ 1 mm walls were present. This, in turn, means that in most
mm (P<0.05). In the anterior sites, 87% of the buccal bony walls had a width < 1 clinical situations encountered, augmentation

mm and 3% of the walls were 2 mm wide. In the posterior sites, the corresponding procedures are needed to achieve adequate bony
values were 59% and 9%, respectively. contours around the implant.

Results demonstrate better ridge dimensions at experimental sites than control The studied technique demonstrates predictable
(p<0.05) alveolar ridge maintenance enhancing the bone

quality for dental implant procedures.

Test groups presented less loss of alveolar bone height, more internal socket bone The tested membrane is a valuable treatment option
fill, and less horizontal resorption of the alveolar ridge. in preserving alvolar bone after toth extraction.




Cast model i
Study Study design Aim Evaluation n Healing time |
Covani etal. Longitudinal study Analysis of the pattern of the alveolar ridge = The amount of alveolar crest 50 6 months i
2011 remodelling following single tooth extraction remodelling was assessed on patients }
standardized photos of study i

model :

|

Carlsson et  Longitudinal study Compare the effects of denture usage casts of complete edentulous 50 5 years i
al. 1967 installed 2 months and immediately after patients + cephalometric xrays patients E
|

i

extraction.




thereafter; the reduction continued at a steady rate forup to 5

Cast model
Results Conclusion !
The buccal re- absorption was 19.4 +- 9.4% at mesial point, 39.1 +- This study confirmed that buccal wall tends to re-absorb after the extraction according to i
10.4% at midpoint and 20.3 +- 10.7% at distal level. Moreover, the a specific pattern. Thus, the re-absorption at the midpoint represent the double of bone |
shift of the alveolar crest was 59.1 +- 11.2% at mesial point, 64.8 +- loss at the distal and the mesial points. Furthermore, we have observed first how the i
10.5% at the midpoint and 56 +- 12.5% at distal point. alveolar crest shifts placing along the more lingual/palatal line which divides the original |
alveolar crest into three parts. E
|
Relatively rapid reduction in the first 6 months in both vertical Major bone changes occurs in the first 6 months and, after this period, continues in a i
and horizontal dimension, followed by a gradual reduction slower late i
|
!

years




Histological analysis

Study Study design Aim Evaluation Material n Healing time
Crespietal. RCT split Comparison of magnesium-enriched hydroxyapatite Histological Magnesium- 45 extraction 4 months
2011 mouth (MHA) and porcine bone (PB) in human extraction enriched sockets: 15 MHA,

socket healing by histologic and histomorphometric hydroxyapatite 15 PB, 15 control

analysis. and porcine bone
Aimetti etal. RCT Evaluate if placement of medica-grade calcium Histological and medica-grade 40 patients: 3 months
2009 sulfate hemihydrate (MGCSH) in fresh sockets affect clinical calcium sulfate 22MGCSH, 18

quality of newly bone formation and crestal bone hemihydrate control

changes
Baroneetal. RCT To compare the bone dimensional changes following Histological and Porcine bone 40 patients: 20 test 7 months
2008 tooth extraction with extraction plus ridge clinical group (RP), 20

preservation using corticocancellous porcine bone
and a collagen membrane; and to an- alyze and
compare histologic and histomorphometric aspects
of the extraction-alone sites to the grafted sites.

control (EXT)



Histological analysis |

Results Height Width Conclusion
Absence of inflammatory cells, bone formation in all treated sites, and the presence of Histologic examination showed the
biomaterial particles and connective tissue. Mean vital bone measurements for control same biologic behavior in bone
groups was 30.3% * 4.8%, respectively. Statistically significant differences were found formation and resorption processes
between the MHA and control groups and between the PB and control groups; differences for the two examined biomaterials.
between the MHA and PB groups were not significant.
Vertical resorption of the buccal socket walls and reduction of the buccopalatal width were 1.2mm 3.2mm MGCSH seems to be effective in
more pronounced at control sites than at MGCSH sites (1.2 mm vs 0.5 mm, and 3.2 mmvs reduction on reduction accelerating the bone healing
2.0 mm, respectively). Formation of 100% living trabecular bone with woven and lamellar  buccal bone process and minimizing alveolar
arrangements was found in both test and control sections. The average trabecular bone and 0.9mm ridge resorption in intact fresh
area fraction was greater in the grafted specimens than in control specimens (58.8% vs reduction on extraction sockets.

47.2%). In the test group, the average percentage of lamellar bone increased from 16.4%  palatal bone
to 43.6% from the crestal to the apical region and was greater than in unfilled specimens
(11.1% coronally, 22.2% apically; P <.0001).

A significantly greater horizontal reabsorption was observed at EXT sites (4.3 £ 0.8 mm) 3.6mm 4.3mm The use of porcine bone in
compared to RP sites (2.5 £ 1.2 mm). The ridge height reduction at the buccal side was 3.6 reduction at reduction combination with collagen

+ 1.5 mm for the extraction-alone group, whereas it was 0.7 £ 1.4 mm for the ridge- buccal wall, membrane significantly limited the
preservation group. Moreover, the vertical change at the lingual sites was 0.4 mm in the 3mm resorption of hard tissue ridge after
ridge-preservation group and 3 mm in the extraction-alone group. Forty biopsies were reduction at tooth extraction compared to
harvested from the experimental sites (test and control sites). The biopsies har- vested palatal wall extraction alone. Furthermore, the
from the grafted sites revealed the presence of trabecular bone, which was highly histologic analysis showed a
mineralized and well structured. Particles of the grafted material could be identified in all significantly higher percentage of
samples. The bone formed in the con- trol sites was also well structured with a minor trabecular bone and total
percentage of mineralized bone. The amount of connective tis- sue was significantly higher mineralized tissue in ridge-

in the extraction-alone group than in the ridge-preservation group. preservation sites compared to

extraction-alone sites 7 months after
tooth removal.



Histological analysis

Study Study design Aim Evaluation Material n Healing time
Crespietal. RCT split Comparison of magnesium-enriched hydroxyapatite Histologicaland Magnesium- 45 extraction 3 months
2009 mouth (MHA) and calcium sulfate (CS) in human extraction radiographic enriched sockets: 15 MHA,

socket healing by histologic and histomorphometric hydroxyapatite 15 CS, 15 control

analysis. and calcium sulfate
lasellaetal. RCT determine whether ridge preservation would Histological and Tetracycline 24 patients: 12 6 months
2003 prevent post-extraction resorptive changes as clinical hydrated freeze- extraction-alone

assessed by clinical and histologic parameters.

dried bone
allograft (FDBA)
and a collagen
membrane

group (EXT), 12
ridge
preservation (RP)
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Histological analysis

Results Height Width Conclusion
Histologic examination revealed bone formation in all treated sites; trabecular bone 3.75 Radiographs revealed a greater
assessment did not differ among apical, mesial, and coronal portions of the specimens. reduction - reduction of alveolar ridge in the CS
Mean vital bone measurements for CS, MHA, and C groups were 45.0% * 6.5%, 40.0% * intraoral X- group than in the MHA group.
2.7%, and 32.8% + 5.8%, respectively. Statistically significant differences (P <0.05) were ray Histologic examination showed
found among all groups. Connective tissue percentages averaged 41.5% + 6.7% for the CS more bone formation and faster
group, 41.3% + 1.3% for the MHA group, and 64.6% * 6.8% for the C group. Statistically resorption in the CS group and more
significant differences (P <0.05) were found between CS and C groups and between MHA resid- ual implant material in the
and C groups. The CS-grafted sockets showed 13.9% + 3.4% residual implant material, MHA group
whereas the MHA-treated sockets showed 20.2% * 3.2% residual material. The difference
between the groups was statistically signif- icant (P <0.05).
The width of the RP group decreased from 9.2 + 1.2 mm to 8.0 £ 1.4 mm (P <0.05), while 0.9mm 2.6mm Ridge preservation using FDBA and a

the width of the EXT group decreased from 9.1+ 1.0 mm to 6.4 + 2.2 mm (P <0.05), a
difference of 1.6 mm. Both the EXT and RP groups lost ridge width, although an improved
result was obtained in the RP group. Most of the resorption occurred from the buccal;
maxillary sites lost more width than mandibular sites. The vertical change for the RP group
was a gain of 1.3 £ 2.0 mm versus a loss of 0.9 + 1.6 mm for the EXT group (P <0.05), a
height difference of 2.2 mm. Histologic analysis revealed more bone in the RP group:
about 65 + 10% versus 54 £ 12% in the EXT group. The RP group included both vital bone
(28%) and non- vital (37%) FDBA fragments.

buccaland  reduction
0.4mm

lingual

reduction

collagen membrane improved ridge
height and width dimensions when
compared to extraction alone. These
dimensions may be more suitable
for implant place- ment, especially in
areas where loss of ridge height
would compromise the esthetic
result. The quantity of bone
observed on histologic analysis was
slightly greater in preservation sites,
although these sites included both
vital and non-vital bone.
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Histological analysis

1

|

Study Study design Aim Evaluation Material n Healing time i
Pelegrineet  RCT Evaluate effectiveness of biabsorbable membrane in Histological and Autologous bone  30teeth:15test 6 months :
al. 2010 preserving alveolar ridge after tooth extraction. re-entry surgery marrow graft and 15 control I
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

:

|

|

|

Biopsies of :

extraction :

sockets at i

Amler etal. Descriptive  Describe alveolar healing after tooth extractionina  different :
|

|

1960 study histological perspective periods of time
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Histological analysis

Results Height Width Conclusion
The test group showed better results (P<0.05) in preserving alveolar ridges for thickness, 1.17 mm 2.46mm The tested membrane is a valuable
with 1.14 +- 0.87 mm (median 1) of bone loss, compared with the control group, which reductiom reduction treatment option in preserving

had 2.46 +- 0.4 mm (median 2.5) of bone loss. The height of bone loss on the buccal plate
was also greater in the control group than in the test group (P<0.05), 1.17 +- 0.26 mm
(median 1) and 0.62 +- 0.51 (median 0.5), respectively. In five locations in the control
group, expansion or bone grafting complementary procedures were required to install
implants while these procedures were not required for any of the locations in the test
group. The histomorphometric analysis showed similar amounts of mineralized bone in
both the control and the test groups, 42.87 +- 11.33% (median 43.75%) and 45.47 +- 7.21%
(median 45%), respectively.

alvolar bone after toth extraction.

After extraction a blood clot prontly filled the extraction socket. After 7 days, the clot was
replaced with granulation tissue. After 20 days, the granulation tissue was replaced by
collagen, and bone began forming at the base and the periphery of the extraction socket.
At 5 weeks, Amler estimated that on average two-thirds of the extraction socket had filled
with bone. Epithelium was found to require a minimum of 24 days to completely cover the
extraction socket, with some extraction sites requiring up to 35 days to completely cover
the socket.
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X-ray analysis

Study Study design Aim Evaluation Material n Healing time
Movya-Villaescusa Prospective study Measurement of ridge periapical X-ray 100 teeth 3 months
et al. 2010 alterations following tooth
removal
Brautetal. 2011 Transversal study Analyse thickness of facial CBCT scans 498 teeth no tooth
bone wall extraction
Canger et al. 2012 Transversal study Evaluation of alveolar ridge Panoramic X-ray 147 unkown
heights of dentate and individuals: 50
edentulous patients denture

Chappuis et al. Prospective study Investigate alterations of
2013 buccal bone in the esthetic
xone after tooth extraction

CBCT scans

wearers, 50
non-denture
wearers, 47
dentate

49 patients 2 months



X-ray analysis

Results Conclusion
Significant differences (P<0.05) emerged between mesial-distal distances of The post-extraction mesiodistal bone distance between teeth adjacent to the
multiple- (8 mm) and single-root teeth (5.60 mm). However, mesial or distal edentulous ridge depends on the size of the edentulous space. Nevertheless,
angles or the most apical distance of alveolar ridge resorption did not differ the distance does not affect the distance in bone loss height. The distance of
(mean distance in height 4.32 mm; mean angle 240). bone resorption height reaches a balance at the midpoint, which we consider

indicative of stable healing.
No existing bone wall was found in 25.7% of all teeth at MP1 and in 10.0% at oth a missing and thin facial wall require simultaneous contour augmentation
MP2. The majority of the examined teeth exhibited a thin facial bone wall (<1 atimplant placement because of the well- documented bone resorption that

mm; 62.9% at MP1, 80.1% at MP2). A thick bone wall (> 1 mm) was found in occurs at a thin facial bone wall following tooth extraction. Consequently,
only 11.4% of all examined teeth at MP1 and 9.8% at MP2. There was a radiographic analysis of the facial bone wall using CBCT prior to extraction is
statistically significant decrease in facial bone wall thickness from the first recommended for selection of the appropriate treatment approach.

premolars to the central incisors. The facial bone wall in the crestal area of

teeth in the anterior maxilla was either missing or thin in roughly 90.0% of

patients.

There were significant differences between the alveolar ridge heights of Reduction in residual alveolar ridge height was in close relation with gender,
dentate and edentulous groups (p < 0.001). Between the denture wearer and  denture usage and edentulousness.

the non-denture wearer groups there was no significant difference in the

upper jaw (p = 0.635).

A risk zone for significant bone resorption was identified in central areas, Facial bone thickness in central areas determines the extent of bone
whereas proximal areas exibited only minor changes. Thin-wall phenotypes resorption
displayed pronounced bone resorption (7.5mm vs 1.1mm- thin vs thick)
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X-ray analysis

1

|

Study Study design Aim Evaluation Material n Healing time i
Fiorellini et al. RCT Evaluate the efficacy of bone  CT scans two concentrations of 80 patients 4 months :
2005 induction for the placement of recombinant human I
dental implants by two bone morphogenetic i

concentrations of recombinant protein-2 (rhBMP-2) I

human bone morphogenetic delivered on a i

protein-2 (rhBMP-2) delivered bioabsorbable }

on a bioabsorbable collagen collagen sponge (ACS) |

|

sponge (ACS) compared to compared to placebo :

placebo (ACS alone) and no (ACS alone) and no I

treatmentin a human buccal treatment i

wall defect model following }

tooth extraction. i

|

|

Ghassemian et al. Transversal study To measures the distance CT scans 396 teeth no tooth I
|

2012 between the cemento-enamel extraction !
junction (CEJ) and alveolar :

bone crest and the thickness of i

facial alveolar bone at points 1 :

to 5 mm from the bone crest l

|

for the six maxillary anterior :

teeth. !

Januario et al. Transversal study To determine the thickness of CBCT scans 1500 teeth no tooth i
2011 the facial bone wall in the extraction :
I

|

|

|

|

|

|

|

|

|

anterior dentition of the

maxilla and at different
locations apical to the cemento-
enamel junction (CEJ).
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X-ray analysis

Results Conclusion

Assessment of the alveolar bone indicated that patients treated with 1.50 The data from this randomized, masked, placebo- controlled multicenter
mg/ml rhBMP-2/ACS had significantly greater bone augmentation compared to clinical study demonstrated that the novel combination of rhBMP-2 and a
controls (P <0.05). The adequacy of bone for the placement of a dental implant commonly utilized collagen sponge had a striking effect on de novo osseous
was approximately twice as great in the rhBMP-2/ACS groups compared to no formation for the place- ment of dental implants

treat- ment or placebo. In addition, bone density and histology revealed no

differences between newly induced and native bone.

A high variation of CEJ-bone crest (0.8 to 7.2 mm) was detected. A significantly The present study supports the finding of a predominantly thin facial bone

larger CEJ-bone crest was measured in smokers (P <0.05) and patients who overlying the six maxillary anterior teeth. Therefore, it is essential to make
were 150 years old (P <0.05). The average bone thickness at 3 mm from the CEJ informed treatment decisions based on thorough site evaluation before
for the maxillary right central incisor was 1.41 mm and for the maxillary left immediate implant placement.

central incisor was 1.45 mm. For the maxillary right and left lateral incisors, the

crestal bone thickness averaged 1.73 and 1.59 mm, respectively. For the

maxillary right and left canines, the crestal bone thick- ness averaged 1.47 and

1.60 mm, respectively.

he measurements demonstrated that (i) the distance between the CEJ and the Most tooth sites in the anterior maxilla have a thin facial bone wall. Such a

facial bone crest varied between 1.6 and 3 mm and (ii) the facial bone wall in  thin bone wall may undergo marked dimensional diminution following tooth

most locations in all tooth sites examined was 1 mm thick and that close to 50% extraction. This fact must be considered before tooth removal and the

of sites had a bone wall 0.5mm. planning of rehabilitation in the anterior segment of the dentition in the
maxilla.
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X-ray analysis

1

|

Study Study design Aim Evaluation Material n Healing time i

Jin et al. 2002 Transversal study Investigate bone thickness on  CBCT scans 120 teeth no tooth :
the buccal and palatal aspects extraction I

of the makxillary canine and i

premolars using cone-beam }

computed tomography (CBCT) i

|

Kerr et al. 2008  Pilot study - split evaluate the effect of CBCT scans novel, non-invasive 24 teeth: 12 3 months I
|

mouth ultrasound on the dimensional treatment using control 12 test :

healing changes of alveolar ultrasound to I

bone following tooth accelerate healing i

extraction using cone-beam following extraction |

volumetric tomography to minimize alveolar i

bone loss. :

|

|

1

|

|

|

Saglam et al. Transversal study The purposes of this study Panoramic X-ray 192 patients: unkown !
2002 were to determine the 96 dentate :
variation in maxillary and and 96 l

|

mandibular vertical edentulous :

I

|

|

1

|

1

|

|

1

|

1

|

measurements made from
panoramic radiographs and to
assess differences in
measurements between
dentate anb edentulous jaws.
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X-ray analysis

Results

Conclusion

At the canines and first premolars regions, mean buccal bone thickness of at 3
mm and 5 mm apical to CEJ were less than 2 mm. In contrast, at the second
premolar region, mean buccal bone thickness at 3 mm and 5 mm apical from
CEJ were greater than 2 mm. Frequency of thick bone wall (22 mm) increased
from the canine to the second premolar

Analysis of dimensional changes in all measures of vertical height and
horizontal width demonstrated no statistically significant differences between
the ultrasound and control groups from baseline to 3 months postextraction.
Evaluation of correlations between dimensional changes demonstrated a
moderately strong correlation (r = 0.67; P = 0.023) in the ultrasound group
between the change in buccal vertical height and the baseline crestal ridge
width. Analysis of the change in buccal vertical height relative to baseline
crestal width demonstrated a statistically significant benefit to ultrasound
compared to control (P=0.016). This benefit was more pronounced in wider
sockets compared to narrow sockets.

n the dentate group, there was no statistically significant difference between
men and women in the height of the maxilla. However, the height of the
mandible was significantly greater in men than in women. In the edentulous
group, the heights of the maxilla at the anterior and first premolar regions
were significantly greater in men than in women. In the same group,
mandibular heights were also significantly greater in men than in women.
Reductions in the height of the edentulous mandible and maxilla were
significantiy more pronounced in women than in men. The decrease in the
vertical height of the maxilla was nol statistically significant in men.

At the canines and first premolars regions, mean buccal bone thickness of at 3
mm and 5 mm apical to CEJ were less than 2 mm. In contrast, at the second
premolar region, mean buccal bone thickness at 3 mm and 5 mm apical from
CEJ were greater than 2 mm. Frequency of thick bone wall (22 mm) increased
from the canine to the second premolar

There was no significant benefit to ultra- sound in absolute bony dimensional
changes following tooth extraction. There was a significant interaction
between the treatment rendered (ultra- sound versus control) and the change
in buccal ridge height relative to baseline ridge width at the crestand 3 mm
apical to the crest.

There are differences between the sexes in aiveolar ridge résorption after
tooth loss.
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X-ray analysis

Study Study design Aim Evaluation Material n Healing time
Zekry et al. 2013 Transversal study To assess the width of the CBCT scans 200 scans no tooth
facial alveolar bone wall using extraction

cone-beam computed
tomography images

Schropp et al.
2003

Prospective study

Assess bone formation in the  periapical X-ray and 46 patients 12 months
alveolus and the contour cast models

changes of the alveolar

process following tooth

extraction
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X-ray analysis

Results

Conclusion

There was no significant difference between the values of right and left sides,
or between genders. However, statistically significant differences were
observed between age groups at all levels. The distance from CEJ to BC varied
from 0.4 to 4 mm, with an overall tendency to increase with age. The mean
width of the facial alveolar bone wall at anterior teeth was 0.9 mm and
increased toward posterior regions. Rarely, a width of 2 mm was yielded
(0.6—1.8% for anterior teeth, 0.7-30.8% for posterior teeth). Ata 5-mm
distance from BC, minimal widths of facial alveolar bone were identified for the
anterior teeth. The frequency of dehiscence ranged from 9.9% to 51.6% for
anterior and 3.1% to 53.6% for posterior teeth, respectively.

A thin facial alveolar bone wall was usually present in both jaws. Hence, for
most patients, adjunctive bone augmentation may be needed when installing
implants in areas of esthetic concern.

Mean changes of model measuerements in buccal height; oral height; and
width were, respectively, 0.4; 0.8; and 6.1 mm. On radiographic evaluation,
bone formation took place in he extraction alveoli simultaneously with a loss of
height of the alveolar crest. Remodeling of lamina dura was pronounced in the
period from 6 to 12 months after tooth extraction.

The results demonstrated that major changes of an extraction site occurred
during 1 year after tooth extraction
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Abstract

The aim of this investigation was to describe dimensional bone
alterations following tooth extraction on CBCT scans. Forty-six patients
presenting a single edentulous area in the anterior region of the maxilla with
corresponding contra-lateral tooth were included in this study. Alveolar cross-
section area, height and width measurements were performed in Tooth and
Edentulous sites. Patients were divided according to width of the buccal bone at
3mm below CEJ into: Thin (<Imm) and Thick (=1mm) buccal walls groups. The
differences between the groups were evaluated with the use of Wilcoxon rank-
sum test (0=0.05). All measurements displayed statistically significant
differences when comparing both sites (p<0.05). In Edentulous site, 76% of the
subjects exhibited an alveolar ridge that was <80mm? large and in 20% of the
sample < 8mm high. The thin buccal wall group demonstrated greater %
reduction area compared with Thick group (39% vs. 24%). In conclusion,
alveolar bone suffers significant dimensional reductions after tooth extraction. It
is suggested that lack of bone will occur following implant installation at anterior
region of the maxilla and that ridge augmentation procedures should be

considered to compensate such bone loss.
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INTRODUCTION

The periodontium’s main purpose consists in supporting the tooth. Being a
tooth-dependent tissue, it is predisposed by alterations tooth might go through
(Cohn 1966, Pietrovsky & Massler 1967, Pietrovsky & Massler 1971). Tooth
features such as shape, irruption axis and inclination guide the format and other
characteristics of the alveolar process (Schroeder 1986). Thus, with the tooth
loss it is expected to find critical damage to its attachment apparatus (i.e.
cement, periodontal ligament, and bundle bone) (Aradjo & Lindhe 2005),
leading to an atrophy of the periodontium, followed by changes on the overlying

soft tissue contour (Schropp et al. 2003).

Henceforward, as a result of tooth extraction, bone modeling/ remodeling
process sculpts a shorter, thinner alveolar ridge (Pinho et al. 2006). Also,
edentulous ridge is expected to be in a lingual position than formerly (Botticelli
et al. 2004, Pietrokovsky & Massler 1967). When buccal bone wall is lost
because of inflammatory processes or even because of the exodontia itself,

alveolar ridge formation becomes even more complex (lasella et al. 2003).

Understanding the magnitude of these dimensional changes on bone is an
essential aspect in order to provide a reliable treatment plan that offers to the

patient comfort, function and esthetics (Lang et al. 2011, Bartee 2001).

Studies on dogs (Araujo & Lindhe 2009, Araujo et al. 2005a, Cardaropoli et al.

2003, Araujo et al. 2008) demonstrated significant dimensional changes at the
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first 2 to 3 months following tooth extraction. On an initial stage, bundle bone is
resorbed and replaced by woven bone. On a second stage, resorption occurs
on the external part of both bone walls. Resorption on buccal wall was
particularly more pronounced when compared to lingual wall. (Aradjo & Lindhe
2005) As to horizontal resorption, it decreases as we distance from the edge
and approach the base (Blanco et al 2011, Araujo & Lindhe 2009, Kerr et al.

2008).

Human studies indorse the results found on animals. Major bone alterations
occur at the first 3 to 6 months after tooth extraction (Barone et al. 2008, Crespi
et al. 2009, Kerr et al. 2008, lasella et al. 2003), although crucial changes have
been reposted between the period of 6 to 12 months (Schropp et al. 2003).
Bone resoption seems to be more prominent on buccal than lingual wall
(Botticelli et al. 2004, lasella et al. 2003). Similarly to the animal models,
horizontal resorption was greater at edge of the ridge, and more pronounced

than vertical bone loss. (Covani et al. 2003, Schropp et al. 2003).

Although science investigation has led to important findings, more evidence is
still necessary to provide a deeper understanding on bone’s dimensional
alterations after tooth extraction, supporting the professional on the clinical
decision-making. Thus, the purpose of this investigation was to describe

dimensionally bone alterations following tooth extraction on CBCT scans.
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MATERIAL AND METHODS

The Ethics Committee of Maringa State University approved the study protocol.
Forty-six patients (26 female and 20 male) aged between 23 and 67 years
(mean 40 years) that presented an edentulous area in the anterior region of the
maxilla with the corresponding contra-lateral tooth present were included. The
study involved 24 central incisor, 21 lateral incisor and 1 canine sites. The
edentulous sites were occupied by removable prosthesis. All patients were
referred to the clinic for a radiographic examination cone-beam computed
tomography (CBCT) examination of the maxilla for the diagnosis of, e.g.,
potential root fractures, presence of periapical lesions (not on the studied region
at the present investigation), and bone volume for anticipated implant

placement, etc.

The following inclusion and exclusion criteria were applied to the dentate site.

Inclusion criteria

. Presence of neighboring teeth
. Presence of cortical bone at the alveolar crest
. Cement-enamel junction (CEJ) possible to identify in the radiograph

Exclusion criteria

. Teeth presenting with deep caries lesions, root resorption, large
restorations

. Metallic artifacts that prevented proper CBCT examination

. History of advanced periodontal disease

. Improper tooth alignment
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. Periapical lesions, cysts, supernumerary teeth or mesio-dens on the

studied area

The CBCT scans were obtained using the ICAT unit (Imaging Sciences
International Inc., Hatfield, PA, USA) and involved all Tooth and Edentulous
sites in the maxillary dentition. The images were acquired by means of the iICAT
software and processed by a computer. Acquisition was performed (with
volumetric dimension of 6 x 8 cm) for 20s with the following iICAT tomography
acquisition protocol: voxel size: 0.3 mm; grey scale: 14 bits; focal spot: 0.5 mm;
image detector: amorphous silicon flat panel; image acquisition: single 3600
rotation. The images were saved in DICOM format (for details, see Januario et
al. 2008). For each region analyzed (Tooth and Edentulous site), CBCT
parasagittal reconstructions of 1 mm apart were made. A software program for
image analysis (Invivo 5.0; InVivoDental Application 5.0, Anatomage Inc®) was
used for the CBCT scan reading that included the measurements of several

variables.

Radiographic measurements

Tooth site

The following landmarks were identified on the parasagittal reconstructions at
the center of the tooth: (i) the most coronal portion of the alveolar process;
identified as an imaginary line that connected the buccal and lingual crests (BC-
PC) and (ii) the most apical portion of the alveolar process; identified as an
imaginary line parallel to the axial plane that crossed the tooth apex (AB-AP;

Fig.1).
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The following assessments were made (Fig. 1a-f):

a. The alveolar process cross-section area (mm2) was determined by
outlining the surface of the alveolar process between BC-PC and AB-AP (Fig.
la).

b. The root cross-section area (mm2) was determined by outlining the
surface of the root extending from apex to BC-PC (Fig. 1b).

C. The height of the alveolar process (mm) was determined as the linear
distance between BC-PC to AB-AP. This line was perpendicular to AB-AP and
extended to the most coronal portion of BC-PC (Fig. 1c).

d. The width of the buccal and palatal bone (mm) measured at 3, 5, 7 and
10 mm apical of the CEJ (Fig. 1d).

e. The tooth inclination was expressed as the buccal angle between the

long axis of the tooth and AB-AP (Fig. 1e).

Edentulous site

The most apical portion of the edentulous ridge was identified by the AB-AP line
that extended from the Tooth to the Edentulous sites on the parasagittal
reconstruction. This line (AB-APe) could be observed on panoramic and
parasagittal reconstructions and, hence, the apical limit of the alveolar ridge

could be identified.

The following measurements were carried out at the center of the edentulous

ridge (Fig. 2a, b):
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a. The alveolar ridge cross-section area (mm2) was determined by outlining the
surface of the ridge from the level of AB-APe to the ridge crest (Fig. 2a).
b. The height of the alveolar ridge (mm) was determined as the linear distance

between AB-APe and the most coronal portion of the ridge crest (Fig. 2b).

In addition, in the axial reconstruction the alveolar process and ridge widths
were determined by measuring the distance between the outer surfaces of the
buccal and palatal walls at the center of the alveolar process (Tooth site) and
ridge (Edentulous site; Fig. 3a, b). The measurements were carried out at 3, 5,

and 7 mm above the CEJ of the most apically located adjacent tooth.

Calibration

Calibration of the CBCT examination was performed to ensure consistency in
identifying the anatomical landmarks. To calibrate the examiners prior to actual
measurements, intra-observer error was determined by measuring the alveolar
process cross-section area on 10 randomly selected CBCT scans. The variable
was measured twice over 2 days, with an interval of at least 24h. The Kappa

correlation coefficient obtained was 0.9.

Statistical analysis

Mean and standard deviation (sd) were calculated for each variable and site.
Descriptive statistical analysis of all data was performed. The area of the
alveolar process/ridge was considered the primary variable. It was performed

Kolmogorov-Smirnov test to verify the normal distribution of the sample. After
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attesting normal distribution, paired Student's t-test was used to evaluate the

differences between Tooth site and Edentulous site (a=0.05).

In addition, the patients were separated in two groups according to the width of
the buccal bone at 3 mm below the CEJ into Thin (< 1mm) and Thick (= 1mm)
buccal walls groups. The differences between the groups were evaluated with

the use of Wilcoxon rank-sum test (a=0.05).

RESULTS

Tooth sites

The mean and standard deviation (sd) of the variables are shown in Tables 1-4.
The mean cross-section area of the alveolar process was 94.7+29.9 mm?. At
the central incisor region the corresponding value was 103.3+32.4 mm? while at
the lateral incisor and canine regions the value was 82.2+23.7 mm? and 127.1
mm?, respectively. The mean cross-section area of the root was 43.8+12.3 mm?

(Table 1).

The mean height of the alveolar process was 11.5+2.3 mm. The mean width of
the buccal bone measured at 3, 5, 7 and 10 mm apical of the CEJ was,
respectively, 0.4+0.5, 0.7£0.4, 0.9£0.6 and 0.7+0.4 mm (Table 02). The
corresponding values at the palatal aspect of the alveolar process were 0.7+0.7,

1.6£1.0, 2.3£1.2 and 3.6£1.9 mm. The mean alveolar process width was
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8.41£1.7 mm, 8.7£1.8 mm and 8.8+1.8 mm at 3, 5 and 7 mm apical of the CEJ,

respectively.

Edentulous sites

The alveolar ridge in the Edentulous sites exhibited at the crestal region a
distinct cortical bone that was in continuity with the cortical bone of the buccal
and palatal aspects of the ridge. The outline of the previous inner socket walls
was not distinguishable and the trabecular bone had a uniform structure. The
shape of the alveolar ridge was in most of the sites triangular with its base in
direct contact with basal bone. Occasionally, alveolar ridge with a rectangular

shape could be observed.

The mean cross-section area of the alveolar ridge was 62.0+28.0 mm? (Table
03). This dimension was statistically smaller than the corresponding value in the
Tooth sites (p<0.001). At central incisors, the corresponding mean was 72.7
mm?, while in lateral incisors and canine was respectively, 51.8 and 80.3 mm?.
Close to 76% of all sites exhibited an alveolar ridge area smaller than 80 mm?
and 50% smaller than 60 mm? (Table 04). The overall reduction of the cross-
section area of the alveolar process was about 34%. Table 05 describes the
frequency distribution according to different categories of area reduction. A
reduction of 2 20% < 40% was observed in 34% of the sites while a reduction <

20% and = 40% < 60% was found in, respectively, 29% and 27% of the sites.

Only 10% of the sites showed an area reduction = 60%.
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The mean height of the alveolar ridge was 9.4+2.8 mm and it was found to be
statistically shorter than the height of the alveolar process (p<0.001; Table 03).
The mean height according to tooth group was, respectively, 10.20, 8.4 and 9.4
mm at central incisors, lateral incisors and canine. The mean height reduction of
the alveolar ridge was 18%. About 55% of the alveolar ridges were between 8

to 12 mm, 20% were < 8 mm and 15% > 12 mm high (Table 06).

The mean alveolar ridge width at 3, 5 and 7 mm apical of the CEJ was,
respectively, 3.3£2.6, 4.6£2.7 and 5.2+2.7 mm (Table 07). It was calculated that
the alveolar ridge at all levels was significantly narrower from the corresponding
values at the alveolar process in the Tooth site (p<0.001, p<0.001 and
p<0.001). At 5 mm below the CEJ, the proportion of sites presenting an overall
alveolar ridge width = 7 mm was 20% while the corresponding proportion
presenting 24 mm < 7mm and < 4 mm was 39% and 41%, respectively (Table

08).

The Tooth sites were divided into two groups according to the buccal bone
width at 3 mm below the CEJ: Thin (< 1mm) and Thick (= 1mm) buccal wall
groups (Table 09). Thirty-nine tooth sites (85%) were included into the Thin
Group, whereas only 7 (15%) were allocated into the Thick Group. The
percentage of cross-section area reduction was significantly larger in the Thin
Group (39% vs. 24%; p=0.04). The mean alveolar ridge height at the Thin
Group was also significantly shorter than at the Thick Group (9.3 vs. 11.3 mm,
p=0.03) while the mean ridge width did not show any statistically significant

difference.
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DISCUSSION

The present study evaluated in CBCT reconstructions the dimensional
alterations of extractions sockets sites after > 1 year of healing. The findings
demonstrated that the cross-section area, height and width of the alveolar
process were significantly reduced after the completion of the socket healing
process. In addition, it was also demonstrated that the alterations were more

conspicuous in the coronal third of the alveolar ridge.

The edentulous site in the present investigation was compared to the
corresponding contralateral Tooth site. It was assumed that the alveolar bone
structure at the right and left sides of the patients were fundamentally identical.
This assumption is supported by the study of Pietrokovisky & Massler (1967)
who compared in cast models the dimensions of edentulous sites to the
contralateral corresponding dentate sites. The authors observed that the
dimension of the dentate sites were similar in both sides of the jaws. This
finding was also in agreement with the results from Januério et al. 2011 who
assessed the width of the alveolar socket walls and found no difference

between the dimension of the alveolar socket in right and left sides of the jaws.

The present study included Edentulous sites of single gaps which were
considered to represent fully healed alveolar sockets. In a systematic review,
Lang et al. 2011 reviewed human and animal studies that evaluated the
dimensional changes following tooth extraction of single units up to 1 year of
healing. The findings extracted from the various studies included in the review

indicated that most of the dimensional alterations had occurred during the first 6
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months following tooth extractions. In addition, in the Edentulous sites of the
present sample, the CBCT scans revealed that a clear cortical crestal bone
could be identified, the outline of the inner socket walls was not distinguishable
and the trabecular bone had a uniform structure. The corticalization of the
entrance of the socket is among the final steps of bone modeling process that
occur during socket healing (Cardaropoli et al. 2003). Thereafter, only minor
tissue changes occurred in the healed socket. Taken together, the above data
supports the statement that the present sample represented clinically fully
healed edentulous sites and that minimal additional dimensional changes

should have been expected if longer periods of healing had been assessed.

Cross-section area

The values of the cross-section area observed in the Edentulous site
demonstrated that the alveolar process was markedly reduced following tooth
extraction (94 mm? vs. 62 mm?). Thus, about 35% of the cross-section area of
the alveolar process was lost after socket healing. Furthermore, it was also
observed that 50% of the Edentulous sites occupied an area smaller than 60
mm?. This result indicates that the installation of standard diameter implants
(about 4 mm wide) in such a way that the buccal and palatal aspects of the
implant to be cover with 2 mm of bone, as recommended in aesthetic areas by
Grunder et al. 2005, would not be possible. Regarding the different tooth
groups, central incisors and canines (mean cross-sectional alveolar ridge area
80 and 72.7 mm? respectively) wouldn’t be able to receive the indicated
implant without bone augmentation. Lateral incisors also wouldn’t be able to

receive a 3mm diameter implant without augmentation procedures (mean cross-
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sectional alveolar ridge area 52mm?). Thus, it can be suggested that ridge
augmentation procedures are often necessary to compensate for the post-

extraction dimensional reduction of the alveolar ridge.

Alveolar ridge height

In the present sample, the height of the alveolar process was reduced to about
9 mm. Indeed, the vast majority of the sites (65%) exhibited an alveolar ridge
high > 8 mm while only 20% were < 8 mm high. These findings are in
agreement with previous clinical studies that evaluated the height changes
following tooth extraction (lasella et al. 2003, Barone et al. 2008, and Crespi et
al. 2009). lasella et al. 2003 studied 24 individuals who were scheduled for
extraction of non-molar teeth. Following 6 months of healing, the authors
observed that about 0.9 mm of height loss had occurred. In another clinical
study, Barone et al. 2008 examined 40 patients that had their teeth extracted.
Seven months later, several measurements were performed and it was shown
that a mean loss of 3.6 mm of the alveolar ridge height had taken place. A
similar amount of height loss (3.75 mm) was also observed in a clinical study by
Crespi et al. 2009. Thus, the present study confirmed that the extraction of

single tooth would promote height loss of the alveolar ridge.

Socket wall width

The width of the socket walls varied between from 0.4 to 0.9 mm at the buccal
aspects while from 0.7 to 3.6 mm at the palatal aspect of the maxilla. In
addition, socket walls < 1mm wide at the buccal aspect was identified in 85% of

the Tooth sites. These findings are similar to data from previous studies that
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used CBCT scans to perform the radiographic measurements (Braut et al.
2011, Januario et al. 2011, Chappuis et al. 2013). Braut et al. (2011) evaluated
in a sample of 90 individuals the buccal bone width at 4 mm below the CEJ and
at the middle of the root. They reported that mean buccal bone width was 0.8
mm and that 90% of the individuals exhibited a buccal wall < 1 mm wide.
Similarly, Januario et al. 2011 evaluated the socket walls width of 250
individuals at different levels. The results demonstrated that the socket wall at
the buccal aspect was about 0.6 mm wide and < 1 mm wide in the 85% of the
sample. Thus, the buccal bone at the anterior region of the maxilla is relatively

thin and the occurrence of widths superior to 1mm are not frequent.

In subjects that exhibited at 3 mm below the CEJ in the Tooth site buccal bone
width < 1 mm, a mean percentage cross-section area reduction of 40% had
occurred in the Edentulous site. This reduction was significantly larger than in
subjects with corresponding = 1mm wide buccal bone wall. The height of the
alveolar ridge was also found to be significantly shorter at subjects with <1 mm
wide buccal bone wall. This data in part is supported by data from the previous
studies (Tomasi et al. 2010, Chappuis at al. 2013). Chappuis at al. 2013
evaluated 39 anterior sites with CBCT scans before the extraction and after 8
months of healing. It was reported that the mean buccal bone width was 0.8 mm
and that in 69% of the sample such width was < 1mm. Furthermore, they also
showed that sites with buccal bone width < 1 mm exhibited significantly more
vertical bone loss of the buccal bone wall. Thus, the data from the present study
confirmed the concept that buccal bone wall < 1 mm wide are risk factor for

post-extraction bone loss.
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Alveolar ridge width

In the present study, the mean alveolar process width at 3, 5 and 7 mm apical
of the CEJ was, respectively, 8.4, 8.7, and 8.8 mm. At the healed alveolar sites,
the corresponding values were 3.3, 4.6, and 5.2 mm. The overall width
reduction that had occurred was from about 5 to 4 mm and it was more evident
at the most coronal part of the alveolar ridge, about 5 mm (60%). The mean
alveolar ridge width reduction observed in studies of 6 months of healing was,
however, less than observed in the present sample and ranged from 2.5 to 4.6
mm (Lecovik et al. 1997, Lecovik et al. 1998, lasella et al. 2003, Pelegrine et al.
2000). In a study that evaluated the alveolar ridge width after only 3 months
(Kerr et al. 2008), it was reported that at the crestal level the mean reduction
was about only 2 mm. Thus, the above findings indicate that most of the
dimensional alterations at the alveolar ridge occurred during the first 6 months
of healing. Moreover, the above-mentioned data also demonstrated that a lack
of adequate bone width at the middle and coronal portion of the alveolar ridge

will frequently occur and that bone augmentation procedures maybe necessary.
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FIGURE LEGENDS

1) Tooth site measurements. Alveolar process cross area (a), root area (b),

alveolar process height (c), alveolar process width (d), tooth inclination

(e).

2) Edentulous site measurements. Alveolar ridge area (a), alveolar ridge

height (b).

3) Axial reconstruction on Tooth and Edentulous sites. Alveolar process

width (a), alveolar ridge width (b).
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TABLE LEGENDS

1) Mean and standard deviation (sd) of measurements performed in

parasagittal reconstructions in the Tooth site.

2) Mean and standard deviation + sd of alveolar process width (mm) at
different levels from the CEJ performed in axial reconstructions in the

Tooth site.

3) Mean and standard deviation of measurements performed in parasagittal

reconstructions in the Edentulous site.

4) Frequency distribution of patients according to the cross-section area

(mm2) of the alveolar ridge in the Edentulous sites.

5) Frequency distribution of patients according to various categories of

cross-section area reduction.

6) Frequency distribution of patients according to various categories of

alveolar ridge height (mm).

7) Mean and standard deviation of measurements in axial reconstruction in

the Edentulous site.

8) Frequency distribution of patients according to the various categories of

alveolar ridge width at different levels from CEJ.

9) Difference between the groups Thin buccal bone and Thick buccal bone.
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1) Tooth site measurements. Alveolar process cross area (a), root area (b),

alveolar process height (c), alveolar process width (d), tooth inclination

(€).
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2) Edentulous site measurements. Alveolar ridge area (a), alveolar ridge

height (b).
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Fig. 3
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3) Axial reconstruction on Tooth and Edentulous sites. Alveolar process

width (a), alveolar ridge width (b).
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Table 01. Mean and standard deviation (sd) of measurements performed in

parasagittal reconstructions in the Tooth site.

Measurement Mean * sd
Alveolar process area 94.7 £29.9
Alveolar process height 11.5+23
Alveolar process width 86+17
Buccal bone width 3 04+05
Lingual bone width 3 0.7+0.7
Buccal bone width 5 0.7+04
Lingual bone width 5 16+1.0
Buccal bone width 7 09+0.6
Lingual bone width 7 23+x1.2
Buccal bone width 10 0.7+04
Lingual bone width 10 36+19
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Table 02. Mean and standard deviation * sd of alveolar process width (mm) at different
levels from the CEJ performed in axial reconstructions in the Tooth site.

Level (mm) Mean + sd
3 84+17
5 8.7+18
7 8.8+1.8

Table 03. Mean and standard deviation of measurements performed in parasagittal
reconstructions in the Edentulous site.

Measurement Mean + sd
Edentulous ridge area (mm?) 62.0 £ 28.0
Edentulous ridge height (mm) 9.4+28

Table 04. Frequency distribution of patients according to the cross-section area (mm?
of the alveolar ridge in the Edentulous sites.

Alveolar ridge cross-section area (mm?) Number of patients(%)
<40 10 (22%)

240 <60 14 (31%)

260 <80 11 (24%)

>80 <100 5 (11%)

>100 6 (12%)
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Table 05. Frequency distribution of patients according to various categories of cross-

section area reduction.

% cross-section area reduction

Number of patients (%)

<10%

210% <20%

220% <30%

230% <40%

240% <50%

250% <60%

260% <70%

270% <80%

280% <90%

2100%

2 (4%)
11 (25%)
6 (14%)
9 (20%)
7 (16%)
5 (11%)
2 (4%)

2 (4%)

0

1 (2%)

Table 06. Frequency distribution of patients according to various categories of alveolar

ridge height (mm).

Alveolar ridge height (mm)

Number of patients(%)

<6

26 <8
28 <10
210 <12
212 <14
214

5 (11%)
9 (20%)
16 (35%)
9 (20%)
5 (11%)
2 (4%)
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Table 07. Mean and standard deviation of measurements in axial reconstruction in the
Edentulous site.

Measurement Mean * sd
Alveolar ridge width 3mm from CEJ 3.3%+26
Alveolar ridge width 5mm from CEJ 46+27
Alveolar ridge width 7mm from CEJ 52127

Table 08. Frequency distribution of patients according to the various categories of
alveolar ridge width at different levels from CEJ.

Levels (mm) Category (mm) Number of patients(%)
3 <4 28 (60%)
24 <7 15 (33%)
>7 3 (7%)
5 <4 19 (41%)
24 <7 18 (39%)
>7 9 (20%)
7 <4 12 (19%)
24 <7 20 (49%)
>7 9 (22%)

Table 09. Difference between the groups Thin buccal bone and Thick buccal bone.

Variable Thin Group Thick Group Difference p
Mean + sd Mean + sd
% Alveolar cross-section 39% 24% 15% 0.04

area reduction

Alveolar ridge height 93+£25 113+ 2.7 2.0 (18%) 0.03

Wilcoxon rank-sum test (p<0.05)
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ANEXOS

The Journal of Dental Research (JDR) is a peer-reviewed scientific journal dedicated to the
dissemination of new knowledge and information on all science relevant to dentistry and to
the oral cavity and associated structures in health and disease. The Journal of Dental
Research’s primary readership consists of oral, dental and craniofacial researchers, clinical
scientists, hard tissue scientists, dentists, dental educators, and oral and dental policy-makers.
The Journal is published monthly, allowing for frequent dissemination of its leading content.
The Journal of Dental Research also offers Online First, by which forthcoming articles are
published online before they are scheduled to appear in print. Authors of all types of articles
should be aware of the following guidelines when submitting to JDR.

ONLINE SUBMISSION

Submissions to the Journal of Dental Research are only accepted for consideration via
theSAGETrack online manuscript submission site at http://mc.manuscriptcentral.com/jdr.
Authorswho do not have an active account within the system are required to create a new
account byclicking, “Create Account,” on the log-in page. The system will prompt the authors
through astep by step process to create their account. Once created authors can submit their
manuscriptsby entering their “Author Center” and clicking the button by “Click Here to Submit
a NewManuscript.”

If any difficulty is encountered at anytime during the account creation or submission
process,authors are encouraged to contact the Journal of Dental Research Publications
Coordinator,Kourtney Skinner, at kskinner@iadr.org.

MANUSCRIPT REQUIREMENTS BY TYPE

The Journal of Dental Research accepts the following types of manuscripts for
consideration:

Original Research Reports: These manuscripts are based on clinical, biological, and
biomaterials and bioengineering subject matter. Manuscripts submitted as research reports
have a limit of 2,700 words (including abstract, introduction, materials, methods results,
discussion and acknowledgments; excluding figure legends and references); a total of 4 figures
or tables; 30 references; and must contain a 200 word abstract.

Letters to the Editor*: Letters must include evidence to support a position about
thescientific or editorial content of the JDR. Manuscripts submitted as a letter to editorhave a
limit of 250 words. No figures or tables are permitted. Letters on publishedarticles must be
submitted within 3 months of the article’s print publication date.

Guest Editorials*: A clear and substantiated position on issues of interest to thereadership
community can be considered for this manuscript type. Guest Editorials arelimited to 1,000
words. No figures or tables are permitted.

Discovery!:Essays that explore seminal events and creative advances in thedevelopment of
dental research are considered for the “Discovery!” section of thejournal. Manuscripts
submitted for “Discovery!” have a limit of 2,500 words and a totalof 2 figures or tables.
Manuscripts are to be submitted by invitation only. Questionsregarding “Discovery!” should be
directed to Dr. Marty Taubman, atmtaubman@forsyth.org.

Critical Reviews in Oral Biology & Medicine: These manuscripts should
summarizeinformation that is well known and emphasize recent developments over the last
threeyears with a prominent focus on critical issues and concepts that add a sense
ofexcitement to the topic being discussed. Manuscripts are to be submitted by invitationonly.
Authors interested in submitting to this section must contact the Editor of CriticalReviews in
Oral Biology & Medicine, Dr. Dana Graves, at gravesdt@umdnj.edu forsubmission approval
and instructions. Manuscripts submitted as Critical Reviews have alimit of 4,000 words; a total
of 6 figures or tables; 60 references; and must contain a 200word abstract.

Additional Instructions for Critical Reviews:
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-It is important to include several illustrations or diagrams to enhance clarity.Manuscripts that
lack figures or diagrams typically receive a low priority score.

-Summarize important concepts in tables or flow charts or show critical data inthe form of
figures. NOTE: authors will need to obtain permission to reproducea previously published
figure or table.

-Due to the broad readership, abbreviations commonly recognized in one fieldmay not be
readily apparent to those in a different field. Keep abbreviation useto a minimum.

-The cover page, abstract, text, summary, figure legends, and tables should becombined into a
single Word document. Figures should be submitted as aseparate document.

-To view examples of recent Critical Reviews in the Journal, please click the
following links: http://jdr.iadrjournals.org/cgi/content/full/86/9/800 or
http://jdr.iadrjournals.org/cgi/content/full/85/7/584

*Brief responses to Letters to the Editor or Guest Editorials will be solicited for
concurrent publication.

Clinical Reviews (formerly Concise Reviews): These manuscripts are
generallysystematic reviews of topics of high clinical relevance to oral, dental and
craniofacialresearch. Meta-analyses should be considered only when sufficient numbers of
studiesare available. Manuscripts that include investigations of limited study quality of
understudiedareas are typically not acceptable as topics for a clinical review. Although
somesystematic reviews may be well done, those that receive highest scientific priority
willonly be considered given the very limited space allowed for these reviews in the
journal.Pre-submission inquiries for clinical reviews must contact the Editor-in-Chief,
Prof.William  Giannobile, william.giannobile@umich.edu for submission approval
andinstructions. Manuscripts submitted as Clinical Reviews have a strict limit of 4,000
words(including abstract, and the main text of the manuscript including
acknowledgments;excluding figure legends and references); a total of 6 figures or tables; up to
a maximumof 60 references; and must contain a 200 word abstract. Manuscripts above the
4,000word/6 figure or table limit may use supplemental appendices for other
supportinginformation that would be available online only.

Additional Instructions for Clinical Reviews:

-It is important to include illustrations or diagrams to enhance clarity.Manuscripts that lack
figures or diagrams typically receive a low priority score.

-Summarize important concepts in tables or flow charts or show critical data inthe form of
figures. NOTE: authors will need to obtain permission to reproducea previously published
figure or table.

-Due to the broad readership, abbreviations commonly recognized in one fieldmay not be
readily apparent to those in a different field. Keep abbreviation useto a minimum.

-The cover page, abstract, text, summary, figure legends, and table(s) should becombined into
a single Word document. Figures should be submitted as aseparate document.

-To view examples of recent Clinical Reviews in the Journal, please click thefollowing links:
http://idr.sagepub.com/content/90/3/304.full.pdf+htmlor
http://idr.sagepub.com/content/90/5/573.full.pdf+html

All submissions must include a title page and be accompanied by a cover letter and list
ofsuggested reviewers. Cover letters should certify the research is original, not under
publicationconsideration elsewhere, and free of conflict of interest. Title pages should include:
abstractword count, total word count (Abstract to Acknowledgments), total number of
tables/figures,number of references, and a minimum of 6 keywords. Keywords cannot be
words that havebeen included in the manuscript title. Key words should be selected from
Medical  SubjectHeadings (MeSH) to be used for indexing of articles.
See:http://www.nIm.nih.gov/mesh/MBrowser.html for information on the selection of key
words.Please submit the names and email addresses of four preferred reviewers when
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http://jdr.sagepub.com/content/90/5/573.full.pdf+html
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prompted bythe SAGETrack system. Preferred reviewers cannot be colleagues at the
contributors’ institutionor present or former collaborators.

TITLES

Titles can consist of a maximum of 75 characters (including spaces). Titles do not
normallyinclude numbers, acronyms, abbreviations or punctuation. The title should include
sufficientdetail for indexing purposes but be general enough for readers outside the field to
appreciatewhat the paper is about.

ACKNOWLEDGMENTS

Authors are required to report all sources of support for their project or study, including but
notlimited to: grant funds, commercial sources, funds from a contributors’ institution. Do not
referto a study being “partially funded by the cited sources.” Consultancies and funds paid
directly toinvestigators must also be listed. Authors are required to specify during the
submission processif their paper received funding from NIH, NIDCR, or any other NIH Institute
or Center andprovide the grant number. To comply with the NIH Public Access Mandate, for
qualifying NIHfundedpapers, the Journal of Dental Research will deposit the final,
copyedited paper toPubMed Central on behalf of the authors.Any perceived or actual conflicts
of interest need to be identified in the acknowledgmentssection. The JDR abides by the
International Committee of Medical Journal Editors guidelines forthe Ethical Considerations in
the Conduct and Report of Research(http://www.icmje.org/ethical_4conflicts.html). Authors
are requested to include thisinformation in the acknowledgments section and the
corresponding author must confirm thatall co-authors have reported any potential conflicts.
FIGURE AND TABLE REQUIREMENTS

Figures submitted to the Journal of Dental Research should be uploaded as an EPS or TIFF
file, approximately 6 to 10 MB. Figures submitted embedded in Word documents, PDFs or as a
PowerPoint file will be returned to authors to be put in the requested file type. Figures should
be submitted as separate files. Files containing figures and tables should be clearly labeled to
indicate their placement in the text or appendix. Tables should be viewable in a portrait view.
Tables that are created in a landscape view are more suitable for an appendix. If the online
version is in color and the printed version in black and white, please submit separate files for
each version. Figures should be identical except in color or grayscale. The cost of color figures
in the print version will be borne by the authors. Rates for color reproduction are $300 per
initial page of color and $150 for each additional page of color. However, there are no charges
for figures and diagrams printed in black and white. Color figures many be included in the
online version of JDR with no extra charges.

REFERENCES

Citations should be arranged in alphabetical order by last name of the first author without
numbering. When citing a reference in the text, provide attribution for the subject under
discussion. “Et al” should be used when the cited work is by six or more contributors. When
the cited work is by two contributors, use both surnames cited in the following manner:
LastNamel, First Namel, Last Name2, First Name2. When citing multiple references by the
same author(s) in the same year, use “a,” “b,” etc. (e.g., Jones, 1980b). Multiple references
should be listed in chronological order of publication, separated by semi-colons. Avoid using
abstracts as references. When citing a Web site, list the authors and title if known, then the
URL,0 include the date it was accessed in parentheses. Include among the reference papers
accepted but not yet published; designate the journal and add “in press.” Information from
manuscripts submitted but not yet accepted should be cited in the text as “unpublished
observations” in parentheses. The references must be verified by the author(s) against the
original documents and checked for correspondence between references cited in the text and
listed in the “References” section. All items should be listed alphabetically by the author’s last
name. For multiple entries by the same author/authors, they should be cited as follows:

1. One author: chronologically by year of publication

2. Two authors: alphabetical by last names
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3. Three or more authors: chronologically by year of publication

4. Same author, same publication, chronologically by date of publication, using a), b),

etc., to designate order

“Unpublished observations” and “personal communications” may be inserted into and cited
inthe text with written permission from the correspondents, but are not to be used as
references.

For examples of reference citation formats, please click here.

SUPPLEMENTAL FILES

Additional supporting data may be referenced as a supplemental appendix for publication
onlineonly. All supplemental appendix files must be submitted with the manuscript for review.
Supplemental files may include additional figures or tables that exceed the Journal’s
limit.Material intended for the supplemental appendix must have “supplemental” or
“appendix” inthe file name upon upload.

For additional information on formatting manuscripts please click here to be
directed to adetailed description of required manuscript components.

Language Editing: Manuscripts submitted for publication consideration should be written
inEnglish. Prior to submission, if a manuscript would benefit from professional editing,
authorsmay consider using a language-editing service. Suggestions for this type of service can
be foundat www.iadr.org/EditingServices. The Journal of Dental Research does not take
responsibility for,or endorse these services, and their use has no bearing on acceptance of a
manuscript forpublication.

GENERAL INFORMATION FOR AUTHORS SUBMITTING A MANUSCRIPT

PRIOR PUBLICATION

Manuscripts submitted to the Journal of Dental Research are accepted for consideration
givingthe understanding that it contains original material that has not been submitted for
publicationor has been previously published elsewhere. Any form of publication other than an
abstract onlyconstitutes prior publication.

ICMJE COMPLIANCE STATEMENT

Manuscript submission guidelines for the Journal of Dental Research follow the “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals” set forth by the International
Committee of Medical Journal Editors (ICMJE). For additional information please visit the
ICMJEweb site at http://www.icmje.org/.

CONSORT 2010 CHECKLIST COMPLETION RANDOMIZED CLINICAL TRIALS
POLICY

Manuscripts reporting a randomized clinical trial should follow the CONSORT guidelines.
Clickhere to download the CONSORT checklist. The completed checklist should be uploaded to
the

SAGETrack system as a supplemental file. The Journal strongly suggests authors of pre-
clinicalanimal studies submit with their manuscript the Animal Research: Reporting In
VivoExperiments (ARRIVE) guidelines found here. Authors of human observations studies
inepidemiology are advised to review and submit a STROBE statement. Additional information
andcurrent checklists are available here. When uploaded to the SAGETrack system, any
checklistscompleted by authors should be given a supplementary file designation.

The Journal of Dental Research encourages authors to register their clinical trials in a
publictrialsregistry. Authors of manuscripts describing such studies are asked to submit the
name of theregistry and the study registration number prior to publication. Authors are asked
to includetheir clinical trial registration number at the end of their abstracts. In accordance
with theaforementioned “Uniform Requirements for Manuscripts Submitted to Biomedical
Journals,”clinical trials will only be considered for publication if they are registered.
INSTITUTIONAL REVIEW BOARD AND WRITTEN INFORMED CONSENT

For protocols involving the use of human subjects, authors should indicate in their
Methodssection that subjects’ rights have been protected by an appropriate Institutional
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Review Boardand written informed consent was granted from all subjects. When laboratory
animals are used,indicate the level of institutional review and assurance that the protocol
ensured humanepractices.

PUBLIC GENE DATA

Prior to submission, the Journal of Dental Research asks that novel gene sequences be
depositedin a public database and the accession number provided to the Journal. Authors may
want touse the following Journal approved databases:

GenBank: http://www.ncbi.nlm.nih.gov/Genbank/submit.html

EMBL: http://www.ebi.ac.uk/embl/Submission/index.html

DDBIJ: http://www.ddbj.nig.ac.jp/sub-e/html

Manuscript submissions including microarray data should include the
informationrecommended by the MIAME guidelines in their submission, and/or identify the
submissiondetails for the experiments details to one of the publicly available databases such
asArrayExpressor GEO.

OPEN ACCESS COMPLIANCE STATEMENT

Effective April 7, 2008 the National Institutes of Health (NIH) Revised Policy on Enhancing
PublicAccess to Archived Publications Resulting from NIH-Funded Research (Public Access
Policy)requires all studies funded by NIH to submit or have submitted for them their final
peerreviewedmanuscript upon acceptance for publication to the National Library of
Medicine'sPubMed Central (PMC) to be made publicly available no later than 12 months after
the officialdate of publication. The Journal of Dental Research adheres to the Washington
DC Principles forFree Access to Science and makes all content available after 12 months. Only
final, copyeditedmanuscripts are uploaded.

Manuscripts by authors whose work is funded by the Wellcome Trust will be released
fromaccess control immediately upon publication. Members of the IADR/AADR will be
invoicedS$3,800; non-Members will be billed $4,300 for this immediate access. No separate
page or colorcharges will be assessed.

Authors are required to specify during the submission process if their paper received
fundingfrom NIH or NIDCR and provide the grant number.

The Journal of Dental Research will deposit final, copyedited papers to PubMed Central
onbehalf of the authors.

DEFINITION OF CONTRIBUTORSHIP IN JDR

As stated in the Uniform Requirements for Manuscripts Submitted to Biomedical Journals,
putforth by the ICMJE, the Journal considers the following as an accurate definition
ofcontributorship:

Contributors Listed in Acknowledgments

All contributors who do not meet the criteria for authorship should be listed in
anacknowledgments section. Examples of those who might be acknowledged include a
personwho provided purely technical help, writing assistance, or a department chairperson
whoprovided only general support. Editors should ask corresponding authors to declare
whetherthey had assistance with study design, data collection, data analysis, or manuscript
preparation.

If such assistance was available, the authors should disclose the identity of the individuals
whoprovided this assistance and the entity that supported it in the published article. Financial
andmaterial support should also be acknowledged.

Groups of persons who have contributed materially to the paper but whose contributions
donot justify authorship may be listed under such headings as “clinical investigators”
or“participating investigators,” and their function or contribution should be described—
forexample, “served as scientific advisors,” “critically reviewed the study proposal,”
“collecteddata,” or “provided and cared for study patients.” Because readers may infer their
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endorsementof the data and conclusions, these persons must give written permission to be
acknowledged.

CONTRIBUTOR FORMS

All rights to manuscripts will be transferred to the Journal of Dental Research upon
submission.Submission of a manuscript will constitute each author’s agreement that the
Journal holds allpropriety rights in the manuscript submitted, including all copyrights. Upon
acceptance,contributors will be asked to sign a formal transfer of copyright.Please note that
the Journal of Dental Research secures completed contributor formselectronically via the
SAGETrack online submission and review system. It is important to providea valid e-mail
address for all co-authors listed at the time of submission. In the instance ofmanuscript
acceptance for publication in the Journal, these e-mail addresses will be used todistribute the
contributor forms to co-authors.Without the completion of the contributor forms for all co-
authors listed, accepted manuscriptscannot continue into production, delaying publication.
CHARGES ASSOCIATED WITH PUBLICATION

Page Charges

There is a charge of $40 (U.S.) for every printed page in the Journal of Dental Research.
There isa charge of $25 (U.S.) for every electronic page in a Web appendix. You will receive an
invoicewith your page proofs.

Color Figure Charges

The cost of color figures in the print version will be borne by the authors. Rates for
colorreproduction are $300 per initial page of color and $150 for each additional page of
color.However, there are no charges for figures and diagrams printed in black and white. Color
figuresmany be included in the online version of JDR with no extra charges.
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Reprints can be ordered for material printed in the Journal of Dental Research and online
onlyappendices. Quantities of reprints can be purchased with the reprint order form sent with
pageproofs to the contributors. Pre-payment is required for reprints. Visa, MasterCard,
AmericanExpress and check are all acceptable forms of payment. Authors must pay for color
figures inreprints. Reprints will be mailed from 6 to 8 weeks after the article appears in the
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