Volumetric 3-D digital analysis

A volumetric

3-D digital analysis of
dimensional changes to the
alveolar process at implants
placed immediately into
extraction sockets

Abstract
Objective

The objective of this study was to validate the use of a
novel method to elaborate 3-D data on dimensional
changes to the alveolar process after one year of heal-
ing at implants placed immediately into extraction
sockets.

Materials and methods

Ten consecutive subjects were recruited and in-
cluded in the test. Impressions were taken using
polyvinyl siloxane before tooth extraction and one
year after implant placement, and gypsum casts
were obtained.

Thetwo casts were digitalized using a laboratory
laserscannerandimportedinto two different analy-
sis software programs for 2-D and 3-D analyses. In
order to analyze global errors of the 3-D procedure,
acontralateral control site was included.

Results

The 2-D analysis indicated a tendency to higher horizon-
tal resorption of the alveolar process in the central re-
gions compared with the mesial and distal regions. Simi-
lar results were observed at the lingual/palatal aspect
and inthe global horizontal variation.

The 3-D analysis found that, when the absolute values
were taken into account, the larger the region of interest,
the higher the volume loss, with a positive linear correla-
tion between the two variables (R2 = 0.9346; y = 0.126x).
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The global volume loss in percentage was 12.7 * 3.1%,
of which 5.9 £1.9% was at the buccal and 6.8 £ 2.2% at
thelingual/palatal aspects. The difference between the
two aspects was not statistically significant. Small
variations in volume at the control sites were also ob-
served that represented the errors included in the 3-D
analysis.

Conclusion

The 2-D method can be very useful for understanding
changes at alocalized point. The 3-D method proposed
is faster, more accurate at expressing the volume loss
and correlated to the dimensions of the analyzed region.
The use of this method is consequently highly recom-
mended.
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Implant dentistry, bone healing, extraction socket,

Type | placement, immediate implant, IPIES (implants
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Introduction

A recent systematic review of the literature re-
garding dimensional changes to the hard and
soft tissue after tooth extraction was
evaluated.! A vertical hard-tissue loss of 11-
22% after six months of healing was found.
When the combined hard- and soft-tissue di-
mensional changes were considered, a variation
of +0.1to -0.9 mm after six months and of +0.4
to -0.8 mm after 12 months was found. A hori-
zontal dimensional reduction of the hard tissue
of between 29% and 63% was observed six to
seven months after tooth extraction. When the
combined hard- and soft-tissue dimensional
changes were considered, a loss of 1.3 mm after
three months and of 5.1mm after 12 months was
found. Moreover, the reduction was more rapid
during the first three to six months, followed by
a minor gradual reduction in dimensions there-
after.

Inthat review, the methods of measurement
ofthe dimensionalvariation between the time of
extraction and the subsequent period of re-
analysis were also reported. For the hard tissue,
radiographs, computed tomography scans,
cone beam computed tomography scans, or re-
entry surgical procedures that included stents
orother references were used for the analysis of
the dimensional changes. For the combined
hard- and soft-tissue dimensional changes, the
casts mainly were analyzed.

Dimensional changes to the alveolar process
may be analyzed using digitalized images
(meshes) obtained by various 3-D digital meth-
ods: on casts, using laser scanners and struc-
tured-light 3-D scanners,? or chairside using 3-
Dintra-oral photogrammetric systems. The re-
producibility of these methods has been shown
to be high and their use for analyzing dimen-
sionalvariations of the alveolar process has been
recommended.*® Many of the recent studies
that have used 3-D systems to analyze dimen-
sional variations of the alveolar process, how-
ever, lost substantial information in transform-
ing 3-D data to 2-D measurements.”-8

Volumetric data instead were reported in a
clinical study in which augmentation proce-
dures were used at implants placed in edentu-
lous ridges reduced in volume.® In the study, a
grid was superimposed on the images so that
both the global difference in volume before and
after treatment and the differences in specific
areas were reported.

Volumetric 3-D digital analysis

2-D variations of the hard tissue around im-
plants placed immediately into extraction
sockets have been reported in clinical stud-
ies, % 11 and, in an animal study, combined
hard- and soft-tissue 2-D changes have been
analyzed.’? However, there is a lack of studies
that report volumetric data on combined hard-
and soft-tissue variation at implants placed
immediately into extraction sockets in humans
using a 3-D system. Hence, the aim of the pres-
ent study was to validate the use of a novel
method to elaborate 3-D data on dimensional
changes to the alveolar process after one year
of follow-up at implants placed immediately
into extraction sockets.

Materials & methods

The research protocol was approved by the ethics
committee of Azienda Ospedaliera di Padova, De-
partment of Neurosciences, University of Padua
(protocol #2629P; 10 April 2012).

Patient selection

In order to be recruited for the study, the pa-
tients had to meet the followinginclusion crite-
ria: willing to participate for the duration of the
study and to provide informed consent, at least
18 years of age, in good general health, pres-
enceofatoothtobeextracted, willingtoaccept
the immediate placement of an implant into
the extraction socket, and presence of adjacent
teeth both mesially and distally. The following
exclusion criteria were adopted: pregnancy or
untreated dental disease. Smoking status was
recorded, but was not considered a contraindi-
cationtotreatment. Patients were advised that
smoking is associated with an increased risk of
implant failure.

Ten consecutive subjects were recruited.
Written consent was obtained fromthe patients.
All patients received a careful dental and peri-
odontal examination, followed by oral hygiene
instructions and dental and periodontal treat-
ment, when necessary. All treatments and fol-
low-ups were carried out in one clinicin Italy be-
tween September 2012 and September 2014.

An impression using polyvinyl siloxane (Sky
Puttyand Sky Light, Sweden & Martina, Due Car-
rare, Italy) was taken before tooth extraction
(Time O = TO) and a gypsum cast was obtained
(ORTOTYPO 4, LASCOD, Sesto Fiorentino, Italy).
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Figs.1&2

The two meshes (red TO and
purple T1) superimposed
together were cut seven times
vertically and six times
horizontally using a Python
script for Rhinoceros.

Fig.3

A vertical 2-D cut was taken in
the middle. In red is the
section of the first mesh (TO)
and in black the second mesh
at (T1). The distance between
two points was taken for the
measurements in absolute
values.

Fig. 4

The width of the alveolar
process was also measured.
The red line represents the
width at TO and the blue line
atTl.

Volumetric 3-D digital analysis

Fig.1

Several points used to
determine a value for
horizontal distance

e

Fig. 3

Subsequently, local anesthesia was adminis-
tered and the tooth was extracted. An implant
was immediately placed into the extraction
socket and no filler material or membrane was
used. Implants with a ZirTi surface (Premium TG,
Sweden & Martina, Due Carrare, Italy) were
placed. A cover screw was placed on top of the
implant and resorbable sutures were provided.
No temporary prosthesis was seated. Antibiotics
(amoxicillin 875 mg and clavulanic acid 125 mg
b.i.d. for six days) and analgesics if needed were
prescribed and the patients were enrolled in a
maintenance follow-up. A porcelain-fused-to-
metal crown was provided to the patients ap-
proximately three months after placement. An-
other impression was taken 12 months after im-
plant placement (Time1=T1).

2-D digital analysis

The casts obtained from the first and second
impressions were digitalized using a 3-D laser
scanner (Dental Wings 7Series, Montreal,
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Canada). The meshes (digital models) gener-
ated in this manner were imported into 3-D
elaborating mesh software (Geomagic Studio
and Geomagic Qualify, Geomagic, Berlin, Ger-
many) and cleaned of defects.

The meshes were transformed from a sur-
face to a solid. Subsequently, teeth surfaces
that coincided on the meshes obtained from
both casts were selected and the two digital
models were superimposed, accepting values
of average convergence distance of < 0.Tmm.

The 2-D analysis was performed using the
occlusal plane as the reference plane.” From
this reference, a perpendicular plane in the lin-
gual- or palatal-vestibular direction (cross-
section) was created and the two meshes su-
perimposed were cut (Figs.1&2).

The grid used to section the meshes was made
by taking the middle point of the vestibular
marginal gingiva of the tooth to be extracted as
thereference point(0) and creating verticaland
horizontal planes starting from that point:

Oral Science & Rehabilitation



Fig. 5

Vertically: Seven vertical planes located at +3,
+2,+1,0,-1,-2and -3 mmfrom the mesial (+3) to
the distalaspect (-3);

Horizontally: Six horizontal planes at O (vestibu-
lar marginal gingiva), -1, -2, -3, -4 and -5 mm
from the most coronal (O) to the most apical(-5).

The occlusal plane, the cutting procedure and the
distance analysis were performed with automated
Python scripts for Rhinoceros software (Robert
McNeel & Associates, Seattle, Wash., U.S.) to re-
duce human error during elaboration. Atotal of 42
points for horizontal variation for each side was
tested: 42 at the buccal aspect and 42 at the lin-
gual/palatal aspect. The vertical variation was
measured at seven points at the buccal aspect and
seven points at the lingual/palatal aspect. Using
the measures of the alveolar process at TO and at
T1, the dimensional variations (A) were expressed
inabsolute (Fig.3) andrelative (Fig.4)values(inre-
spect of the total alveolar width).

3-D digital analysis

The 3-D analysis was performed by subtracting
the volume of the second mesh (T1) from that of
the first mesh (T0), generating a resulting vol-
ume that represented the difference between
the two meshes (Boolean difference). Conse-
quently, the software automatically defined the
limits of the volume loss. The region of interest
(ROI) was manually delimited mesially and dis-
tally using as limits a plane crossing through the
middle of the crown of the two adjacent teeth.
The limits of the ROl were decided on because
the main volume changes were included in that
region, as indicated by the mesh-to-mesh devia-
tion (A; Fig. 5) performed with the Rhino Open
Projects for Rhinoceros plug-in.

Using the Geomagic software, the two
meshes (TO and T1) were further cleaned of the
teeth and of apical imperfections derived from

Volumetric 3-D digital analysis

Fig. 6 Fig.7

the technical procedures applied to obtain the
casts. Finally, the delimited areas were elabo-
rated by closing the holes and obtaining a solid
that represented the buccal and lingual/palatal
volume changes (Fig. 6). The file containing the
data on the solid was exported in STL format and
imported into Rhinoceros forvolumetric analysis.

In order to obtain standardized data, the
solid was further elaborated using the Geo-
magic software. Only the outer surfaces were
maintained, while the rest of the solid was
eliminated.

The two outer surfaces were combined to-
gether with bridges and, after closing the gaps
(between bridges), another solid was gener-
ated that represented the global volume of the
alveolar process delimited into the ROl (V-ROI;
Fig.7) before volume changes (i.e., at TO). Sim-
ilar procedures were applied to the correspon-
ding contralateral control site to obtain volume
changes between TO and T1.

Volumetric analysis

The average convergence distance represents
the misfit between the two meshes. The differ-
ences in volume (A) between the meshes of the
two periods at the extraction sites were calcu-
lated as total amount (V-tot), as well as for the
buccal (V-b) and lingual/palatal (V-l) aspects
separately, and expressed in mm?.

In order to reduce the variability associated
with the use of absolute measurements in mm?
due to the dimensional variability of patients’
arches, the relative percentage of loss was also
calculatedinrelationtothe V-ROlat TO. Percent-
ages of the totalamount (V-tot%) and of the buc-
cal (V-b%) and lingual/palatal (V-1%) aspects
were obtained.

At the control sites, the same methodology
for measurements was applied for both absolute
and relative (percentage) values, and the results
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Fig.5

The mesh-to-mesh deviation
utility in Rhino Open Projects.
The red area represents the
volume loss. The area most
affected by resorption
corresponds to about the
vertical middle line of the two
adjacent teeth.

Fig. 6

Palatal and buccal volumes,
isolated from the rest of the
model during 3-D elaboration.
They represent the volume
loss in the ROl and can be
measured as absolute values
in mmd.

Fig.7

ROI volume of the first mesh,
which represents the volume
of the alveolar process at TO,
expressed in mm?.
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were used to define the global errors of the pro-
cedure duetothe Boolean method, superimposi-
tion, impression taking, gypsum castingand 3-D
scanning.

Data analysis

Mean values and standard deviations were
calculated for the 2-D data, while mean val-
ues and standard deviations, as well as the
25t 50 (median) and 75 percentiles, were
calculated forthe 3-D data. Differencesinthe
volumetric variation (A) between the implant
and the contralateral sites were analyzed us-
ing the Wilcoxon signed-rank test. The level
of significance was set at &« = 0.05. In case of
normal distribution, a t-test was also per-
formed.

Results
2-D analysis

Atthebuccalaspect(Table1), atendencyto higher
horizontal resorption of the alveolar process was
seeninthe central regions where tooth extraction
was performed compared with the mesialand dis-
tal regions. Moreover, the resorption had a ten-
dency to be higher at the coronal aspects com-
pared with the apical. The horizontal resorption
varied between 3% and 25%, dependingonthein-
terception point from which it was analyzed, the
highest variation being in the central/coronal re-
gions, andthe lowest being atthe mesiodistal/api-
cal regions. Similar results were observed at the
lingual/palatal aspect (Table 2) and in the global
horizontalvariation (Table 3).

The vertical resorption of the alveolar process
analyzed on the seven vertical cutting planes was
higher in the mesial and distal regions compared
with the central regions at the buccal aspect. A
tendencyto higherresorptionwas seeninthe cen-
tralregions at the lingual/ palatal aspect (Table 4).

3-D analysis

When the absolute values were taken into ac-
count (Table 5), it was observed that the larger
the ROI, the higher the volume loss, with a pos-
itive linear correlation between the two vari-
ables (R?=0.9346; y = 0.126x). The volume loss
was 69.7 + 39.1 mm® and 74.3 + 29.8 mm3at
the buccal and lingual/palatal aspects, respec-
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tively, and a global volume loss of 144.1+ 61.2
mm?® was observed. The global volume loss in
percentage was 12.7 * 3.1%, showing a lower
variability of the results between sites com-
pared with the absolute values (Table 5). The loss
was 5.9 £1.9% at the buccaland 6.8 £+ 2.2% at
the lingual/palatal aspects, the difference not
being statistically significant. Small variations
in volume at the control sites were also ob-
served that represented the errors included in
the 3-D analysis.

Discussion
2-D analysis

The 2-D analysis demonstrated a reduction of the
dimensions at both the buccal and lingual/palatal
aspects. However, the analysis of each intersec-
tion pointand the comparison of all of the patients
were very demanding. Moreover, the variability
per intersection point was very large, making
drawing conclusions using this method difficult. It
is, of course, possible to select just one intersec-
tion point and compare it with the lingual/palatal
aspect or with that of other patients. However, to
perform a complete analysis of the phenomenon,
42 intersection points (such as those that com-
posed the grid) were analyzed.

2-D analysis offers advantages for investiga-
tion of defect shape and for analysis of local de-
fects. However, limits to consider include the use
of 2-D numbersto express 3-D aspects, the lack of
information about the size of the area affected by
the resorption, and the huge amount of data that
must be recorded and that require a great deal of
time to analyze.

Moreover, greatvariability in resorption exists,
depending on where the volume loss is investi-
gated. In the present study, a horizontal mean
global volume loss of 3.8-43.9% in the analyzed
area made it impossible to summarize the phe-
nomenon with a unique number that expresses
the volume loss. For the vertical loss in the 2-D
analysis, the results have to be reported in mil-
limeters, since it does not seem to be appropriate
to report data in percentages because of the lack
of areference dimension.

3-D analysis

The 3-D analysis showed that shrinkage of the vol-
ume of the alveolar process occurred at both the
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Table 1

Table 2

Table 3

Volumetric 3-D digital analysis

vP3 VP2 VP1 VPO VP-1 VP-2 VP-3
HP O -14.8 (7) A175(46) | -24.0(24.0) | -16.8(17.8) | -20.0(15.9) | -18.0(10.5) | -12.5(5.7)
HP -1 127(65) | -15.7(7.0) A76(82) | -159(75) | -157(6) 112.5(3.3) -9.5(4.4)
HP -2 -9.1(5.6) M0(.8) | -122(51) 9@ | -10.6(3.4) -9.2(3.8) 7.0 (3.6)
HP -3 -6.7 (51) -81(5.5) -8.8 (5.0) -8.9 (4.7) -8.3(4.3) -6.7(3.7) -5.0(2.9)
HP -4 -46(4.7) -57(5.3) -5.9(5.0) -5.6 (4.4) -51(3.7) -41(2.9) -3.0(2.3)
HP -5 -2.6(37) -3.3(4.3) -3.6(4.2) 3.4 (4.2) -31(3.9) -2.6(31) 2.0 (2.4)
VP3 VP2 VP1 VPO VP-1 VP-2 VP-3
HPO -94(39) | -147(42) | -199(78) | -241(147) | -20.9(8.4) | -197(9.5) | -17.9(13.6)
HP -1 76(56) | -N1(56) | -146(9.2) | -177(127) | -15.4(101) | -1.8(66) | -85(4.6)
HP -2 -41(37) -6.0(3.7) 76 (4.6) -8.7(4.8) -8.1(4.5) -6.8(3.9) -5.2(3.0)
HP -3 2.7(2.0) -3.3(2.3) -4.3(2.8) -4.8(2.7) -4.6 (2.4) -41(21) -3.5(2.0)
HP -4 A17(1.4) -2.0(1.8) -2.7(2.0) 2.9(18) 2.9(18) -2.8(18) 27(17)
HP -5 1.2(1.3) A17(1.4) A5(17) 2.0 (1.9) 2.2(16) -21(15) -21(15)
VP3 VP2 VP1 VPO VP-1 VP-2 VP-3

HPO 2422 -32.2 -43.9 -40.9 -40.9 -37.8 -30.4

HP -1 -20.4 -26.8 -32.2 -336 -311 243 -18.0

HP -2 132 7.0 119.8 -20.6 1187 159 122

HP -3 9.4 1.3 4131 1137 129 1108 -85

HP -4 -6.2 76 -8.6 -8.5 79 -6.9 57

HP -5 -38 4.4 -52 5.4 -53 -47 -4.0

buccal and lingual/palatal aspects after tooth ex-
tractionandimmediate placement of animplantin
the extraction socket. A global volume loss of
12.7% was observed, being 5.9% at the buccal and
6.8% atthelingual/ palatalaspects. The difference
was not statistically significant. These outcomes
differ from those reported on 2-D variations of the
alveolar process?® or of the bony crest.1>1! Inthose
studies, however, a single reference point was
used, while the global volume of the ROl was ana-
lyzed in the present study. Moreover, the studies
on bony crest variation did not include measure-
ments of soft-tissue dimensions. It has to be con-
sidered that the procedure used in the present
study allowed forthe use of 2-D datatoo regarding
asingle intersection point or single plane, and this
may have permitted a more complete analysis.
The 3-D method can be affected by various er-
rors related to the impression, model fabrication,
3-D scanning (reverse engineering phase), mesh

creation, 3-D elaboration and superimposition.
Inthe present study, the dimensionalvariations
between the two periods (TO and T1) at the con-
tralateral sites were also analyzed. Small varia-
tions were found, most likely due to the errors
included in the method. The differences be-
tween the implant sites and the contralateral
sites were highly statistically significant. This,
in turn, meant that these errors did not affect
the datathat this 3-D method produced and the
volume differences found were not due to the
caseortoerrors, buttothe biological phenome-
non of resorption.

In the present study, a positive linear corre-
lation between the globalvolume of the ROl and
the volume loss was found. This means that the
largerthejaw, the largertheresorption. This ob-
servation makes it senseless to investigate vol-
ume loss with a superimposed standardized
grid for analysis. In fact, in the present study, a
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Table1

2-D analysis. Mean values and
standard deviations of the
horizontal reduction of the
buccal aspect of the alveolar
process at the 42 intersection
points in %.

HP = Horizontal plane;

VP = Vertical plane.

Table 2

2-D analysis. Mean values and
standard deviations of the
horizontal reduction of the
lingual/palatal aspect of the
alveolar process at the 42
intersection points in %.

HP = Horizontal plane;

VP = Vertical plane.

Table 3

2-D analysis. Global horizontal
reduction of the alveolar
process in % represented by
the sum of the mean values of
the buccal and lingual/palatal
reduction at the 42
intersection points.

HP = Horizontal plane;

VP = Vertical plane.



Volumetric 3-D digital analysis

Table 4
Vertical plane Buccal aspect Lingual/palatal aspect
2-D analysis. Mean values and
standard deviations of the 3 1.4 (0.6) -11(0.5)
vertical reduction of the buccal
and lingual/palatal aspects of 2 -1.2(0.4) -1.2(0.6)
the alveolar process at the
most coronal of the seven ! -08(05) 15(06)
intersection points in mm. 0 -0.5(0.7) -1.3(1.2)
-1 -0.6 (0.9) -1.5(0.8)
-2 -0.9 (0.6) -11(1.6)
-3 -1.2 (1.0) -1.0 (1.6)
AV-b mm?® AV-lmm® | AV-totmm®| V-ROl mm? AV-b% AV-1% A V-tot%
Mean (S.D.) 69.7 (39.1) 74.3 (29.8) 1441 (61.2) |1202.9 (524.4) 5.9 (1.9) 6.8(2.2) 12.7 (3.)
Test implant site . N N N R N R
Median 63.8 75.5 134.3 1288.5 6.4 6.7 12.9
(25%; 75% percentiles) | (34.4;105.4) | (49.6; 88.8) | (106.0;174.5) ((895.3;1557.8)| (5.4;7.1) (5.6; 8.3) (11.8;13.4)
Mean (S.D.) 1.98 (1.74) 3.31(4.04) 5.29 (5.24) |1202.9(524.4)| 0.8 (0.13) 0.39(0.42) | 0.57(0.50)
Contralateral
control site Median 173 2.67 4.02" 1288.5 0.19" 0.20" 0.45
(25%; 75* percentiles) | (0.60; 3.31) (0.7; 3.61) (2.23;7.11)  |(895.3;1557.8)| (0.11; 0.26) (0.02;0.77) | (0.18;0.98)

“A p-value of < 0.05 between the test and control sites.

Table 5

3-D analysis. Mean values,
standard deviations (S.D.),
medians, and 25 and 75"
percentiles of the volume
reduction of the alveolar
process in absolute values in
mm? and in % at the test and
control sites.

standardized grid was used with squares of
1T mm in dimension and not a grid that was
adapted in dimensions to those of the alveolar
process. It has to be considered that the dis-
tance between the two adjacent teethis not the
same in different locations and in different sub-
jects, sothe area covered by a standardized grid
does not include the whole ROI. Moreover, the
measures taken in each intersecting plane do
not represent the same position in all patients.
Consequently, the grid should be adapted to the
dimension of the space between the two adja-
centteeth. The use of 2-D analysis may be com-
parable if used in the middle of the ROI be
cause it is a reference plane easily detected in
allmodels.

From a clinical perspective, the 3-D method
may help clinicians to understand in a more ob-
jective manner what happens to the alveolar
process after tooth extraction and the immedi-
ate placement of animplant. Differentiation be-
tween hard- and soft-tissue loss cannot be ex-
pressed by the data from this 3-D method and
requires a different approach, such as surgical
re-entry or radiographic assessment. The 3-D
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analysis used in the present study was found to
be fast, accurate and noninvasive.

Conclusion

The 2-D method can be very useful for under-
standing changes at a localized point. The 3-D
method proposed is faster, more accurate at ex-
pressingthevolume loss and correlated to the di-
mensions of the analyzed region. The use of this
method is consequently highly recommended.
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