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The digital revolution is changing the world, and dentistry is
no exception.

The introduction of a whole range of digital devices
(intraoral, extraoral, face scanners and cone beam computed
tomography (CBCT) with low dose radiation) and process-
ing software (computer-assisted-design/computer-assisted-
manufacturing (CAD/CAM) prosthetic software, software
for planning implant surgery), together with new aesthetic
materials and powerful manufacturing and prototyping tools
(millingmachines and 3D printers), is radically transforming
the dental profession.

Classically, case history and physical examination,
together with X-ray data from two-dimensional radiology
(periapical, panoramic, and cephalometric radiographs),
represented the necessary preparatory stages for formulating
a treatment plan and for carrying out the therapy. With
only two-dimensional X-ray data available, making a correct
diagnosis and an appropriate treatment plan could be
difficult; therapies essentially depended on the manual skills
and experience of the operator.

Today, the digital revolution is changing the workflow
and consequently changing operating procedures. Inmodern
digital dentistry, the four basic phases of work are image
acquisition, data preparation/processing, the production, and
the clinical application on patients.

Image acquisition is the first operational phase of digital
dentistry and this employs powerful tools such as digital
cameras, intraoral scanners, and CBCT.

Digital photography, combined with the use of appro-
priate software for image processing, allows us to design a

patient’s smile virtually: this is digital smile design, a valuable
tool for previsualization and communication in modern
aesthetic and cosmetic dentistry.

Intraoral scanners allow us to take accurate optical
impression of the dental arches, using only a beam of light.
The optical impression is now supplanting the classic method
with tray and impression materials: this last procedure, never
liked by patients and often technically difficult, is likely to dis-
appear over the next few years.The information on dentogin-
gival tissues acquired from an optical impression can be used
not only tomake a diagnosis and for communication, but also
to design prosthetic restorations. Indeed, optical impression
data (e.g., the scanning of prosthetic preparations) is easily
imported into processing software for designing/planning
prosthetic restorations; the models created in this way are
then physically produced with materials of high aesthetic
value, with powerful milling machines. These restorations
are then delivered to patients. In simple cases (e.g., in the
case of inlays/onlays, temporary restorations in resin or single
crowns), all these procedures can be performed directly in
the dental office, without the help of a dental technician,
through a “full in-office” or “chairside” procedure. In the
case of more complex restorations (such as crowns and
monolithic bridges or copings and frameworks which need
to be veneered with ceramic), collaboration with a dental
technician is fundamental. Optical impressions can find
application in orthodontics and surgery, too. In orthodontics,
they are useful in diagnosis and in the design of a whole
series of custom devices, such as invisible aligners. In surgery,
optical impressions allow useful data to be obtained for
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the planning of implant operations. Indeed, information on
dentogingival tissues can be combined and overlaid with
that relating to the patient’s bone structure obtained from
CBCT, by using specific planning software packages. Within
these processing software packages, the surgeon can design
templates for guided implant placement, which are physically
manufactured by milling or 3D printing and used clinically.
Implants positioned through a guided surgical procedure can
be loaded immediately, using prosthetic restorations in resin,
printed in 3Dbefore the fixtures are positioned.This is known
as the “full-digital” technique.

The data obtained by CBCT can also be used for design-
ing personalized implants (“custom-made”), or personalized
bone grafts, to be used in implant and regenerative surgery,
respectively. In fact, by importing data from CBCT into
specific modelling software, it is currently possible for the
surgeon to design a whole series of customized implants
(root analogue implants, blade implants, and maxillofacial
implants); such implants can be physically produced by
means of additive manufacturing and 3D printing proce-
dures, such as direct metal laser forming (printing of metals).
The use of customized implants offers the patient several
advantages. With 3D printing techniques (the real “third
industrial revolution”) becoming established in the biomed-
ical field, the cost of equipment will fall and the printers will
also increasingly become accessible to dental professionals:
hence, it is likely that such modelling procedures and the
fabrication of “customized” implants will spread.The produc-
tion of personalized bone grafts for regenerative surgery also
comes under this heading. The possibility of using custom-
made bone grafts, offering macro- and microtopography
with controlled characteristics, represents an undoubted
advantage for the practitioner and for the patient. In fact,
the availability of customized grafts which fit the individual
patient’s bone defect perfectly will greatly simplify and speed
up otherwise complex regenerative operations; reducing the
surgical time will allow the risk of infection to be lowered and
improve healing. Thus, the outcome of regenerative therapy
will also be improved with significant benefit for the patient.

In this special issue, the first in the world dedicated
entirely to the topic of digital dentistry, you will find that
we have gathered together a number of scientific and clinical
papers which deal with various “digital” themes: we hope that
you will find them interesting and that they will attract your
attention.

Francesco Mangano
Jamil A. Shibli
Thomas Fortin
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The purpose of this retrospective study was to clinically evaluate the benefits of adopting a full digital workflow for the
implementation of fixed prosthetic restorations on natural teeth. To evaluate the effectiveness of these protocols, treatment plans
were drawn up for 15 patients requiring rehabilitation of one or more natural teeth. All the dental impressions were taken using a
Planmeca PlanScan� (Planmeca OY, Helsinki, Finland) intraoral scanner, which provided digital casts on which the restorations
were digitally designed using Exocad� (Exocad GmbH, Germany, 2010) software and fabricated by CAM processing on 5-axis
milling machines. A total of 28 single crowns were made from monolithic zirconia, 12 vestibular veneers from lithium disilicate,
and 4 three-quarter vestibular veneers with palatal extension. While the restorations were applied, the authors could clinically
appreciate the excellent match between the digitally produced prosthetic design and the cemented prostheses, which never required
any occlusal or proximal adjustment. Out of all the restorations applied, only one exhibited premature failure and was replaced with
no other complications or need for further scanning. From the clinical experience gained using a full digital workflow, the authors
can confirm that these work processes enable the fabrication of clinically reliable restorations, with all the benefits that digital
methods bring to the dentist, the dental laboratory, and the patient.

1. Introduction

It is very frustrating for dentists to complete a prosthetic
rehabilitation, whether complex and simple, only to discover
that the oral situation does not correspond to the dental
technician’s casts.

A wide variety of materials and techniques are available
for taking impressions of the oral cavity.

The complexity consists in acquiring critical knowledge
of the various impression materials (polyethers, polyvinyl
siloxanes, polysulfides, hydrocolloids and others) in terms
of both their chemical-physical characteristics and their
different clinical use and handling [1].

In the age of digital dentistry, we can now replace these
various impression materials with an intraoral scanner [2].

Intraoral scanners represent the first step in a totally
digital process of design and fabrication of dental prostheses.

The possibility of implementing prosthetic restorations,
on both natural teeth and implants, using fully digital

workflows is now a reality, and any clinic can avail of
the modern digital methods to improve its daily clinical
practice.

The advantages of the digitalmethod not only are in terms
of the new range of materials that can be used but also can be
seen along the entire workflow, from impression and design,
for completion of the prosthesis [3–6].

The methods for scanning dental arches using intraoral
systems provide comparable impressions to traditional mate-
rials in terms of clinical accuracy [7], eliminating operator-
dependent variability, reducing the time and treatment costs
for rehabilitation, and improving patient compliance [8–11].
There are also several benefits for patients: scan requires
less time than taking conventional impressions, the images
can be immediately analysed by the operator, and it can be
easily repeated, if necessary, either entirely or partially. In
addition, the dimensions of the scanner tip make it much
more comfortable in terms of encumbrance than the use of
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traditional materials, particularly for patients with a sensitive
gag reflex or fear of choking [12–14].

Thepurpose of this paper is to present a fully digital work-
flow based on the latest techniques, now widely validated,
from digital scan of intraoral impressions and processing
with CAD dental design software to fabrication through the
prototyping of diagnostic crown and subtraction milling of
the finished prosthetic tooth in order to standardise the
workflow and minimise possible errors.

2. Materials and Methods

2.1. Patient Selection. This is a clinical follow-up examination
of 14 patients who had been given single-unit or multiple-
unit zirconia and lithium disilicate crowns and veneers by
seeking tomake the best use of the newworkingmethods and
implement fully digital workflows. The clinical phases were
conducted in the period from January 2014 toDecember 2014.

The clinical cases were selected based on the following
parameters: eight patients requiring fixed prosthetic rehabil-
itation on individual natural teeth were initially selected to
perfect the technique and reduce the author’s learning curve,
three more patients were then selected needing prosthetic
rehabilitation on two adjacent teeth, followed by two patients
requiring work on up to four teeth distributed between
both dental arches and, finally, a complicated prosthetic
rehabilitation on natural abutments was completed on a
patient with multiple abrasions, loss of vertical dimension,
and reduction in clinical crown height.

Patient’s inclusion criteria were age of at least 18 years,
without any systemic pathologies, sufficient oral hygiene, low
caries activity with less than five new restorations during
the preceding five-year period, with no signs of active bone
resorption, furcation involvement, periapical pathology, or
mobility. Only natural teeth or fixed prosthesis without
treatment needs was accepted as antagonists. Root canal
therapy had been conducted, where necessary, on the selected
teeth at least six months before the prosthetic rehabilitation,
and they had to be symptom-free with no X-rays signs of
periapical lesion. Teeth that had still been vital, with no
need for root canal therapy, had remained vital. Periodontal
health was required: probing depth <4mm, maximum grade
1 mobility, and no vertical bone pocket.

2.2. Intraoral Scan. All the impressions required for the
implementation of the arranged treatment plans were taken
using a Planmeca PlanScan intraoral scanner (Planmeca
OY, Helsinki, Finland). This is a device that relies on short
wavelength laser light projection (450 nm).The scanner does
not require the application of powder on the intraoral surface
and it has several interchangeable autoclavable tips, in various
sizes, to suit the clinical situation. It can be used simply
by connecting it to a computer or prepared dental unit,
allowing it to be operated easily in various workstations.
In addition, the scanning software allows digital casts to
be exported in the open STL format, giving the clinician
complete freedom in the management of the subsequent
stages of the prosthetic rehabilitation using Exocad software
(Exocad GmbH, Germany, 2010).

Figure 1: Intraoral preoperative conditions. Notice widespread
cervical abrasions and abfractions.

Figure 2: 3D image of the preoperative situation originated from
the intraoral scan.

To validate the procedure, two stepswere taken during the
first cases: prototype casts were created in order to test the
accuracy of the prosthetic restoration, and resin diagnostic
crowns were made to be tested and modified, if necessary,
directly in the patient’s mouth. After verifying the reliability
of the technique, we decided to eliminate these two steps.

2.3. The Full Digital Workflow. A total of four clinical ap-
pointments were initially required:

(i) Scanning of the arches performed with the intraoral
scanner (IS) to allow the design of the temporary
crown based on the digital casts (Figures 1 and 2).
All the scanning was performed using a Planmeca
PlanScan (Planmeca Oy, Helsinki, Finland), which
does not require the use of opacifying powder. We
first produced a scan of the entire arch involved as
far as the second molar, followed by a scan of the
opposite arch with a similar extension, and then a
scan of both arches in the maximum intercuspation
position (MIP), which allowed the imaging software
to immediately relate the two scans.

(ii) Dental preparation and adjustment of the resin tem-
porary crown milled from PMMA are carried out
(Figure 3); scanning of the final intraoral impres-
sion is performed if the marginal periodontium was
not affected by the fitting of the temporary crown;
otherwise scanning was scheduled for the follow-
ing session. The final scanning was similar to that
described for the temporary crown (Figure 4). The
only difference was that two gingival retraction cords
were positioned in the gingival sulcus of the prepared
teeth, with the more coronal one removed a few
moments before taking the impression.
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Figure 3: Clinical evaluation of the aesthetic and functional out-
come of the provisional.

Figure 4: Intraoral digital scan of the preparations of both dental
arches.

Temporary PMMA restorations were cemented with
eugenol-free cement (Temp Bond NE, Kerr GmbH,
Rastatt, Germany, or Freegenol, GC, Bad Homburg,
Germany).

(iii) Try-in procedure is as follows: fitting the resin (Fig-
ure 5) and making any necessary occlusal and/or
proximal adjustments on the diagnostic crowns.
The diagnostic crowns were obtained using the
020DDigitalWax� rapid prototypingmachine (DWS,
Vicenza 2007), featuring a BluEdge� laser source,
which combines high speed with precision and sur-
face quality. It also has a vertical positioning device
that allows the base of the modelling platform to
emerge to an extent corresponding to the thickness
of the solidified layer, thanks to its synchronised
laser. The photosensitive resin for DigitalWax RD096
stereolithography systems (DWS, Vicenza 2007) was
used, which provides high definition, high resolution,
and durability.
A third scan was then performed and imported into
the CAD software Exocad (Exocad GmbH, Germany,
2010) in order to transfer on the digital project any
clinical adjustment achieved on the diagnostic crown.
This third scan was performed with an intraoral scan
of the diagnostic crowns in the right position and an
extraoral scan of the crowns themselves focusing on
the cervical design.

(iv) Delivery and cementing of the final prosthesis are
carried out (Figures 6 and 7).

Figure 5: Clinical test and evaluation of the definitive crowns design
through the 3D printed crowns: analysis of the finishing lines,
interproximal areas, occlusal contacts, and aesthetic result.

Figure 6: Development of the 3D design project of the definitive
crowns.

The materials selected for the construction of the
prostheses were lithium silicate and monolithic zir-
conia due to their biocompatibility, biomechanical
behaviour, aesthetic qualities, and diamagnetic char-
acteristics.
All the final prostheses, both monolithic zirconia
single crowns and vestibular lithium disilicate and
three-quarter lithium disilicate vestibular veneers
with palatal extension,were fabricated using aGranite
5-axis numerically controlled milling machine by
Dental Machine (Dental machine, Piacenza, Italy).
All 5 axes are interpolated continuously andmanaged
by electronically controlled brushless digital motors,
with automatic current and position management,
and are able to work with all materials (wax, PMMA,
various resins, composite material, presintered zirco-
nia or aluminum oxide, lithium disilicate titanium
(grades 2 and 5), and Cr-Co alloy).
All the zirconia monolithic crowns were milled out of
Zirite� discs (Kéramo, Tavernerio, Como, Italy): iso-
static pressed partly sintered zirconium oxide stabi-
lizedwith yttriumand colored byColorodentNANO-
ZC� (Orodent, Castelnuovo del Garda, Verona, Italia)
colorant immersion for 3–8 seconds depending on the
thickness of the restoration and sintered according
to the manufacturer’s instructions in a Nabertherm
sintering furnace (Nabertherm GmbH, Lilienthal,
Germany).
Lithium disilicate veneers were milled from IPS�
e.max pressed ceramics blocks (Ivoclar Vivadent,
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Table 1: Number of single zirconia crowns (Zn); multiple unit prosthetic rehabilitation with zirconia crown (Zn) and lithium disilicate
vestibular veneer (DSL vest. veneer); complex rehabilitation with single zirconia crown (Zn), lithium disilicate vestibular veneer and lithium
disilicate vestibular veneer with palatal extension (DSL 3/4 veneer) and their distribution in posterior (P: premolars, molars) and anterior (A:
incisors and canines) areas.

Single crown Multiple unit Complex rehabilitation
Zn Zn DSL vest. veneer Single Zn crown DSL vest. veneer DSL 3/4 veneer
P P A P A A P
8 10 2 8 2 10 4

Figure 7: Clinical intraoral result after cementation.

Schaan, Liechtenstein), colored with IPS e.max CAD
Crystall Shades (Ivoclar-Vivadent, Schaan, Liechten-
stein), and crystallized in ceramic furnaces following
the manufacturer’s instructions.

The marginal fit of the abutments was assessed with
a silicone pressure indicator paste (Fit Checker, GC,
Bad Homburg, Germany).

The lithiumdisilicate restoration surfaces were etched
with 5% hydrofluoric acid (IPS Ceramic Etching
Gel, Ivoclar Vivadent, Schaan, Liechtenstein) for 60
seconds and then rinsed and air-dried. Then silane
Monobond Plus (Ivoclar Vivadent) was applied and
allowed to react for 20 seconds. The inner restoration
surfaces of Zirconium crowns were sandblasted and
cleaned in an ultrasonic unit for about 1 minute and
then rinsed and air-dried. Abutment surfaces were
conditionedwithMultilink PrimerA/Bmixed in a 1 : 1
ratio and applied and scrubbed for at least 30 seconds.
All restorations were luted adhesively with a self-
curing luting composite Multilink Automix (Ivoclar
Vivadent, Schaan, Liechtenstein).

Finally, static and dynamic occlusions were checked
with a 40 𝜇 microthin Articulating Papers (Bausch,
Köln, Germany).

Initially, a total of four clinical appointments were
required: preparation and adjustment of the tempo-
rary crown, scanning for the intraoral impression,
testing of the diagnostic crown, and delivery and
cementing of the final prosthesis. Later on, when the
operators had gained more experience, we were able
to avoid the clinical test on the diagnostic crown
and reduce the appointments to three by applying

occlusal andproximal adjustments directly to the final
prosthesis.

2.4. The Follow-Up. The clinical examination and radio-
graphic checkups were scheduled for one month after the
final cementing, six months, and one year.

The recall examination was accomplished by the two
operators that conducted the treatments. Both biologi-
cal and technical parameters were recorded during each
recall.

Biological parameters included probing depths of the
abutment teeth, its papilla bleeding index (PBI), secondary
caries, endodontic complications, and fractures of the abut-
ment teeth. Technical evaluation included fracture or chip-
ping of the crown or veneer, loss of retention wear or surface
roughness, and aesthetic characteristics.

The parameters recorded for vestibular veneers, three-
quarter vestibular veneer with palatal extension, and crowns
were the same.

3. Results

A total of 44 prostheses were installed in 14 patients (8
women and 6 men). Of these, 8 patients were selected for
single crown rehabilitation on posterior teeth with milled
monolithic zirconia (5 women and 3 men); 5 patients needed
multiple unit prosthetic rehabilitation: of these 2 required
monolithic zirconia crown on two adjacent posterior teeth
(2 men), 1 woman required two lithium disilicate vestibular
veneer on anterior teeth, and two women needed zirconia
monolithic crown on three teeth distributed between both
dental arches. Finally, complete prosthetic rehabilitation was
accomplished: it consisted of 10 monolithic zirconia single
crowns (8 on posterior teeth and 2 on anterior teeth), 10
lithium disilicate vestibular veneers, and 4 lithium disilicate
vestibular veneer with palatal extension (Table 1).

None of the final prostheses made using the digital
method needed adjustment of the occlusal and interproximal
surfaces, while the occlusal adjustments to the diagnostic
crowns were entirely comparable to those performed on
prosthetic devices made in the traditional manner.

No failure of the prosthetic component occurred on any
of the crowned teeth. In one single case, therewas a fracture of
a three-quarter vestibular veneer with palatal coverage on one
premolar, attributed to an occlusal overload. There was no
need to reprocess the digital cast, as the CAD STL processing
file was used for remilling, so that the veneer could be directly
replaced. After balancing the tooth contact as well as possible
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and instructing the patient to use a protective night guard, the
problem no longer occurred.

4. Discussion

CAD/CAM digital processing, just like traditional process-
ing, requires a digital cast from which the restoration can
be designed. The digital cast can be obtained by digitising
a physical cast, generated from traditional impressions, or
based on a cast created digitally using an intraoral scanner.

Both the laboratory scanner and the intraoral scanner
provide clinically acceptable accuracy for the creation of
prosthetic structures [15, 16].The former, however, is affected
by intrinsic errors and variability due to the use of conven-
tional impression materials and their development in plaster.
Intraoral scans can greatly facilitate and standardise dental
impression taking also in more difficult cases such as full-
arch scans [17] and even in the case of edentulous arches [18],
although further clinical studies would need to be conducted
for these types of clinical cases. It should be noted, however,
that there is some variability with regard to the precision and
accuracy of various intraoral scanning systems [19].

The advantages of using the digital method also include
considerable saving of time and steps, both for the dentist
in the clinic and for the dental technician in the laboratory.
Compared with traditional impressions, digitalised impres-
sions dispense with the need to select an impression tray, the
consumption of material, the disinfection of the material and
the impression tray, and the need for packaging and delivery
of the impression. Thanks to this technique, the laboratory
can now dispense with the steps of casting the impression and
refining the cast and the use of articulators.

A study by Lee and Gallucci has also shown that the
digital method is noticeably more appreciated by operators
than the traditional method and that its application enables
considerable savings in time [20].

Acquisition andmastery of the technique by the operators
was much simpler and more efficient, given the possibility of
modifying and rescanning during the course of the work [21].

CAD/CAMprocessingmethodswere among the first dig-
ital innovations to be introduced to dentistry in around 1980
[22]. They allow processing of traditional materials, such as
cobalt-chromium alloys, composite and acrylic resins, felds-
pathic ceramics, some reinforced glass ceramics, and wax
through subtraction processes, using CNC milling machines
[23]. These machining processes are faster and less expensive
compared to traditional processing, while maintaining an
excellent level of quality [24]. One of the main benefits of
using CAD/CAM methods, however, is the possibility of
working with materials that otherwise could not be used in
dentistry. These materials include titanium, titanium alloys,
and polycrystalline ceramics such as zirconium oxide.

Thanks to its characteristics, zirconium oxide has now
become one of the most widely used materials for the fab-
rication of fixed prostheses with CAD/CAM [25] processing.
It has high resistance to bending and fracture, a low specific
weight compared to other prosthetic materials, and diamag-
netic behaviour in the event that an MRI scan is required.
However, its aesthetic superiority to metal structures, the

possibility of being more conservative with hard dental
tissues, as thicknesses can be reduced compared to those
of metal-ceramic crowns, its excellent biocompatibility, and
the possibility of achieving metal-free restorations are the
reasons for the increase in its use. The biocompatibility of
zirconia has been demonstrated in numerous in vitro [26]
and in vivo [27, 28] studies, which have shown the absence
of cellular genome mutations and other adverse reactions in
biological tissues exposed to the samples of zirconium oxide.
These same studies show that its high biocompatibility is
mainly due to its intrinsic ionic stability, which minimises
the inflammatory response. Zirconia is now used for the
production of prosthetic substructures, implant abutments,
monolithic restorations including inlays, crowns, bridges and
full arches, and orthodontic brackets [29].

Contrary to what is often believed, the milling of zirco-
nium oxide requires a very reliable and structurally stabile
removal system. In fact, when milling a disk of the material
in the green state, the speed, force, and movements of the
machine have to be controlled and supervised in order to
prevent fractures (visible or invisible and very insidious) and
the oversizing of undercuts.

For this reason, we used a 5-axis industrial milling
machine with tools capable of ensuring excellent milling pre-
cision on thicknesses of 1.5 tenths, thanks to their structural
stability and shrink-fit mounting system.

This result, after sintering in the kiln and first color-
ing to bring out its potential translucency, proves visibly
and palpably to be a surprisingly thin artefact, capable of
adapting perfectly to the anatomical structure of the patient’s
tooth.

This study is concordant with the literature already
available in affirming that the possibility of digitally designing
a prosthetic artefact directly from the scanned model, thus
avoiding the traditional steps of taking an impression and
casting the model, reduces the possibility of error and
improves the marginal precision of the prosthesis and the
proximal contacts [30].

5. Conclusion

The authors agree with the literature in affirming that the
entire digital workflow, from the scanning of the impression
to the fabrication of the prosthetic product, has been proven
to be reliable and reproducible in clinical practice.

Although further comparative studies on the precision
and accuracy of intraoral scanners may be necessary, the
clinical outcome, improved patient compliance, and saving
of time and materials achieved with this method represent
a significant advance in prosthetic dentistry, and the choice
of innovative materials that it allows is undoubtedly an
important step in scientific and biological progress.
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The present paper was aimed at reporting the state of the art about lithium disilicate ceramics.The physical, mechanical, and optical
properties of this material were reviewed as well as the manufacturing processes, the results of in vitro and in vivo investigations
related to survival and success rates over time, and hints for the clinical indications in the light of the latest literature data. Due
to excellent optical properties, high mechanical resistance, restorative versatility, and different manufacturing techniques, lithium
disilicate can be considered to date one of the most promising dental materials in Digital Dentistry.

1. Introduction

In the last decade, the development of new technologies
has moved in parallel with a rapid evolution of restorative
materials on the rails of Digital Dentistry, opening new
horizons in the field of Prosthodontics. The implementation
in the daily practice of the most advanced technologies, like
CAD/CAM, laser-sintering/melting, and 3D-printing, has
got a synergic impulse from the enhanced mechanical and
manufacturing properties of the new generation of dental
materials: high strength ceramics, hybrid composites and
technopolymers, high precision alloys, and so forth. Among
these, metal-free ceramics offer unchallenged advantages like
high esthetic potential, astounding optical characteristics,
reliable mechanical properties, excellent consistency in terms
of precision and accuracy due to themanufacturing technolo-
gies, lower costs, and more convenient production timing.
In particular, lithium disilicate in the last years has gained
maximum popularity in the dental scientific community,
offering undeniable advantages.

2. Physical-Mechanical Properties and
Fabrication Techniques

Lithium disilicate (SiO
2
-Li
2
O) was introduced in the field of

glass ceramics in 1998 as a core material, obtained by heat-
pressing ingots (Empress 2, Ivoclar Vivadent, Lichtenstein),
with a procedure similar to the lost-wax technique used
for dental alloys (lithium disilicate heat extrusion at 920∘),
showing an optimal distribution of the elongated, small,
needle-shaped crystals in a glassy matrix with a low number
and small dimensions of pores [1]; the core is eventually
veneered with fluorapatite-based ceramics, showing notice-
able translucency and, at the same time, higher flexural
strength (350MPa) compared to older glass ceramics like
the leucite-based ones [2, 3]. Such a material has been
discontinued since 2009, replaced in the market by an
upgraded typology of lithium disilicate, IPS e.max Press
(Ivoclar Vivadent, Schaan, Liechtenstein), in which both
the optical and mechanical properties have been enhanced
by introducing technical improvements in the production
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processes [4]. The crystals are smaller and more uniformly
distributed; at the same time, this new,more versatilematerial
has introduced the possibility of producing anatomically
shaped, monolithic restorations, with no veneering ceramic,
just colored on the surface; this innovative indication has
become more and more popular in the last years, highly
reducing technical complications like chippings and frac-
tures, mainly used for restorations in the posterior areas,
where such failures have been shown to be more frequent
[5–11]. In order to accommodate the material to the needs
of chairside CAD/CAM production processes, another tech-
nique has been introduced, based on the use of partially,
precrystallized blocks (IPS e.max CAD, Ivoclar Vivadent),
containing both 40% lithium metasilicate (Li

2
SiO
3
) crys-

tals and lithium disilicate (Li
2
Si
2
O
5
) crystal nuclei; it is

available in different shades and degrees of translucency,
depending on the size and density of crystals. In the initial
condition, such machineable, bluish blocks show moderate
hardness and strength (around 130MPa); consequently, they
are easier to mill, reducing wear of the machining devices
at the same time, with evident advantages during chairside
procedures [12]. After milling, heat treatment (840–850∘ for
10min) determines full crystallization of thematerial: lithium
metasilicates tend to evolve to form lithium disilicates (70%)
[13], increasing the flexure strength up to 262 ± 88MPa [14]
with a fracture toughness of 2.5MPa⋅m1/2 [15]. Compared
to the e.max CAD, hot-pressed lithium disilicate exhibits
better mechanical properties, like higher flexure strength
(440MPa) and fracture toughness (2.75MPa⋅m1/2 - IPS
e.max Press, Ivoclar Vivadent) [16].

The fabrication processes and machinability affect the
restorative quality of monolithic lithium disilicate glass
ceramics. A recent investigation analyzed the diamond tool
wear, chip control, machining forces, and surface integrity
of lithium disilicate after occlusal adjustments. Minimum
bur wear but significant chip accumulation was evidenced;
furthermore, machining forces were significantly higher
than with other glass ceramics. Although the final surface
roughness of lithium disilicate was comparable to other
glass ceramics, occlusal adjustment caused intergranular
and transgranular microcracks, resulting in shear-induced
plastic deformations and penetration-induced brittle frac-
tures; such behavior is distinctive of lithium disilicate and
very uncommon in other glass ceramics. Consequently,
lithium disilicate should be considered the most difficult to
machine among glass ceramics for intraoral adjustments [17].
Moreover, thermal processing can influence crystallization
kinetics, crystalline microstructure and strength of lithium
disilicate restorations. Particularly, extended temperature
range (820–840∘C versus 750–840∘C) and protracted holding
time (14min versus 7min) produced significantly higher
elastic-modulus and hardness properties but showed flexural
strength and fracture toughness properties similar to controls
(i.e., 750–840∘C for 7min). Rapid growth of lithium disil-
icates happened when the maximum formation of lithium
metasilicates had ended [13].

Recently, innovative fabrication techniques have been
proposed to improve the microstructure of lithium disilicate

ceramics. Particularly, spark plasma sintering (SPS) was
developed specifically for CAD-CAM dental materials. This
fabrication process allowed refining the microstructure of
lithium disilicate; its densification resulted in textured and
fine nanocrystalline microstructures with major lithium
disilicate/lithium metasilicate phases and minor lithium
orthophosphate and cristobalite/quartz phases [18].

3. Mechanical Testing and Fracture Resistance

Due to its intrinsic brittle behavior, lithium disilicate suffers
from fatigue failure during clinical service. Microcracks usu-
ally initiate in load bearing and/or stress concentration areas,
eventually fusing under dynamic loads and creating major
flaws that could weaken the lithium disilicate structure; when
the ultimate mechanical strength is overcome, catastrophic
failures occur [19–22].

Several laboratory studies investigated the fatigue resis-
tance of lithium disilicate single crowns (SCs) and fixed den-
tal prostheses (FDPs) to evaluate experimental designs and
testing parameters [20–24]. Different laboratory variables
were proved to influence the fatigue resistance of lithium
disilicate restorations, such as magnitude of load, number
of cycles, abutment and antagonist material, wet environ-
ment, and thermocycling; conversely, chewing frequency,
lateral movements, and aging technique were considered not
influential factors [23]. Single load to fracture after fatigue
tests (i.e., combination of dynamic and static loading until
fracture) reported highly variable ultimate strength values for
this material: from 980.8N to 4173N for monolithic SCs and
from 390N to 1713N for posterior FDPs [23, 24]. Significant
comparisons between data were not possible because of the
heterogeneity of research designs and testing modalities [24].

Fairly consistent agreement between in vitro and in vivo
results was reported. As to SCs, after 2 years of simulated or
real service, 100% survival rates were noticed in both labora-
tory [25] and clinical investigations [26]; in in vitro studies
100% survival rate was reported after 5 years of simulated
function as well [20, 27] while the percentage changed to
97.8% in in vivo clinical investigations [26]. Differently, as
regards FDPs, the cumulative survival rates at 5 years ranged
from 75% to 100% in vitro [28, 29] while the equivalent clin-
ical rate was 78.1% [26]; long-term laboratory investigations
simulatingmore than 10 years of service showed 70% survival
rate [30], comparable to the in vivo cumulative survival rate
of 70.9% after 10 years of function [26]. The sound level of
agreement between in vitro and in vivo data confirmed that
laboratory investigations could represent a good simulation
of the clinical scenario; nonetheless, this conclusion has to be
considered only indicative, since the amount of data is not
large enough to indicate consolidated clinical guidelines [24].

A recent systematic review showed significant hetero-
geneity leading to data inconsistency, because of different
study setups and testing parameters. The lack of testing
standardizationmade it almost impossible to perform consis-
tent comparisons between laboratory studies. Consequently,
to date, indicative and comparable data about dynamic
mechanical testing of lithium disilicate restorations remain
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still controversial; further investigations with specific stan-
dardization criteria are needed [24].

According to in vitro results of dynamic loading, CAD-
CAM lithium disilicate SCs should have a thickness of at
least 1.5mm to withstand occlusal loads in posterior areas
[22]. Being a filled glass-ceramic, lithium disilicate’s final
performance as a dental material is strongly related to the
type of adhesive cement and accuracy of procedure [31].
To achieve the highest microtensile bond strength (𝜇-TBS)
values and best clinical performances, the restorations have
to be adhesively luted to the substrates [32, 33]. CAD-CAM
monolithic posterior SCs made of lithium disilicate and
luted with self-adhesive resin cements showed significantly
higher fatigue resistance than feldspathic ceramic restora-
tions. Particularly, lithium disilicate SCs effectively bore the
physiological range of masticatory loads, mainly showing
repairable fractures. Catastrophic failures were noticed only
after load-to-failure tests up to 4500N [33, 34].

As to implant-supported restorations, although thismate-
rial showed the highest ultimate strength when compared to
feldspathic ceramic and resin nanoceramic onto implant tita-
nium abutments in vitro, no accordance was found between
the initial andmaximum fracture resistance values of lithium
disilicate after chewing simulation with thermocycling simu-
lating 5 years of clinical service [35].

Furthermore, CAD-CAM monolithic lithium disilicate
SCs showed an optimum in vitro stiffness and strength values
when cemented onto both prefabricated titanium abutments
and customized zirconia abutments [36].

4. Machinability, Wear Mechanism,
and Behavior

Friction and wear effects of lithium disilicate on the opposing
natural tooth enamel have been also investigated, with and
without fluorapatite coating, showing that they were less
severe in unveneered specimens [37]. The initial surface
roughness did not influence the final wear but the topography
of the wear pattern affected the corresponding wear loss,
since a smoother final wear aspect was associated with
lower wear. Moreover, superficial wear of lithium disilicate
was reported to be sensitive to environmental pH, showing
higher friction and wear behavior in basic pH conditions;
this was due to the fact that wettability, surface charge, and
dissolution trend of lithium disilicate are pH-dependent.The
presence of fluorapatite veneering resulted in increased wear
of both lithium disilicate crowns and opposing natural teeth;
therefore, veneering of the occlusal surface should be avoided.

These results are in agreement with another recent in
vitro investigation reporting that zirconia showed less wear
than lithium disilicate; in any case, the latter showed occlusal
wear equivalent to sound enamel. Enamel wear was reduced
after ceramic surface polishing and this supports that this
procedure is advisable after performing occlusal adjustments
of both lithiumdisilicate and zirconia restorations. Veneering
porcelain significantly increased enamel abrasion; conse-
quently, the use of monolithic zirconia and lithium disilicate
should be preferred in areas of strong occlusal contact, in

order to limit enamel damage of the opposing teeth over time
[38].

After friction against dental enamel, lithium disilicate
and monolithic zirconia specimens did not become as
rough as feldspathic ceramics. Particularly, when comparing
wear effects onto rough, smooth, and glazed surface finish-
ing, eventually rough lithium disilicate became significantly
smoother than fine feldspathic porcelain [39].

However, when compared to type III gold, lithium dis-
ilicate was more abrasive against human enamel. Enamel
opposing lithium disilicate in vitro showed cracks, plow
furrows, and surface loss typical of abrasive wearmechanism,
resulting in worse wear resistance and friction coefficient
than in the presence of antagonist gold [40].

Opposing steatite in chewing simulations, monolithic
lithium disilicate yielded higher antagonistic wear and worse
wear behavior than monolithic translucent and shaded
zirconia, but about half as high as the enamel reference
(274.14 𝜇m); particularly, more severe wear patterns on both
ceramics and opponents were observed after grinding and
glazing [41].

Initial surface finishing and occlusal loads significantly
affected the surface roughness, friction, and wear mecha-
nisms of lithium disilicate: as the load increased, surface
roughness became more severe and friction coefficient and
wear volumes increased in turn. The abrasive wear process
can be divided into 2 typologies: 2-body and 3-body abrasive
wear. Particularly, in 2-body abrasion wear is caused by hard
protuberances on one surface sliding over another while in
3-body abrasion particles are trapped between 2 surfaces but
are free to roll and slide. In the presence of smooth lithium
disilicate surfaces, 2-body abrasion was dominant while,
in case of rough surfaces, 3-body abrasive wear was more
significative. Worn lithium disilicate surfaces demonstrated
higher sensitivity to delaminations, plastic deformations, and
brittle fractures [42].

Two-body wear of lithium disilicate ceramic was found to
be comparable to that of human enamel. Furthermore, abra-
sive toothbrushing significantly reduced gloss and increased
roughness of all materials except zirconia [43]. When evalu-
ating mechanical and optical properties, CAD-CAM lithium
disilicate glass-ceramic (IPS e.max CAD) demonstrated the
most favourable discoloration rate and the lowest 2-body
wear on the material side when compared to CAD-CAM
composites, hybrid materials, and leucite ceramic; in this
study, thewear ratewas analyzed in a chewing simulator using
human teeth as antagonists [44].

Similarly to other glass ceramics, lithium disilicate can be
intraorally repaired in case of chipping. In vitro results using
resin composites as restorative materials demonstrated that
lithiumdisilicate can be effectively repairedwith hydrofluoric
acid etching followed by silanization and adhesive bonding
[7, 8, 45].

5. Impression Techniques and Accuracy of Fit

Both conventional and digital impression techniques allow
for the fabrication of lithium disilicate restorations but the
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results in terms of marginal accuracy are still controversial
[46–51].

An in vitro study reported similar marginal accuracy
between conventional and digital impression techniques
(112.3±35.3 𝜇mand 89.8±25.4 𝜇m, resp.) and no statistically
significant differences were noticed among the different
approaches [51]. Differently, the results of a recent in vitro
study suggested that pressed and milled lithium disilicate
SCs from digital impressions had a better internal fit to the
abutment tooth than pressed SCs from polyvinylsiloxane
impressions in terms of total volume of internal space,
average thickness of internal space, and percentage of internal
space at or below 120𝜇m [50]. Similarly, another in vitro
investigation proved that the fully digital workflow provided
better margin fit than the conventional fabrication [48].
These results were not in agreement with other investigations
demonstrating that the combination of polyvinylsiloxane
impressions and Press fabrication techniques for lithium dis-
ilicate SCs produced the most accurate 2D and 3D marginal
fits [46] and that the combination of digital impressions and
pressed lithium disilicate SCs produced the least accurate
internal fit [49].

To date, in general, marginal and internal fit of lithium
disilicate restorations is significantly influenced by the
employed digital impression technique. Although almost
all actual digital impression systems show accuracy values
within the thresholds of clinical acceptability, significant fit
discrepancies are still evident among different digital systems
[52].

In vitro microscopical analyses demonstrated that
CAD-CAM lithium disilicate SCs had significantly smaller
marginal gaps than CAD-CAM anatomic contour zirconia
restorations. As to the absolutemarginal discrepancy, lithium
disilicate SCs showed some overextended margins. Both
finish line geometry and fabrication systems significantly
influenced the absolute marginal discrepancy [53].

In vivo results by means of the replica technique showed
that CAD-CAM lithium disilicate SCs had significantly
larger internal axial and occlusal gaps than porcelain-fused-
to-metal (PFM) SCs; conversely, marginal gaps were not
significantly different. Nevertheless, both PFM and lithium
disilicate SCs showed clinically acceptable marginal fit [54].
As regards the restoration adaptation (i.e.,marginal and inter-
nal fit) of the different manufacturing techniques, evidence
is growing that these parameters are more favourable with
the hot-pressing technique than with the precrystallized,
CAD/CAMmilled blocks [46, 55, 56].

6. Biocompatibility

Biologic safety of dental ceramics is another main topic on
which dental research has been focusing in the last years;
such a property can be different even within the same class
of materials. Lithium disilicate exhibited more severe in vitro
cytotoxicity than dental alloys and composites and became
more cytotoxic after polishing [57].

In vitro, human gingival fibroblasts cellular response may
reflect variability in soft tissue reaction to different surface
materials for prosthetic restorations. In a study by Tetè et al.,

polished zirconia showed a better integration in respect to the
other materials [58]. Analysis on human epithelial tissue cul-
tures, on the other side, demonstrated that lithium disilicate
showed the best biocompatibility when compared to zirconia
and cobalt-chromium alloys. Consequently, lithium disilicate
can be considered a suitable material even for subgingival
restorations directly contacting the sulcular epithelial tissues
[59]. As to in vivo evidences, the presence of all-ceramic
restorations did not induce inflammatory reactions in peri-
odontally healthy patients; no differences between gingival
reactions to lithium disilicate and zirconia restorations could
be shown [60, 61].

7. Clinical Indications and Outcomes

For its outstanding optical properties, mechanical character-
istics, ease of processing, and possibility of etching/adhesive
bonding, ensuring a minimally invasive approach, lithium
disilicate glass ceramics have rapidly become some of the
most popular restorative materials in almost all the indica-
tions of fixed Prosthodontics [8].

Their primary use was addressed for single crowns (SCs).
The first clinical studies were conducted on the early typology
of lithium disilicate (IPS Empress, Ivoclar Vivadent) and
reported quite promising short-term results for the veneered
crowns [62, 63]; in particular, Marquardt and Strub, in their
prospective clinical trial on both crowns and anterior FDPs,
showed for the SCs a survival rate of 100% after 5 years of
clinical service [63]. Gehrt et al. [6] analyzed the medium-
long term clinical performance of 74 lithium disilicate full-
coverage, anterior and posterior crowns after a service time
of at least 5 years; all the frameworks, made with the hot-
pressing technique from ceramic ingots (IPS e.max Press),
were at least 0.8mm thick and were eventually veneered
with a fluorapatite ceramic. The survival rate was 97.4% after
5 years and 94.8% after 8 years of clinical service; among
the technical complications, 3 crowns resulted affected by
minor chipping. The study revealed that the survival rate
was not influenced by cementation type (conventional versus
adhesive) or by crown location (anterior versus posterior); on
the other hand, in vitro researches have clearly demonstrated
that lithium disilicate can bear high stress conditions, like
in posterior crowns [64, 65]. Esquivel-Upshaw et al. [66]
conducted a 3-year clinical study comparing the performance
of veneered lithiumdisilicate (Empress 2),monolithic lithium
disilicate (e-Max Press, glazed), and metal-ceramic crowns
(IPS d.SIGN veneer); they observed similar, highly positive
results, although a higher degree of surface roughening was
detected in the veneered lithium disilicate-based crowns,
compared to metal-ceramics, between years 2 and 3. This
problem was probably due to degradation/water corrosion
of glaze ceramic. Another retrospective, multicentric study
on 860 lithium disilicate restorations, both tooth- and
implant-supported, including full crowns, laminate veneers,
and onlays, reported cumulative survival and success rates
beyond 95% for an observational period ranging from 12 to
72 months [8].The analyzed restorations were both bilayered
and monolithic type. More recently, other retrospective
studies, with longer observational times, have confirmed low
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failure rates and very favourable cumulative survival rates
with lithium disilicate crowns [65, 67, 68]. Positive clinical
outcomes of lithium disilicate reinforced glass ceramics
have been confirmed by a recent systematic review [11],
showing that 5-year survival rates of all-ceramic SCs made
out of lithium disilicate or oxide ceramics (i.e., alumina and
zirconia) were similar to the gold standard, metal-ceramic
crowns.The widespread diffusion in the daily practice of full-
anatomic, monolithic lithium disilicate restorations, charac-
terized by favourable mechanical properties, together with
the possibility of manufacturing low thickness restorations
adhesively bonded to the dental substrate, has introduced the
use of inlays, onlays, and “tabletops” made of this material in
the posterior sites, taking advantage of a minimally invasive
approach and of a resistant, biocompatible ceramic (Figures
1–4). In that research, low fracture rates were reported: 0.91%
for monolithic and 1.83% for bilayered single crowns (twice
the rate of the monolithic); 4.55% for monolithic FDPs; 1.3%
for monolithic; and 1.53% for bilayered veneers (Figures 5–
9). Guess et al. [69] conducted a 7-year prospective “split-
mouth” study on both pressed lithium disilicate (IPS e.max
Press, Ivoclar Vivadent) and CAD/CAM leucite-reinforced
glass-ceramic (ProCAD, Ivoclar Vivadent) partial-coverage
restorations. The preparation was performed reducing the
entire occlusal surface for a 2mm thickness, creating a
butt joint design at level of the nonsupporting cusps and
a rounded shoulder for the supporting cusps. The authors
reported high survival rates with both types of restorations,
recommending them for a minimally aggressive treatment
of extended lesions in posterior teeth. In a recent in vitro
research, Sasse et al. [70] advised the need of a lithium dis-
ilicate minimum thickness of 0.7–1.0mmwhen nonretentive,
full-coverage adhesively retained occlusal veneers are used.
As regards 3-unit FDPs, according to the manufacturer’s
recommendations, the use of lithium disilicate should be
limited to the replacement of anterior teeth or premolars.
Clinical data on this topic is quite controversial. The early,
short/medium-term studies, mainly conducted on Empress
2 bilayered lithium disilicate bridges, suggested a certain
cautiousness for such an indication: Taskonak and Sertgöz
[71] reported a 50% survival rate at 2 years; a prospective
clinical trial by Marquardt and Strub showed a fracture rate
of 30% after 5 years of clinical service [63]. Makarouna et al.
[72], in a randomized controlled trial, after 6 years observed
a survival rate of 63% for lithium disilicate FDPs, compared
to a much more favourable 95% in the control group (metal-
ceramic FDPs).

In a 10-year prospective study conducted by Solá-Ruiz
et al. on Empress 2 FDPs, a survival rate of 71.4%was detected,
the most frequent complications being postoperative sen-
sitivity, recessions, and marginal discolorations [73]. The
introduction of the monolithic, anatomically shaped lithium
disilicate FDPs has recently made achieving more favourable
outcomes possible.

Some in vitro studies [29, 74, 75] have pointed out
that lithium disilicate monolithic crowns and FDPs, both
CAD/CAM and hot-pressed, are more resistant to fatigue
fracture compared to bilayered, hand veneered ones, showing
higher fracture loads (1900N), that are comparable to the

Figure 1: Case 1 (Monolithic Lithium Disilicate Onlays). Maxillary
posterior teeth in a 25-year-old female patient affected by severe
food behavior disorder (bulimia). One year before the dental
treatment, she was considered healed by a psychotherapist and
declared recovered. The teeth were not prepared; only minimal
smoothing of some sharp edges was performed.

Figure 2: Case 1 (Monolithic Lithium Disilicate Onlays). After
conventional impressions, the casts were scanned by a 3-ShapeD700
(3 Shape, Copenhagen, Denmark) digital scanner and analyzed
by means of a Dental System 15.5.0 software (3 Shape) and the
restorative finish lines were detected. Then, occlusal shape design
and contacts were defined.

Figure 3: Case 1 (Monolithic Lithium Disilicate Onlays). The wax
patterns of the posterior onlays were milled out of a wax disk (Cera
SDD98A18RWC, Sintesi Sud, Avellino, Italy) using a Roland DWX-
50DentalMillingMachine (WhipMix GmbH, Louisville, KY, USA)
and then repositioned on the cast. After careful checking, the lithium
disilicate heat pressed onlays (IPS e.max PressMT, Ivoclar Vivadent)
were made and eventually polished.
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Figure 4:Case 1 (Monolithic LithiumDisilicateOnlays).The onlays
after adhesive cementation.

Figure 5: Case 2 (Bilayered Lithium Disilicate Veneer Replace-
ment). A female patient asked for the replacement of 6 porcelain
laminate veneers with discolored and fractured margins. After the
study of the case, done with the aid of digital software programs, a
crown lengthening procedure was performed.

metal-ceramic standard. The lack of the esthetic, weaker
veneering material allows a thicker bulk of high strength
disilicate; in any case, as regards FDPs, it has to be pointed
out that theirmechanical performance ismultifactorial, being
strongly related to many factors, like shape of the structure
and size and radius of the connectors among others.

In a long-term prospective study, Kern et al. [5] evalu-
ated the clinical performance of 3-unit, monolithic lithium
disilicate FDPs (IPS e.max Press, Ivoclar Vivadent). In this
research, the bridges were used not only for the replacement
of anterior teeth or premolars (as suggested) but also for
missing molars. After 5 years, the survival and success
rates were 100% and 91.1%, respectively; after 10 years, they
were reduced to 87.9% and 69.8%. Considering that 10-
year survival rates of 87.0 to 89.2% have been reported
for the “reference” metal-ceramic FDPs by some systematic
reviews [11, 76] and that the major, catastrophic failures
occurred lately in FDPs replacing missed molars (beyond the
manufacturer’s recommendations), these evidences advise
that the monolithic lithium disilicate can be regarded as a
promising candidate to replace metal-ceramics for short-
span freestanding bridges.

Figure 6: Case 2 (Bilayered Lithium Disilicate Veneer Replace-
ment). The old veneers were carefully removed under stereomicro-
scopic control; after the new supragingival preparations, an intraoral
scanning device (3-ShapeD700)was used to take digital impressions
of both dental arches.

Figure 7: Case 2 (Bilayered Lithium Disilicate Veneer Replace-
ment). The new smile design was cut away and inserted in the
patient’s physiognomic image. After designing the new veneers,
they were pressed with lithium disilicate (IPS e.max Press MT) and
veneered.

In the last years, in the light of the concepts of minimal
invasivity, economy, and long-term durability, alternative
treatment strategies for the anterior single tooth replacement
have become more and more popular, taking advantage of
the materials’ high strength and of the possibility of a reliable
adhesive bonding to dental substrates. In particular, can-
tilevered, all-ceramic, resin-bonded, fixed partial dentures
(RBFPD) have been increasingly gaining approval from the
dental community, offering a feasible alternative to implant
therapy in many cases, particularly when indications for
implant therapy are not present, due to general, anatomic,
economic, or patient’s compliance factors. In such cases,
instead of a complete crown, a single veneer adhesively
bonded to the lingual side of the support tooth can be used;
a careful occlusal check is mandatory, in order to get a
proper distribution of stress and a stress limitation on the
cantilevered tooth, avoiding lateral and protrusive contacts
on the pontic. Also, for this kind of restoration, clinical
outcomes are highly encouraging, although data is quite
limited to medium-term studies and case series [77–80].
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Figure 8: Case 2 (Bilayered Lithium Disilicate Veneer Replace-
ment). The new veneers at the end of the treatment.

Figure 9: Case 2 (Bilayered Lithium Disilicate Veneer Replace-
ment). The patient’s smile.

In the last years, the chairside production workflow is
gaining more and more interest in the prosthodontic realm,
for the speed of delivery and cost reduction of SCs and inlays.
The first clinical trials report encouraging results. In the study
by Reich and Schierz, besides a survival rate of 96.3% after 4
years, a few biological complications (secondary caries below
the crown margin, changing of sensibility perception) and
technical complications (need of cervical composite filling)
were observed [81].

Recently, Sulaiman et al. [82] have analyzed the clinical
outcomes of different IPS e.max lithium disilicate prostheses
(SCs, FDPs, veneers, inlays, and onlays), both in the bilayered
and monolithic forms, in a 4-year retrospective study on a
total of 21.340 restorations. In that research, low fracture rates
were reported: 0.91% for monolithic and 1.83% for bilayered
single crowns (twice the rate of the monolithic); 4.55% for
monolithic FDPs; 1.3% formonolithic and 1.53% for bilayered
veneers; and 1.01% formonolithic inlays/onlays. Finally, in the
last years, the use of lithium disilicate single crowns bonded
ontoCAD/CAMzirconia abutments has become increasingly
widespread, taking advantage of the high strength and bio-
compatibility of zirconia, in contact with the peri-implant
soft tissues, together with the prosthetic versatility and
optical characteristics of lithium disilicate. In vitro studies
have demonstrated that these prosthetic solutions exhibit

high fracture loads [27, 83] and, at the same time, short-
term clinical studies have shown fairly positive outcomes
[84], also onto one-piece zirconia implants (Spies). Another
clinical approach, also supported by favourable short-term
outcomes, makes use of zirconia implant-supported full-arch
frameworks (“implant bridges”) onwhichmonolithic lithium
disilicate crowns are adhesively bonded [7, 85].

8. Conclusions

It is a far from indisputable fact that all of the innovative solu-
tions offered by lithium disilicate are widening the restorative
scenariomore andmore; thanks to the excellent optical prop-
erties, the high mechanical resistance, the unique restorative
versatility, and the different manufacturing techniques, it is
no doubt one of the most promising dental materials in the
realm of Digital Dentistry, although more light is still to be
shed on some clinical and technical aspects.
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Scope. To demonstrate guided implant placement and the application of fixed, implant-supported prosthetic restorations with a
fully digital workflow. Methods. Over a 2-year period, all patients with partial edentulism of the posterior maxilla, in need of
fixed implant-supported prostheses, were considered for inclusion in this study.The protocol required intraoral scanning and cone
beam computed tomography (CBCT), the superimposition of dental-gingival information on bone anatomy, surgical planning,
3D-printed teeth-supported surgical templates, and modelling and milling of polymethylmethacrylate (PMMA) temporaries for
immediate loading. After 3 months, final optical impression was taken and milled zirconia frameworks and 3D-printed models
were fabricated. The frameworks were veneered with ceramic and delivered to the patients. Results. Fifteen patients were selected
for this study. The surgical templates were stable. Thirty implants were placed (BTK Safe�, BTK, Vicenza, Italy) and immediately
loaded with PMMA temporaries. After 3 months, the temporaries were replaced by the final restorations in zirconia-ceramic,
fabricated with a fully digital process. At 6 months, none of the patients reported any biological or functional problems with
the implant-supported prostheses. Conclusions. The present procedure for fully digital planning of implants and short-span fixed
implant-supported restorations has been shown to be reliable. Further studies are needed to validate these results.

1. Introduction

Digital workflow has an increasingly important role to play in
contemporary dentistry [1, 2].

The advantage of guided implant surgery is that the
implant is placed in a safer, more predictable manner, using
a surgical template designed and produced using computer-
aided-design/computer-aided-manufacturing (CAD/CAM)
technology; this prosthetically guided placement is achieved
using software for virtual implant planning [2, 3]. Guided
implant surgery can also help the dentist to perform flapless
implant surgery with less discomfort for the patient and faster
working and healing times [2, 3].

Digital scanning and Cone BeamComputer Tomography
(CBCT) are the procedures now used for digital workflow
for planning guided implant surgery [4, 5]. Taking optical

impressions with powerful intraoral scanners for fabricating
permanent prostheses on natural teeth and dental implants
is becoming widespread and has many advantages over the
conventional way of taking impressions, involving less dis-
comfort for the patient, as well as greater speed, accuracy, pre-
cision, and reproducibility [6–9]. Optical impression-taking
enables collection of all the three-dimensional (3D) informa-
tion of dentogingival tissues [7, 8]. CBCT on the other hand
allows collection all 3D information on the anatomy of the
residual crest bone, including height, thickness, and angle
[4, 10].

The composition and superimposition of dental and
gingival information acquired by intraoral scanning, as well
as bone information acquired by CBCT, now allow virtual
planning for placing the implants, fabricating the templates
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for guided surgery, andmodelling and preparing temporaries
for immediate loading [11, 12].

The purpose of this study is to demonstrate guided
implant placement and the application of fixed, implant-
supported prosthetic restorations carried out with fully digi-
tal workflow. For this purpose, intraoral scanning techniques,
virtual planning, computer guided surgery, and immediate
loading protocol for the temporary prostheses have been
used.

2. Materials and Methods

2.1. Selection of Patients. In the period between January 2014
and January 2015, all patients seen at two private dental
clinics who presented with partially edentulous posterior
maxilla and requested restoration of masticatory efficiency
with an implant-supported fixed prosthesis were considered
for inclusion in this study.The criteria for inclusion consisted
of (1) partially edentulous posterior areas (premolars/molars)
of the maxilla, (2) sufficient bone for the placing of implants
at least 3.75mm in diameter and 8.0mm in length, and (3)
willingness to participate fully in the protocol. Excluded from
the study were (1) patients with systemic diseases having
contraindications to implant surgery (e.g., uncontrolled dia-
betes, blood diseases, and psychiatric illnesses), (2) patients
undergoing chemotherapy and/or radiotherapy, (3) patients
receiving immunosuppressive therapies, (4) patients being
treated with bisphosphonates orally and/or parenterally, (5)
patients with active oral or periodontal infections (pus,
fistulas, and periodontal abscesses), (6) patients with other
oral diseases (vesiculobullous and ulcerative diseases, red and
white lesions, and diseases of the salivary glands and cystic
lesions), (7) patients with a poor oral hygiene, (8) patients
with restricted mouth openings, functional limitations, or
temporomandibular disorders, (9) smokers, and (10) bruxists.
The protocol for this study was explained in detail to each
patient, who signed an informed consent to the implant
treatment. The study was carried out in accordance with the
protocols established by the 1975 Helsinki Declaration (2008
review).

2.2. Image Acquisition. A full examination of soft and hard
tissue was performed on each patient. Specifically, in a single
appointment designated exclusively to image acquisition,
each patient underwent optical scanning with a powerful
intraoral scanner (Trios�, 3-Shape, Copenhagen, Denmark)
and X-ray examination with CBCT (CS 9300�, Carestream
Health, Rochester, NY, USA). In detail, the first examination
that patients underwent was an intraoral scan of both arches,
including scanning of the bite. This scan was performed after
placing a number of moderately radiopaque markers (at least
3) on the teeth adjacent to the edentulous section, using a
modified glass ionomer cement (Ketac Cem Radiopaque�,
3M ESPE, St Paul, MN, USA). Particular care was taken when
scanning the teeth adjacent to the edentulous section and
surrounding soft tissue. The patient underwent a CBCT scan
immediately after, with the radiopaque markers still in place.
A field of view (FOV) of 10 × 5 cm was adopted, to enable
a sufficient amount of data to be collected that could also be

superimposed.At this point, the owners’ files generated by the
intraoral scan and the Digital Imaging and Communication
in Medicine (DICOM) files generated by the CBCT were
transformed into solid-to-layer files (STL) and sent to a ser-
vice centre (BTK Guided Surgery�, BTK, Dueville, Vicenza,
Italy), for the case to be planned. The patient was then
discharged after removal of the radiopaque markers.

2.3. Image Processing and theGuided Surgery Project. TheSTL
files obtained from intraoral scanning were superimposed
on the STL files obtained from the reconstruction of CBCT
with proprietary software (BTK Guided Implant Planning�,
BTK, Dueville, Vicenza, Italy) for guided surgery planning.
Superimposition was obtained as follows. First, the intraoral
scan model was roughly superimposed to the CBCT model
using a “three-point” registration tool. After this first rough
alignment, the final registration was performed using a “best
fit alignment” function. The resulting superimposed models
were then used to design teeth-supported surgical templates.
The placing of the implants was thus planned virtually, taking
into account the position, depth, and angle inside the residual
bone crest, and we then proceeded to model the immediate
temporary prostheses to be placed in situ on the day of the
surgery. The planning was sent to the dentist for approval
and implementation of any modifications required. Once the
planwas confirmed and checked, the service centre physically
fabricated the templates for the guided surgery in transparent
acrylic resin using 3D printing; the temporary prostheses
were milled from polymethylmethacrylate (PMMA). The
prostheses were delivered to the dentist together with the
guided implant surgery kit, the provisional titanium abut-
ments, and the surgical guides or templates for implant
placement.

2.4. Surgery and Immediate Loading. Before the operation the
patient’s mouth was rinsed with a solution of chlorhexidine
digluconate 0.2% for 2 minutes. A local anesthetic was
obtained with mepivacaine (4% infiltration with epinephrine
1 : 100,000). The teeth-supported surgical template was posi-
tioned and the intervention was ready to begin. The surgery
was performed with a minimally invasive flapless procedure,
without lifting the mucoperiosteal flap. The first step was
to remove tissue overgrowth with a punch to allow access
to the underlying bony crest, proceeding to preparation
of the implant sites using drills of increasing diameters,
guided in terms of placement, angle, and depth by the
surgical guide. In particular, control of the angle and depth
was achieved with a series of diameter reducers positioned
inside the drill bushing. In effect, as the size of the drill
increased, the diameter reducers were changed until the
final diameter was reached, as determined in the surgery
planning. Only internal hex implants were used (BTK Safe,
BTK, Dueville, Vicenza, Italy), with a diameter of 3.75mm
and length of 8.0mm, 10.0mm, or 12.0mm. Insertion
of the implant, clamping, and tightening were performed
with a torque wrench through the template, hence with
the surgical guide in position. On completion of implant
placement the guide was removed from the oral cavity.
The dentist was able to check the depth of the implants
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in relation to the mucosa. X-rays of the intraoral implants
were taken straight away and the temporary titanium abut-
ments and temporary PMMA restorations were adjusted.The
restorations were positioned without the need for relining.
Once any slight frictions were removed, the restorations were
polished and screwed onto the abutments.The occlusal access
hole was provisionally closed with composite resin. The
occlusion was carefully checked using occlusal registration
paper.The patient was then dischargedwith a prescription for
antibiotics (amoxicillin clavulanic acid, 1 g every 12 hours for
a total of 6 days) and analgesic (ibuprofen 600mg for a total of
three days).The patient was asked to rinse with chlorhexidine
gluconate 0.2% 2-3 times a day for 4-5 days following the
surgery and to avoid chewing hard foods for a period of 1
week.

2.5. Final Prosthesis. The PMMA temporaries were left in
place for a total period of 3 months; after this, the patients
were recalled for a second round of intraoral imaging,
required formodelling and fabrication of the final prostheses.
This scan was performed after removing the temporary
restorations and abutments and subsequent positioning of
scanbodies in polyether-ether-ketone (PEEK).These transfer
devices were employed for their ideal optical characteristics,
since they do not reflect light as metals do and therefore
allow the exact position of the implants to be detected. The
abutments and temporary prostheses were then replaced and
the patient was discharged.The final scan was then converted
into an STL file which was sent to the laboratory and used
to determine the exact spatial location of the implants and
planning of the final prosthetic structure (zirconia frame-
work).The frameworkwasmilled in zirconia, tried in amodel
of the patient’s mouth created with a 3D printer, and sent
to the clinician for trying in the oral cavity. The model was
3D-printed in resin. During the trial, the dentist was able to
assess the quality of marginal fit of the zirconia framework
on the final abutments. At this point the framework was sent
back to the laboratory for finalisation, that is, veneering with
ceramic. The patient was called in one week later to have
the final, zirconia-ceramic restoration delivered. Occlusion
was checked using registration papers, and the patient was
then discharged with his/her final restoration, which was
cemented onto the screw-in abutments with a small amount
of zinc oxide eugenol cement.

3. Results

Fifteen patients (10 males and 5 females, aged between
26 and 70 years, average age 51.5 ± 12.0) requesting oral
rehabilitationwith fixed, implant-supported prostheses in the
posterior region of the maxilla were selected and recruited
to participate in this prospective clinical study. Following
an image-capturing procedure using intraoral scanning and
CBCT, the surgical planning was done with dedicated soft-
ware. Surgical guides were then fabricated for placing the
implants using 3D printing; temporary protheses for imme-
diate loading were milled in PMMA. Each patient received
two implants through a guided surgical procedure, with
placement of the temporary prosthesis at the same surgical

session and immediate loading. The surgical guides were
easily positioned on the supporting teeth and were suffi-
ciently stable. In all, 30 implants were placed using a flapless
procedure. The implants were immediately loaded with fixed
partial prostheses made of PMMA. These prostheses were
easily adjusted on temporary titanium abutments, which
were screwed in and remained in situ for a total period
of three months. In the week following the intervention,
the patients did not report any postsurgical discomfort or
pain and were extremely pleased with both the aesthetic
and functional aspects of the loaded restorations. At the
end of the temporary period, the final optical impression
was taken and frameworks were milled from zirconia, and
3D-printed resin models were fabricated. The frameworks
were found to be sufficiently accurate at an intraoral test
and were returned to the technician for ceramic coating
and aesthetic finalisation. After 1 week, the zirconia-ceramic
prostheses were delivered to the patient and cemented onto
the permanent titanium abutments. At a follow-up check 6
months later, no patient reported having had any problems
or biological or functional complications resulting from the
implant-supported restorations. All the prostheseswere func-
tioning and patients were all extremely satisfied (Figures 1–4).

4. Discussion

The ability to plan the insertion of dental implants virtually
and subsequently place the fixtures in the exact position
at the desired depth and angle using accurately milled or
3D-printed surgical guides has long been a clinical reality
[2, 3, 5, 12]. Guided surgery has been a successful procedure
for over 10 years, as evidenced by several clinical studies
[12, 13] and systematic reviews [3, 14, 15]. Initially, the use
of guided surgery techniques was limited to complex cases
(patients who were fully edentulous, with manufacture of
bone-supported or mucosa-supported templates); in fact, in
order to obtain bone anatomy information, the patient had to
be subjected to conventional computerised axial tomography
(CT scanning), involving exposure to significant amounts of
ionising radiation [3, 14, 15].

This is all changed now. The introduction of cone beam
computed tomography (CBCT), which can capture 3D infor-
mation on bone anatomy with low doses of radiation, has
greatly expanded the potential applications of guided surgery
[4, 16]. These applications now extend to teeth-supported
surgical guides and therefore to cases where the planning
requires placement of a lower number of fixtures. The intro-
duction of intraoral scanners, powerful tools for obtaining
dental and gingival information, is a further development
in available techniques for capturing images for surgical
planning [6–9]. In fact these machines enable all the dental
and gingival information required to be obtainedwith a beam
of light [7, 8] and with an accuracy, precision, and image res-
olution significantly higher than that obtained from CT (and
even CBCT). The information obtained can be easily com-
bined and superimposed on bone architecture information,
thanks to open reverse-engineering software or proprietary
software [11, 12]. It is therefore possible to create a virtual
model of the patient, containing all the information required
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(a) (b) (c)

(d) (e) (f)

Figure 1: Image acquisition: (a) preoperative clinical picture, side view; (b) preoperative clinical picture, occlusal view; (c) intraoral scan
with references, side view; (d) intraoral scan with references, occlusal view; (e) CBCT volume rendering with references, side view; (f) CBCT
volume rendering with references, frontal view.

(a) (b) (c)

(d) (e) (f)

Figure 2: Surgical and prosthetic 3D planning: (a) overlapping of intraoral scan and CBCT; (b) overlapping of intraoral scan and CBCT with
modelled provisional restorations; (c) overlapping of intraoral scan and CBCT with modelled provisional restoration and implant planning
(occlusal view); (d) overlapping of intraoral scan and CBCT with modelled provisional restoration and implant planning (side view); (e)
implant planning (cross sections); (f) implant planning (panorex).
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(a) (b) (c)

(d) (e) (f)

Figure 3: Surgery and immediate provisionalization: (a) the surgical guide in position; (b) preparation of the surgical sites; (c) implant
placement; (d) all implants are placed with a flapless procedure; (e) the provisional PMMA restoration is placed on the temporary titanium
abutments; (f) the provisional PMMA is screwed on the implants.

(a) (b) (c)

(d) (e) (f)

Figure 4:Threemonths after implant placement, the definitive intraoral impression is taken, and the definitive implant-supported restoration
is fabricated and delivered to the patient: (a) digital impressionwith PEEK scanbodies; (b) the 3D-printedmodel with the zirconia framework;
(c) the zirconia framework is seated on the definitive titanium abutments and checked for accuracy/precision (occlusal view); (d) delivery of
the final zirconia-ceramic restoration, cemented on the final titanium abutments (side view); (e) periapical radiograph at the delivery of the
final implant-supported restoration; (f) 6-month control of the final zirconia-ceramic restoration (occlusal view).
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(bone, tooth, and gum) to carry out the intervention for
implant placement using surgical guides supported on the
teeth [12].

For this prospective study, 15 patients were selected and
treated with insertion of 30 implant fixtures using guided
surgical procedures. The 3D-printed surgical guides were
sufficiently stable, and the interventions proceeded quickly
and smoothly using a flapless technique. The potential to
operate without lifting the flap is the major biological advan-
tage to guided surgery, resulting in immediate benefit for the
patient [17, 18]. Postoperative inconvenience and discomfort
are substantially reduced, even eliminated entirely, using
the flapless method [18]. The implants were placed without
difficulty and immediately loaded with temporary PMMA
prostheses obtained by milling; these prostheses were sent
to the dentist before surgery and placement of the implants.
The ability to load implants immediately is a further major
advantage of the method used in this study. The adjustment
of preformed shells and temporaries can be time-consuming
in conventional procedures for immediate loading [19]; the
time it takes to reline, adapt, refine, and polish the temporary
restorations necessarily entails discomfort for the patient,
whoneeds to gohome and rest after the surgery [20, 21].Mod-
ern implant and prosthetic planning techniques can greatly
reduce operating times, as in this study, where the temporary
PMMA restorations were placed easily with no need for
relining and often requiring only minor adjustment. The
temporaries remained in situ for a total period of 3 months
and were subsequently replaced with permanent ceramic-
zirconia prostheses.

The implants were manufactured using a fully digital
process. A second round of intraoral imaging was carried out
after positioning modern transfer devices (scanbodies) made
of an opaque material [22–24] in the mouth. These devices
allowed the exact location of the implants to be transmit-
ted to the virtual plan, to enable computer-assisted design
(CAD) of the prosthetic structures (frameworks) in zirconia.
Subsequently the zirconia structures were milled [25] and
then tried in the mouth. After the trial, the technician could
then apply ceramic to the structures with the aid of a 3D-
printed resin model.The devices were delivered and adjusted
for aesthetic and functional requirements, to the complete
satisfaction of the patients. At the 6-month check-up, no
problems of any biological or prosthetic nature were reported
and all restorations were functional and under load.

This study is subject to limitations. First, the number of
treated patients (and consequently the number of implants
placed) was rather restricted; also, the patients were only
checked 6 months after placing the permanent restorations.
Further studies are certainly required to validate this tech-
nique for planning implants. Last but not least, the use of
this technique for guided surgery is limited by the size of the
mouth opening. It was not possible to apply the technique to
all patients since the surgical instrumentation is bulky, and
not all patients have a large enough opening to allow implants
to be placed, especially in the molar area, and for this reason
they were excluded from the study. New methods will no
doubt be developed that are not restricted by problems of
space, which will therefore enable the application of guided

surgery techniques to be extended to all patients. Finally, the
stability of 3D-printed surgical guides can still be a problem.
Although their stability was satisfactory in this analysis, at
least ideally, the surgical teeth-supported guides should rest
on the teeth at certain points; the greater the area of support,
in fact, the more complex it can be to obtain the perfect fit
(e.g., on the occlusal surface). The elimination of undercuts
is of great importance, and the size of the guide should be
as reduced as possible, to avoid problems caused by contrac-
tion of the material over time, which can cause problematic
misfits.

Nevertheless, this study has shown that it is now possible
to plan and implement short-span prostheses supported by
implants with a fully digital process, using surgical planning.
This allows optimum placing of implants, reducing the risks
linked with surgical intervention and the time it takes.
Postoperative discomfort for the patient is greatly reduced by
using the flapless method. The full digital process also allows
significant time savings for the patient and the practitioner,
resulting in reduced [26, 27] costs.

5. Conclusions

In this study we have presented a fully digital method for
the guided placing of implants in the posterior region of
the maxilla of 15 patients and the subsequent fabrication of
implant-supported fixed prostheses. In all, 30 implants were
placed using a flapless procedure. The surgical guides were
easily positioned on the supporting teeth and were suffi-
ciently stable. The implants were immediately loaded with
fixed partial prostheses made of PMMA. These prostheses
were easily adjusted on temporary titaniumabutments, which
were screwed in and remained in situ for a total period of
three months. At the end of the temporary period, a final
optical impression was taken, frameworks were milled from
zirconia, and 3D-printed resin models were fabricated. The
frameworks were then coated with ceramic and delivered to
the patients. At a follow-up check 6 months later, no patient
reported having had any problems or biological or functional
complications resulting from the implant-supported restora-
tions. All the prostheses were functioning and patients were
all extremely satisfied. The study is subject to limitations
(small number of patients and implants, short follow-up
period), and further studies will be needed to validate the
method presented here.
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“Effective dose of cone beamCT (CBCT) of the facial skeleton: a
systematic review,”British Journal of Radiology, vol. 88, no. 1045,
Article ID 20140658, 2015.

[17] M. Vercruyssen, T. Fortin, G. Widmann, R. Jacobs, and
M. Quirynen, “Different techniques of static/dynamic guided
implant surgery: modalities and indications,” Periodontology
2000, vol. 66, no. 1, pp. 214–227, 2014.

[18] T. Fortin, J. L. Bosson, M. Isidori, and E. Blanchet, “Effect
of flapless surgery on pain experienced in implant placement

using an image-guided system,” International Journal of Oral
and Maxillofacial Implants, vol. 21, no. 2, pp. 298–304, 2006.

[19] D. Farronato, F. Mangano, F. Briguglio, V. Iorio-Siciliano, F.
Riccitiello, and R. Guarnieri, “Influence of Laser-Lok surface
on immediate functional loading of implants in single-tooth
replacement: a 2-year prospective clinical study,” The Interna-
tional Journal of Periodontics&Restorative Dentistry, vol. 34, no.
1, pp. 79–89, 2014.

[20] F.Mangano, S. Pozzi-Taubert, P. A. Zecca, G. Luongo, R. L. Sam-
mons, and C. Mangano, “Immediate restoration of fixed partial
prostheses supported by one-piece narrow-diameter selective
laser sintering implants: a 2-year prospective study in the
posterior jaws of 16 patients,” Implant Dentistry, vol. 22, no. 4,
pp. 388–393, 2013.

[21] H.-L. Wang, Z. Ormianer, A. Palti, M. L. Perel, P. Trisi, and G.
Sammartino, “Consensus conference on immediate loading: the
single tooth and partial edentulous areas,” Implant Dentistry,
vol. 15, no. 4, pp. 324–333, 2006.

[22] T. Joda, J.-G. Wittneben, and U. Brägger, “Digital implant
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[27] T. Joda and U. Brägger, “Digital vs. conventional implant pros-
thetic workflows: a cost/time analysis,” Clinical Oral Implants
Research, vol. 26, no. 12, pp. 1430–1435, 2015.



Clinical Study
A New Total Digital Smile Planning Technique (3D-DSP) to
Fabricate CAD-CAM Mockups for Esthetic Crowns and Veneers

F. Cattoni,1 F. Mastrangelo,1 E. F. Gherlone,1 and G. Gastaldi1,2

1Dental School, Vita Salute University, 20132 Milan, Italy
2Dental and Maxillofacial Surgery Unit, San Rocco Clinical Institute, Ome, 25050 Brescia, Italy

Correspondence should be addressed to F. Cattoni; cattonif@tiscalinet.it

Received 5 April 2016; Revised 31 May 2016; Accepted 1 June 2016

Academic Editor: Jamil A. Shibli

Copyright © 2016 F. Cattoni et al.This is an open access article distributed under theCreativeCommonsAttribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Purpose. Recently, the request of patients is changed in terms of not only esthetic but also previsualization therapy planning. The
aim of this study is to evaluate a new 3D-CAD-CAMdigital planning technique that uses a total digital smile process.Materials and
Methods. Study participants included 28 adult dental patients, aged 19 to 53 years, with no oral, periodontal, or systemic diseases.
For each patient, 3 intra- and extraoral pictures and intraoral digital impressions were taken.The digital images improved from the
2D Digital Smile System software and the scanner stereolithographic (STL) file was matched into the 3D-Digital Smile System to
obtain a virtual previsualization of teeth and smile design.Then, themockups weremilled using a CAM system.Minimally invasive
preparation was carried out on the enamel surface with the mockups as position guides. Results.The patients found both the digital
smile design previsualization (64.3%) and the milling mockup test (85.7%) very effective. Conclusions. The new total 3D digital
planning technique is a predictably and minimally invasive technique, allows easy diagnosis, and improves the communication
with the patient and helps to reduce the working time and the errors usually associated with the classical prosthodontic manual
step.

1. Introduction

In recent years, the concept of what makes a smile beau-
tiful has changed significantly [1, 2]. Nowadays, patients
expect complex functional rehabilitations that are esthetically
appealing [2–5]. An important goal in prosthodontic is to use
minimally invasive treatment to improve the appearance of
the smile [3–6] as a way to valorize the entire image of the
patient [7] while maintaining the health and function of teeth
and soft tissue [8, 9].

Porcelain laminate veneers (PLVs), minimally invasive
solutions to dental esthetic problems, have the most long-
term success [7, 10–14]. There are a number of stages in
rehabilitative dental treatment, from making the impression
and developing the model to creating the diagnostic wax-
up and to constructing the laboratory mockup.The planning
associated with creating a mockup is a very important as it
affects patients’ understanding of the expected result [15, 16].
Whether the patient is happy with the overall treatment

depends on how similar the prosthesis is to the mockup [17,
18]. The shape of the teeth, the adaptation of the prosthesis,
and the size and the color of the new elements in relation to
the soft tissue, lips, and the whole face are very important in
the decision-making [19].

A large number of errors can occur at the various stages
of the traditional prosthetic workflow, each stage requires a
transfer of two-dimensional and three-dimensional (3D) data
between operators. As computer-aided design and computer-
aided manufacturing (CAD/CAM) and new materials are
leading to a paradigm shift in what many practitioners regard
as standard care for patients, a priority is to drastically reduce
operator error [20].

The aim of this research was to evaluate new total 3D
digital smile planning technique (3D-DSP) used in the previ-
sualization stage prior to milling poly(methyl methacrylate)
(PMMA) mockups in the process of creating PLVs using a
CAD/CAM system.
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Table 1: Number of the patient veneers restorations.

Number of treated patients %
Males 9 32.2
Female 19 67.8
Total 28 100

Table 2: Distribution of porcelain laminate veneers according to
location.

Veneers
Number (𝑛) Percentage (%)

Maxilla
Anterior 54 50
Posterior 30 27.8
Total 84 77.8

Mandible
Anterior 10 9.3
Posterior 14 12.9
Total 24 22.2

Total 108 100

2. Materials and Methods

Between September 2012 and July 2015, 28 patients (9 male
and 19 female) aged 19 to 53 years (mean age of 36 years) took
part in this study at the dental clinic at SanRaffaeleUniversity,
Milan, Italy. None of the patients had any oral, periodontal, or
systemic diseases (Tables 1 and 2).

After radiological, phonetic, and static and dynamic
occlusal evaluation, each patient had three intra- and extrao-
ral digital images taken while wearing special eyewear (Dig-
ital Smile System Srl, Italy) (Figures 1 and 2). An intraoral
scanner (Scanner 3D Progress, MHT, Italy) was used to get
intraoral digital impressions of the maxilla and mandible
arches in open and occlusal states. All the digital images,
obtained from the processing of the pictures into the software
2D-Digital Smile System (Digital Smile System Srl, Italy)
(Figure 3) and the STL file from the intraoral scans, were
combined into the 3D-Digital Smile System (EGS Srl, Italy)
to display the patient’s teeth and, from this, a virtual design of
the potential dental prosthesis was created. When the patient
agreed to this virtual 3D viewof their planned-for prosthetics,
a PMMAmockup (Bredent Srl, Italy)wasmilled using aCAM
system (Zirkonzahn Srl, Italy) (Figure 4). Each mockup was
tested in the patient’s oral cavity to make sure they would
consent to the esthetic therapy and be satisfied with the
end result (Figure 5). The newly milled mockups, cemented
using spot-etch technique [21, 22], were used to guide the
position of the prosthetics and maintain the margins on the
enamel surface of the teeth [23–25] (Figure 6). The double
cord techniques with the intraoral scanner (Scanner 3D
Progress, MHT, Italy) was used to make all the definitive
impression of the prepared teeth (Figure 7). The PLVs (IPS
e.max System, Ivoclar Vivadent Srl, Italy) were produced
usingCAD/CAM technique (Zirkonzahn Srl, Italy). A total of
78 Variolink veneers (Ivoclar Vivadent Corp., Liechtenstein)
and 30 Clearfil Esthetic Cement veneers (Kuraray America
Inc., USA)were cemented onto vital teeth (Table 3) (Figure 8).

Figure 1: Initial clinical case intraoral photography.

Figure 2: Initial clinical case extraoral photography.

Figure 3: Digital smile design into Digital Smile System 2D.

Each patient had final intra- and extraoral digital images
taken (Figures 9 and 10). Follow-up took place after 2 years.

3. Results

The preoperative patient parameters showed bruxism
(22.2%), tooth trauma (14.8%), abrasion (11.2%),
discoloration (22.2%), crowding (14.8%), diastema (7.4%),
and caries (7.4%) (Table 4). The follow-up 2 years later
revealed 1 total fracture, 2 sensitive teeth, and 1 gingival
recession (0.9%). None of the 108 PLVs showed debonding,
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Figure 4: CAD design of the mockup.

Figure 5: Intraoral evaluation of milling CAD-CAMmockup.

Figure 6: Mockup guide for teeth preparation.

chipping, microleakage, discoloration, or secondary caries,
and no root canal therapy was necessary (Table 5).

Patients responded to a questionnaire to determine their
satisfactionwith the digital smile design planning and the test
in the form of the mockup. They graded both the planning
and the test as effective, very effective, or ineffective. For the
digital smile design previsualization, with visual analogical
scale (VAS scale), 18 (64%) of patients found it very effective
and 10 (36%) effective; 24 (86%) found the milling mockup
very effective and 4 (14%) effective (Table 6).

4. Discussion

In all prosthodontic aesthetic treatment, the accurate design
planning and the basic communication phasewith the patient
play a crucial role in the therapy. The best previsual means
most widely used as a measure of explanation with a patient
is the therapeutic planning, associated with the creation of a

Figure 7: Double cord retraction technique.

Figure 8: Adhesive cementation of the definitive veneers.

Table 3: Distribution of PLVs according to bonding material.

Veneers (CAD-CAM) 108 100
Variolink veneers (Ivoclar Vivadent) 78 72.2
Clearfil esthetic cement (Kuraray) 30 27.8
Total 108 100

mockup [17, 19]. With contemporary digitalized techniques,
it is possible to redesign a patient’s smile [15, 16]. Effective
previsualization followed by a mockup is the ideal way
to explain changes to a patient and receive their approval
[17–19]. Traditional “analogical techniques” are based on
a planning process that involves radiological and clinical
evaluation, intra- and extraoral photographic analysis, static
and dynamic occlusal evaluation, and traditional impressions
[21]. The more traditional techniques that use the free-hand
“composite technique” before the wax-up do not evaluate the
design of the smile [25, 26].

A secondary evolution of digital prosthetic planning is
limited to bidimensional digital work flow [21] and requires,
after digital smile design protocol, the stone model, the
manual processing of a laboratory diagnostic wax-up, and
the printing of the classic mockup in the patient’s oral cavity
through the use of silicone keys. In traditional planning
techniques, the data transfer fromvirtual design to laboratory
is difficult and potentially full of errors because it uses a
manual process to obtain the computer design of canine
zenith lines for the laboratory stone model [21]. This manual
process is necessary to transfer all the measurements of the
teeth to the new smile project design. Another difficult and
unpredictable process is the mockup printing in the patient’s
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Figure 9: Final result: intraoral photography.

Figure 10: Final result: extraoral photography.

Table 4: Preoperative parameters.

Patients Teeth
Number

(𝑛)
Percentage

(%)
Number

(𝑛)
Percentage

(%)
Trauma 2 7.2 16 14.8
Bruxism 4 14.3 24 22.2
Abrasion 6 21.4 12 11.2
Discoloration 6 21.4 24 22.2
Crowding 4 14.3 16 14.8
Diastema 2 7.1 8 7.4
Caries 4 14.3 8 7.4
Total 28 100 108 100

Table 5: Distribution of failures according to preparation design.

Among 28
patients % Among 108

veneers %

Fracture 1 3.6 1 0.9
Chipping 0 0 0 0
Debonding 0 0 0 0
Microleakage 0 0 0 0
Secondary caries 0 0 0 0
Sensitivity 2 7.1 2 1.8
Root canal treatment 0 0 0 0
Gingival recession 1 3.6 1 0.9
Discoloration 0 0 0 0

oral cavity with a silicone mask (made on a wax-up) [10–
21]. Our new planning technique allows a new totally digital
and CAD-CAM process, from the initial photo shoot to

Table 6: Appreciation of the previsualization with VAS scale.

Test with smile design

Very effective 18 64.3%
Effective 10 35.7%
Ineffective 0 0%

Total 28 100%

Test with mockup

Very effective 24 85.7%
Effective 4 14.3%
Ineffective 0 0%

Total 28 100%

CAD/CAM-milling mockup, to reduce the errors usually
associated with the classical manual steps and to improve the
accuracy of the prosthetic procedure. All digital data transfer
from the clinical 3D planning to the laboratory CAD/CAM
process is simpler, faster, and more predictable. However,
having photographs plays a crucial role: the patient-approved
virtual smile is used to guide the final design of the teeth,
which are usually made with the CAD/CAM process.

5. Conclusions

A 2-year follow-up of prosthetic PLVs created using the new
total digital smile planning technique in vital teeth in the
esthetic zone showed that it is possible to obtain excellent
results in both functional and esthetic rehabilitation and
high patient satisfaction.The new procedure also reduces the
amount of time spent in the clinic and laboratory, increases
the predictability of data matching to build CAD/CAM-
milling mockups, reduces trauma caused by handling hard
dental tissues, and improves accuracy and reproducibility
of the final mockup. The total new digital smile planning
technique is minimally invasive and facilitates diagnosis,
improves communication with the patient, reduces process-
ing times, and increases predictability of the results with
very little discomfort and very high esthetic final results.
The present study has limits, such as the limited number
of patients enrolled: further studies on a larger sample of
patients are therefore needed to confirm our present results.
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Introduction. The aim of this study is to demonstrate the effectiveness of addition of the antimicrobial photodynamic therapy to
the conventional approach in the treatment of peri-implantitis. Materials and Methods. Forty patients were randomly assigned
to test or control groups. Patients were assessed at baseline and at six (T1), twelve (T2), and twenty-four (T3) weeks recording
plaque index (PlI), probing pocket depth (PPD), and bleeding on probing (BOP); control group received conventional periodontal
therapy, while test group received photodynamic therapy in addition to it. Result. Test group showed a 70% reduction in the plaque
index values and a 60% reduction in PD values compared to the baseline. BOP and suppuration were not detectable. Control
group showed a significative reduction in plaque index and PD. Discussion. Laser therapy has some advantages in comparison to
traditional therapy, with faster and greater healing of the wound. Conclusion. Test group showed after 24 weeks a better value in
terms of PPD, BOP, andPlI, with an average pocket depth value of 2mm, if comparedwith control group (3mm).Our results suggest
that antimicrobial photodynamic therapy with diode laser and phenothiazine chloride represents a reliable adjunctive treatment
to conventional therapy. Photodynamic therapy should, however, be considered a coadjuvant in the treatment of peri-implantitis
associated with mechanical (scaling) and surgical (grafts) treatments.

1. Introduction

Peri-implant diseasemay be defined as a pathologic condition
including inflammatory and other kinds of lesions affecting
the soft and/or hard tissues surrounding a dental implant [1].

Peri-implantitis is characterized by a severe inflamma-
tory process involving both mucosa and bone around the
implant [2]. This represents the most diffuse cause of long-
term implant failure. Bone destruction, peri-implant pockets,
bleeding on probing, the possible presence of exudate, and
loss of supporting tissue are involved in peri-implantitis [3].

Peri-implantitis is due to bacterial contamination or
technical problems, related to the implant surface itself or
to implant support placement and the subsequent osseoin-
tegration process. Osseointegration may be influenced by
mistakes or complications occurring in the surgical phase or
masticatory overload.

The bacterial biofilm on the implant surfaces is similar
to the one in periodontal disease. The microflora includes
microorganisms such asAggregatibacter actinomycetemcomi-
tans, Peptostreptococcus micros, Campylobacter rectus, Cap-
nocytophaga spp., Porphyromonas gingivalis, and Tannerella
forsythia. However, it should be stressed that the residual
teeth could influence the composition ofmicroflora. Bacterial
species observed in edentulous patients differ from those of
partially edentulous subjects. On this basis, the idea that the
presence of bacteria involved in periodontal disease could
contribute to development of peri-implantitis seems to be
plausible [4].

During the surgical stage, the treatment in the initial stage
included elimination and of plaque and calculus, decontam-
ination of the implant surface, and maintenance of healthy
conditions [5].
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Decontamination of implant surfaces is a challenging
goal. Several different treatments have been proposed in
the literature [6, 7]. Cleaning the surfaces can be through
mechanical (dental curettes, ultrasonic scalers, and air-
powder abrasive) and chemical (citric acid, H

2
O
2
, chlorhexi-

dine digluconate, and EDTA) procedures, in association with
local or systemic antibiotics [8, 9].

Lasers can be used in decontamination of implant sur-
faces. The most frequently used include diode, erbium lasers,
andCO

2
due to their hemostatic properties, selective calculus

ablation, and bactericidal effects [10].
An alternative approach to dental implant decontamina-

tion is the association of the conventional treatment with
photodynamic therapy (PDT).

Photodynamic therapy includes the use of a low-power
diode laser in combination with photosensitizing com-
pounds. These components are linked to the bacterial mem-
brane and, when excited, react with the substrate. The pho-
tosensitizer binds to the target cells and when it is irradiated
with light of specific wavelength, in the presence of oxygen,
it undergoes a transition from a low-energy ground state to
an excited singlet state; then singlet oxygen and other very
reactive agents are produced, which are toxic to these target
cells [11].

Photodynamic therapy (PDT) has received more atten-
tion in dentistry in recent years.The application of photosen-
sitive dyes into pockets and their activation with light pro-
mote killing of periodontal pathogens. Outcomes of clinical
studies in subjects with chronic periodontitis show beneficial
effects of PDT on the reduction in gingival inflammation [12].

The effects of PDT on the treatment of ligature-induced
peri-implantitis were investigated in dogs. The results
revealed a reduction in bacterial counts of Prevotella inter-
media/nigrescens, Fusobacterium spp., and beta-haemolytic
Streptococcus [13].

Several studies have demonstrated bacteria destruction
can be achieved without any damage to the treated titanium
surfaces [14].

The aim of this experimental study is to demonstrate the
efficacy of antimicrobial photodynamic therapy in addition
to the traditional approach.

2. Materials and Methods

40 subjects were involved in the study ranging in age from 34
to 68 years, referred to the Periodontology Department of the
Dentistry Unit at Bari University Hospital. The subjects had
given their consent to treatment. The study was conducted
following the Declaration of Helsinki, according to the local
Ethical Committee.

The patients were selected with these inclusion criteria:
overall plaque index (PlI) ≥40% and at least one implant
site with the following characteristics: probing depth (PD)
≥4mm, bleeding on probing (BOP), and presence of suppu-
ration. A full mouth series for each patient was performed to
confirm diagnosis. Six sites for each implant were analyzed.

Exclusion criteria included decompensated systemic dis-
ease, degenerative bone disease, chronic immune-based

Figure 1: Ultrasonic debridement has been performed.

mucomembranous disorders (e.g., lichen planus, pemphi-
goid, pemphigus, and systemic lupus erythematosus), chem-
otherapy or radiotherapy to the head and neck area, preg-
nancy, presence of teeth with periodontitis adjacent to sites
affected by peri-implantitis, implants placed in fresh extrac-
tion sockets, smoking >10 cigarettes daily, and alcoholism.

The null hypothesis was that nonstatistically significant
differences are observed with respect to the clinical param-
eters (e.g., PPD, BOP, and PlI) between the two treatment
modalities (i.e., adjunctive PDT test group versus control
group).

The primary outcome variable was the reduction of PD
in peri-implant sites with probing depth ≥4mm. Secondary
outcome variables were the changes in BOP and PlI.

The ratio of this study was based on the capacity of
photodynamic therapy to promote bacterial inactivation by
light and not by heat. This is achieved with 40-milliwatt
laser beam power, with no heat being developed. 360∘ light
irradiation is obtained by means of special probes ensuring
optimal light beam diffusion.

123 dental implants were analyzed. The patients were
randomly assigned to two groups, that is, a test group (63
implants) and a control group (59 implants), using a software
to create a randomization list (https://www.random.org/) and
assigning a code to each patient.

For both groups of patients the following indices were
measured by means of a plastic probe: the plaque index (PlI),
based on the Plaque Control Record (PCR, [15]), bleeding
on probing (BOP) with or without suppuration, and probing
depth (PD).

Mechanical and manual decontamination of the oral
cavity was performed using air polishing with micronized
glycine powder to remove plaque and discolorations and
expose the underlying calculus (Figure 1). The latter was
removed with a piezoelectric ablator in combination with a
universal tip for the scaling of natural teeth and a special
nonmetal tip for implant scaling. Root debridement at sites
with PD ≥4mmwas performedwith a periodontal ultrasonic
unit and implant debridement at sites with PD ≥4mm was
done with carbon-fiber-reinforced plastic curettes.

At the end of the procedure, according to the code of the
envelope, the dental hygienist considered in the test group
the addition of laser-assisted antimicrobial photodynamic
therapy based on the HELBO Protocol at implant sites with
PD ≥4mm.
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Figure 2: The special HELBO� Blue Photosensitizer is applied
within the peri-implant pocket starting from the bottom.

Figure 3: Rinsing the fluid off the pocket.

The treatment of PDT was performed using HELBO
TheraLite (Bredent medical), diode laser battery powered
with a wavelength of 670 nm and output of 75mW/cm2, with
a spot size of 0.06 cm in diameter. HELBO Blue photosen-
sitizer was used, a liquid containing methylene blue (methyl-
thioninium hydrochloride, also known as 3,7-bis phenothi-
azine-5-ium chloride). The concentration of photosensitizer
was 10mg/mL with absorbance peak at 670 nm. Its use as
a chromophore in photodynamic therapy is justified by its
relative stability in the light, which makes it an important
generator of singlet oxygen (ET= 142.1 kJ/mol withΦΔ= 0.60
in water).

The photosensitizer was applied inside the peri-implant
pocket starting from the bottom and moving in apical-
coronal direction (Figure 2). Care was taken to avoid the for-
mation of air bubbles, allowing the fluid to dye all bacteria by
leaving it in situ for 60 seconds. After rinsing the fluid off the
pocket and suctioning excess liquid (Figure 3), the previously
dyed implant surfacewas exposed toHELBOTheraLite diode
laser for 1 minute (Figure 4). The fluence was 25.54 J/cm2,
while the total energy applied was 1592 J/cm2. TheraLite
illumination was applied using circular movements. This
type of movement promotes the best activation of the dye
molecules with the laser light and transfers their energy to
local oxygen.The resulting singlet oxygen is highly aggressive
and capable of destroying bacterial cells.

Both groups of patients received home oral hygiene
instruction. They were advised to brush their teeth for two
minutes, twice a day, using an oscillating-rotating electric

Figure 4: Exposure to HELBO TheraLite diode laser for about 1
minute of the implant surface.

Figure 5: Final probing.

toothbrush with little toothpaste and a special brush for
interproximal hygiene.

T1 (6 Weeks). In both groups the same clinical measurements
were taken as those at baseline and home oral hygiene
instruction was provided again.

T2 (12Weeks). In both groups the same clinicalmeasurements
were taken as those at baseline and home oral hygiene
instruction was provided again. This was followed by a
deplaquing session with glycine air polishing.

T3, End of the Study (24 Weeks). The same clinical measure-
ments were taken as those at baseline (Figure 5).

A weighted arithmetic mean was taken to calculate
average values for each group in terms of PD, BOP, and PlI
at 6, 12, and 24 weeks using a computer software (Graph Pad
Prism 5�).

3. Results

As early as at the 6th week of the study, reductions in clinical
parameters were observed in both groups compared with
baseline values. The reductions were more marked in the test
group.

PD average values were calculated. Average values were
lower than the baseline. The reduction was first seen as early
as at 6 weeks, to be confirmed at 12 weeks, when the values
further declined.The readings remained constant at 24weeks.
Test group showed a better value of PD, with an average value
of 2mm if compared with control group (3mm).
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With regard to the plaque index, average value was
calculated for each group. In this case, a significant score
reduction was recorded as early as at the 6th week. Despite
improving of daily oral hygiene practices, the plaque index
variations were not constant. Test group showed a PlI of 17%
after 24weeks. Control group showed a PlI of 25%.Therewere
no significant differences between the two groups (Table 2).

Regarding BOP, at baseline, all patients had bleeding
on probing and suppuration at the peri-implant sites under
investigation. In the test group patients, these signs of inflam-
mation had gradually improved to disappear completely
by the 24th week. In the control group, however, some
improvements were recorded, but not all of the patients
achieved complete remission (Table 3).

4. Discussion and Conclusion

Peri-implantitis has been defined as an inflammatory process
that affects the soft tissues surrounding an osseointegrated
implant in function with concomitant loss of supporting
marginal bone. Peri-implant mucositis, in contrast, is a
reversible inflammatory reaction of the mucosa adjacent to
an implant without bone loss. Colonization of oral implant
surfaces with bacterial biofilms occurs rapidly and the biofilm
development seems to play an important role in altering the
biocompatibility of the implant surface and, thus, enhancing
peri-implant disease development [16].

Since photodynamic therapy has been introduced in
dentistry, several advantages of laser and PDT in the many
fields of dentistry have been described in the literature. An
increasing interest is recently growing regarding PDT in
implant dentistry and as a coadjuvant treatment for peri-
implantitis [17]. It employs visible light (laser) and a dye
(photosensitizer), the combination of which leads to the
release of free oxygen radicals, which in turn can selectively
destroy bacteria and their products. Although PDT has been
used in the field of medicine since 1904 for light-induced
inactivation of cells, microorganisms, and molecules, Brane-
mark’s discovery of osseointegration in 1965 was extremely
important to restorative treatments and, particularly, func-
tional oral rehabilitation. A large number of patients have
been rehabilitated with dental implants, and, consequently,
more cases of success and failure have appeared over the
years. Thus, peri-implantitis has become an increasingly
frequent problem in dentistry.

Laser therapy has some advantages in comparison to
traditional therapy. It is well known that laser has the ability to
modify dentin so as to obtain the exposition of collagen fibers.
The exposition of collagen may facilitate the attachment of
blood clot and its stabilization. This, in turn, may favor
a speedy healing and the obtainment of a new collagen
attachment in spite of long junctional epithelium. This fact
could explain the faster and greater healing of the wound and
the results in the test group. It is clear that further histological
analysis should be carried out to demonstrate this idea [18].

Thus, photodynamic therapy (PDT) may be one such
treatment alternative. Only in the last 10 years or so clinical
studies have examined its application in the oral cavity.

Table 1: Probing depth average values in test and control group after
6, 12, and 24 weeks.

PD Test Control
Baseline 5mm 5mm
6 weeks 3mm 3mm
12 weeks 2mm 2mm
24 weeks 2mm 3mm

Table 2: Plaque index values in test and control group after 6, 12,
and 24 weeks.

PlI Test Control
Baseline 60% 62%
6 weeks 11% 12%
12 weeks 17% 21%
24 weeks 17% 25%

Table 3: BOP and suppuration values in test and control group after
6, 12, and 24 weeks.

BOP/suppuration Test Control
Baseline 100% 100%
6 weeks 20% 35%
12 weeks 10% 20%
24 weeks 0% 10%

The current data show that treating chronic periodontitis
with PDT alone versus conventional SRP treatment has no
additional benefit [19]. In contrast, combining PDT and SRP
does provide an additional benefit, particularly in lesionswith
unfavorable anatomic conditions. A clinical controlled study
compared the effect of PDT alone (without subgingival SRP)
with SRP in the treatment of aggressive periodontitis [20, 21].

In addition to this, during peri-implantitis treatment,
HELBO technology offers the advantage of a noninvasive,
painful, rapid bacterial inactivation thanks to liberation of
oxygen. Oxygen allows the destruction of bacteria mem-
brane, and on the other hand its sparkling effect permits
dangerous enzymes and collagenosis to be quickly removed
from the pocket, for a better bacterial removal and, as a
consequence, could facilitate healing.

The improvement of values analyzed wasmoremarked in
the test group (Table 1). Test group showed a better value of
PD, with an average value of 2mm if compared with control
group (3mm).

Regarding PlI the significant reduction recorded at the
6th week was followed by a slight increase at 12 weeks, with
values remaining constant up to the 24th week. However, the
plaque index score for each patient at 24 weeks was anyway
lower than at baseline.

Finally, a comparison between baseline and final average
bleeding on probing (BOP) and suppuration values also
shows substantial improvement.

Thus, the results obtained in this study suggest that pho-
todynamic therapy could be considered an effective method
for bacterial reduction on implant surfaces [17–22].
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Our study also confirms its effectiveness in reducing
clinical indices and the bacterial load at sites affected by peri-
implantitis, with significant bacterial detoxification being
achieved.

Photodynamic therapy should, however, be considered a
coadjuvant in the treatment of peri-implantitis and associated
with mechanical (scaling) and surgical (grafts) treatments in
order to control peri-implant disease.
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We aimed to evaluate the color stability of bulk-fill and conventional composite resin with respect to thickness and storage media.
Twenty specimens of a conventional composite resin (6mm diameter and 2mm thick) and 40 specimens of the bulk-fill Tetric
EvoCeram composite resin at two different thicknesses (6mm diameter and 2mm thick or 4mm thick, 𝑛 = 20) were prepared.
The specimens were stored in distilled water during the study period (28 d). Half of the specimens were remained in distilled water
and the other half were immersed in coffee solution 20min/d and kept in distilled water between the cycles. Color changes (Δ𝐸)
were measured using the CIE 𝐿∗𝑎∗𝑏∗ color space and a digital imaging system at 1, 7, 14, and 28 days of storage. Data were analyzed
using Two-way ANOVA and Tukey’s HSD post hoc test (𝑃 < 0.05). Composite resins showed significant increase in color changes
by time (bulk-fill > conventional; 𝑃 < 0.001). Coffee exhibited significantly more staining susceptibility than that of distilled water
(𝑃 < 0.001). There was greater color changes with increasing the increment thickness, which was significant at 14 (𝑃 < 0.001) and
28 d (𝑃 < 0.01). Color change of bulk-fill composite resin was greater than that of the conventional one after coffee staining and is
also a function of increment thicknesses.

1. Introduction

Color stability of composite resin is an important prop-
erty influencing its clinical longevity, which continues as
a challenge inherent to material [1]. Color changes can
occur due to various etiologic factors; extrinsic discoloration
can occur due to staining in the superficial layer of resin
composite, water absorption, surface roughness, smoking,
and diet [2, 3]. Intrinsic discoloration could occur as a result
of physicomechanical reaction within the material (e.g., the
filler and the resin matrix properties) [4].

In oral conditions, composite resins are exposed to
different dietary beverages such as coffee which might result
in absorption and adsorption of colorants in coffee into the
resin surface [5] and consequently undesirable color change.

Previous investigations reported the influence of coffee on the
color stability of composite resins [6–10].

Generally, it is recommended that the resins should
be placed in 2mm increments to obtain sufficient light
transmittance and complete curing of composite resins [11].
Placing the resin in 2mm increments has some merits
including the reduction of the polymerization shrinkage and
the voids incorporation between the layers [12]. However, the
application of composite resins in an incremental technique
and light curing each increment individually is a time-
consuming procedure. There is also an increasing possibility
of air bubble inclusion or moisture contamination between
individual increments of resin composite restorations [13].

To overcome such fallibility, bulk-fill composite resins are
introduced. According to the manufactures, these materials
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Table 1: Composition of the materials.

Materials Composition Filler amount,
wt%, vol% Manufacturer

Tetric EvoCeram
universal

Bis-GMA, UDMA, Ba-Al-Si glass
prepolymer filler (monomer, glass filler,
ytterbium trifluoride, and mixed oxide),
and prepolymer

55–57
Ivoclar Vivadent

(Schaan,
Liechtenstein)

Tetric EvoCeram
bulk-fill

Dimethacrylates: Bis-GMA, Bis-EMA,
UDMA, barium glass, ytterbium
trifluoride, mixed oxide, and prepolymer;
additives, catalysts, stabilizers, and
pigments

81–61
Ivoclar-Vivadent

(Schaan,
Liechtenstein)

UDMA, urethane dimethacrylate; Bis-GMA, bisphenol A diglycidyl ether dimethacrylate; Ba-Al-Si glass, barium-aluminum-silicate glass.

can be sufficiently light cured up to 4mm in a single incre-
ment, without influencing the polymerization shrinkage,
degree of conversion, or cavity adaptation [14]. In addition,
it is claimed that these materials have lower polymerization
shrinkage compared to conventional composite resins [15].
Thus, some postoperative problems, such as gap formation
and the incidence of recurrent carries, may be diminished.
Such merits are probably due to the increased translucency
of the bulk-fill composites, which permits greater light
transmission. Additionally, the formulation of thesematerials
allows for modulation of the polymerization reaction by
applying the stress-relieving monomers, the use of more
reactive photoinitiators, and the incorporation of different
types of fillers, such as prepolymer particles and fiberglass rod
segments [12].

While themanufacturers recommendbulk-filling of these
materials up to 4mm, many clinicians suspect that the depth
of cure and mechanical properties might not be suitable for
clinical use.

There are few reports on of the effect of increment
thickness and the storage media on the discoloration of these
bulk-fill resin composites. Since color changes are a concern
that affects the population and one of the main reasons for
replacing resin-based restorations, this study investigated the
effects of the increment thickness and the storage media on
the discoloration of one of these bulk-fill resin composites.

2. Materials and Methods

2.1. Materials. Two A3 shade light cured composite resins,
conventional and bulk-fill Tetric EvoCeram, were selected for
this study. Characteristics of the materials are presented in
Table 1.

2.2. Methods. The specimens of conventional (6mm diam-
eter and 2mm thickness, 𝑛 = 20) and bulk-fill composite
resins at two different thicknesses (6mm diameter and 2mm
and 4mm thickness, 𝑛 = 20) were prepared using a
polyethylene mold. After applying the composite resin, a
Mylar strip was placed and pressed with a glass slide to
obtain a flat surface. The glass slide was removed and the
specimens were cured for 40 s using a halogen light curing

unit (1086.67mW/cm2, Demetron L.C; Kerr Corporation,
Orange, CA, USA).

After removing the specimens from the molds, baseline
color was measured using a digital image analysis method
as described later. Specimens were stored at 37∘C in distilled
water for 28 d.

Half of the specimens remained in distilled water and the
other half were immersed in coffee solution 20min/d and
remained in distilled water in the interval between cycles.
To prepare the coffee solution, 25 g of coffee (Taster’s Choice,
Nestlé USA, Inc., Glendale, CA, USA) was poured in 250mL
of boiling water, and after 10min of stirring, the solution was
filtered through a filter paper.

The color of the specimens was assessed in the Com-
mission International de I’Eclairege 𝐿∗𝑎∗𝑏∗ (CIELAB) color
space using a digital image analysis method. The CIELAB
system is a chromatic value color space thatmeasures chroma
and value in three coordinates: 𝐿∗, the lightness measured
from 0 (black) to 100 (white), 𝑎∗, color in the red (𝑎 < 0)
and green (𝑎 > 0) axis, and 𝑏∗, color in the blue (𝑏 < 0) and
yellow (𝑏 > 0) axis.

A setup was designed in a dark room while two 60w
light sources were positioned from the sides (45-degree angle
to the samples). At each interval, the specimens were rinsed
with distilled water for 5 seconds, blotted dried with tissue
paper, and placed on a dark background. 18% grey card was
placed next to the specimens to achieve neutral background.
The digital images connected with the computer running
Adobe Photoshop CS5 (Adobe, San Jose, CA, USA) as color
assessment software. The color change (Δ𝐸) was calculated
using the following equation:

Δ𝐸 = (Δ𝐿
2

+ Δ𝑎
2

+ Δ𝑏
2

)

1/2

. (1)

See [16].

2.3. Statistical Analysis. Theresults were statistically analyzed
using Repeated Measures Two-way ANOVA with factors
including materials (conventional, 2mm and 4mm bulk-fill
resin composite) and immersion media (coffee and distilled
water) for each time interval. For multiple comparisons,
Tukey’s HSD post hoc test was used to compare different
materials (𝑃 < 0.05) (SPSS v12.0; SPSS Inc., Chicago, IL,
USA).
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Table 2: Mean (SD) of Δ𝐸 values at different time intervals and
storage media.

Material (thickness) Time interval Storage media
Water Coffee

Conventional (2mm)

Δ𝐸
1 d 2.1 (0.21)Aa 2.86 (0.34)Ab

Δ𝐸
7 d 3.26 (0.22)Aa 4.97 (0.54)Ab

Δ𝐸
14 d 4.41 (0.20)Aa 8.11 (0.46)Ab

Δ𝐸
28 d 5.59 (0.26)Aa 11.34 (0.56)Ab

Bulk-fill (2mm)

Δ𝐸
1 d 3.39 (0.36)Ba 7.64 (0.58)Bb

Δ𝐸
7 d 4.03 (0.33)Ba 11.26 (0.61)Bb

Δ𝐸
14 d 5.14 (0.24)Ba 13.84 (0.75)Bb

Δ𝐸
28 d 7.57 (0.34)Ba 17.02 (0.86)Bb

Bulk-fill (4mm)

Δ𝐸
1 d 3.12 (0.22)Ba 8.00 (0.53)Bb

Δ𝐸
7 d 4.52 (0.24)Ba 11.77 (0.44)Bb

Δ𝐸
14 d 5.61 (0.28)Ca 17.11 (0.52)Cb

Δ𝐸
28 d 7.50 (0.35)Ca 21.31 (0.40)Cb

Δ𝐸
1 d, Δ𝐸 between 1 day and baseline; Δ𝐸

7 d, Δ𝐸 between 7 days and
baseline; Δ𝐸

14 d, Δ𝐸 between 14 days and baseline; Δ𝐸
28 d, Δ𝐸 between 28

days and baseline. Different lowercase letters indicate statistically significant
differences between the media (𝑃 ≤ 0.05). Different uppercase letters
indicate statistically significant differences between materials (𝑃 ≤ 0.05).

3. Results

The mean Δ𝐸 values of specimens at different thicknesses
and media are shown in Table 2. The results of this study
showed the significant color changes among all groups (𝑃 <
0.001). Tukey’s HSD test revealed that bulk-fill composite
resins showed the significantly greaterΔ𝐸 values compared to
those of conventional resins in all time intervals (𝑃 < 0.001).

Regarding color changes of bulk-fill composite resin at
increasing depths, 4mm thick specimens showed a signifi-
cant increase in mean Δ𝐸 values at 14 d (𝑃 < 0.001) and 28 d
(𝑃 < 0.001). However, the difference was not significant at 1 d
and 7 d.

Immersion in coffee and distilled water provided signif-
icant color changes. Immersion in coffee solution resulted
in greater and significant discoloration over time, when
compared to that of water storage (𝑃 < 0.001).

4. Discussion

Color stability of dental restorations is one of themost impor-
tant characteristics of composite resin materials in terms of
longevity [17]. Although there have been several studies on
the effect of different beverages on the color stability of resin
composites, there is little information regarding the color
stability of a new bulk-fill resin composite, which has been
introduced for applying in thicker layers.

In the present study the effect of coffee staining on the
color stability of bulk-fill (with different thicknesses) and
conventional composite resins was evaluated over a period
of 28 days. Coffee (20 minutes daily) and distilled water were
chosen as the storagemedia in this study since theymimic the
liquids that are constituently in contact with resin composite
restorations in the oral environment.

The CIELAB color system was chosen for the color
assessment in a current study. This system is a standard
method for measuring color differences based on human
perception. The Δ𝐸 value presents relative color differences
of dental materials or tooth surfaces before and after an
intervention. According to literature, values of Δ𝐸 < 1 are
regarded as not appreciable by the human eye. Values 1 <
Δ𝐸 < 3.3 are considered appreciable by skilled operators
but clinically acceptable, whereas values of Δ𝐸 > 3.3 are
considered appreciable by nonskilled persons and are, hence,
not clinically acceptable [18]. Therefore, color changes above
a value of Δ𝐸 = 3.3 were considered clinically unacceptable.

In this study significant differences in Δ𝐸 values were
found among materials for both storage media. Coffee stain-
ing produced higher color changes in the specimens than
those of water storage, which was in line with the previous
investigations; Ertaş et al. and Villalta et al. immersed
composite resin into the different beverages and reported
that coffee showed greater color changes compared to water
storage [6, 7]. The present result seems reasonable because
when specimens were submitted to coffee staining, discol-
oration occurred due to the adsorption and absorption of
pigments into the organic phase of resin-basedmaterials [19].
Additionally, coffee contains significant amounts of staining
agents such as gallic acid, which facilitate staining.

The findings of our study present that water storage
can also lead to slight discoloration, slightly perceptible,
which is in line with the other investigations. The staining
susceptibility of specimens after being immersed in distilled
water might be due to their degree of water absorption
and the hydrophilic/hydrophobic nature of the resin matrix.
Water absorption occurs mainly as direct absorption by the
resin matrix [20]. Excessive water absorption can decrease
the life of a composite resin by plasticizing and expanding the
resin component, causing microcrack formation. As a result,
microcracks or interfacial gaps at the interface between the
filler and matrix allow stain penetration and discoloration
[21]. In addition, discolorationmight be due to the differences
in the refractive index of filler and matrix which might
increase after water absorption [22].

Others factors that have been shown to have a significant
impact on the color stability of material are the composition
of composite resins and the characteristics of filler particle
[23]. In this study the color susceptibility of bulk-fill com-
posite resin was significantly higher than that of conven-
tional composite resin after immersion in storage media;
it is claimed that bulk-fill Tetric EvoCeram resins consist
of a variety of fillers, prepolymer shrinkage stress reliever,
different photoinitiator system, and light sensitivity system.
These differences might influence the staining susceptibility
[24]. The mechanism of the interaction between the bulk-
fill composite resin and the storage media is unknown and
requires further investigation.

Altering the resin thickness is one of the other variables
that can affect the final appearance of composite restoration.
In the present study we tested the different thicknesses (2
and 34mm) on the color stability of bulk-fill composite resin.
We found that bulk-fill materials showed significantly greater
discoloration at increasing increment thickness at 14 d and
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28 d. This can be explained by the polymerization process
of resin-based composites. Depth of cure can be influenced
by different factors such as the monomer composition, filler
content, and photoinitiator system. Light exposure can lead
to causing activation of the photoinitiator which is attenuated
by composite absorption and scattering. Thus, depth of
cure relies on the material’s capacity to transfer light into
its depths, as well as on the polymerization kinetics. A
previous study showed that, in the case of applying composite
resin incrementally, no significant difference was observed
in values of depth of cure at different depths. But a bulk-fill
technique might result in a greater number of particle/resin
matrix interfaces and increased light scattering due to the dif-
ferences in their refractive indices. Therefore, lesser amount
of photons would reach deeper layers of composite resin and
consequently a lower depth of cure value would be obtained
at the deepest depths. In accordance with these results, Flury
et al. reported lower depths of cure of the bulk-fill specimens
with 4mm thickness compared to the values asserted by
the manufacturers [25]. In part, differences in the depth of
cure, and even the overall degree of conversion, might affect
the uncured monomer released and influence the composite
discoloration [26]. As a consequence, mechanical properties
are deteriorated leading to greater monomer elution which
can result inmorewater absorption and, hence, discoloration.

5. Conclusions

Our findings demonstrated that bulk-fill composite resin had
greater color susceptibility after immersion in coffee than
conventional composites. Considering the increment thick-
ness it can be noted that the discoloration is increased with
greater increment thickness. We demonstrated that greater
staining susceptibility of thicker specimens might be due to
their lower depth of cure when placing bulk-fill materials.
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of cure of resin composites: is the ISO 4049 method suitable for
bulk fill materials?”Dental Materials, vol. 28, no. 5, pp. 521–528,
2012.

[26] R. Janda, J.-F. Roulet, M. Kaminsky, G. Steffin, and M. Latta,
“Color stability of resin matrix restorative materials as a func-
tion of the method of light activation,” European Journal of Oral
Sciences, vol. 112, no. 3, pp. 280–285, 2004.



Research Article
The Reinforcement Effect of Nano-Zirconia on
the Transverse Strength of Repaired Acrylic Denture Base

Mohammed Gad,1 Aws S. ArRejaie,1 Mohamed Saber Abdel-Halim,1 and Ahmed Rahoma2,3

1Department of Substitutive Dental Sciences, College of Dentistry, University of Dammam, P.O. Box 1982,
Dammam 31411, Saudi Arabia
2Department of Biomaterial Dental Sciences, College of Dentistry, University of Dammam, P.O. Box 1982,
Dammam 31411, Saudi Arabia
3Department of Dental Materials, College of Dentistry, Al-Azhar University, P.O. Box 11117, Assiut, Egypt

Correspondence should be addressed to Mohammed Gad; dr.gad@hotmail.com

Received 18 March 2016; Accepted 9 May 2016

Academic Editor: Jamil A. Shibli

Copyright © 2016 Mohammed Gad et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Objective.Theaimof this studywas to evaluate the effect of incorporation of glass fiber, zirconia, and nano-zirconia on the transverse
strength of repaired denture base. Materials and Methods. Eighty specimens of heat polymerized acrylic resin were prepared and
randomly divided into eight groups (𝑛 = 10): one intact group (control) and seven repaired groups. One group was repaired with
autopolymerized resin while the other six groups were repaired using autopolymerized resin reinforced with 2wt% or 5wt% glass
fiber, zirconia, or nano-zirconia particles. A three-point bending test was used to measure the transverse strength. The results
were analyzed using SPSS and repeated measure ANOVA and post hoc least significance (LSD) test (𝑃 ≤ 0.05). Results. Among
repaired groups it was found that autopolymerized resin reinforced with 2 or 5wt% nano-zirconia showed the highest transverse
strength (𝑃 ≤ 0.05). Repairs with autopolymerized acrylic resin reinforced with 5wt% zirconia showed the lowest transverse
strength value. There was no significant difference between the groups repaired with repair resin without reinforcement, 2 wt%
zirconia, and glass fiber reinforced resin. Conclusion. Reinforcing of repair material with nano-zirconia may significantly improve
the transverse strength of some fractured denture base polymers.

1. Introduction

Denture fracture is a common problem in prosthodontic
practice that troubles both patients and prosthodontists.
Inordinate masticatory forces or denture deformation during
use can result in bending forces that contribute to fatigue of
the material and subsequent fracture [1]. A new denture con-
struction increases the cost and is time consuming, so den-
ture repair is preferred [2]. Satisfactory repair should be easy
and rapid and match the original color of the denture base
while maintaining the dimensional accuracy [3]. Denture
repair depends on many variables including material type,
material reinforcement, surface design, and surface treatment
[2]. Several materials have been used to repair fractured den-
ture bases, including autopolymerized, visible light polymer-
ized, heat polymerized, or microwave polymerized acrylic
resin [4, 5]. Most (86%) of denture base repairs aremade with

autopolymerized acrylic resin [6] because it is easy to manip-
ulate and fast and can be used chair-side [7]. Unfortunately,
its strength has been shown to range from 18 to 81% of intact
heat polymerized denture resin [3, 8]. Many attempts have
beenmade to overcome this shortcoming via using reinforced
repair material and/or modification of repair surface design
and treatment. Hanna et al. investigated the effect of 45∘ bevel
of the repair surface on the transverse strength of the repaired
denture base and found that higher values were obtained [9].
Beveling of the repair surface changed the fracture type from
weak adhesive to strong cohesive fracture [10]. It is appro-
priate to treat the repair surface with repair monomer as it
modifies the surface structure and increases its bond to repair
material [11–13].

Glass fiber is one of the most common reinforcement
materials and many investigations of its effect on repaired
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Table 1: Tested groups and coding according to repair material reinforcement.

Group code Repair material
HC Intact heat polymerized specimens (control)
AP Autopolymerized acrylic resin
2GF Autopolymerized acrylic resin reinforced with 2wt% glass fiber
5GF Autopolymerized acrylic resin reinforced with 5wt% glass fiber
2ZR Autopolymerized acrylic resin reinforced with 2wt% zirconia
5ZR Autopolymerized acrylic resin reinforced with 5wt% zirconia
2NZR Autopolymerized acrylic resin reinforced with 2wt% nano-zirconia
5NZR Autopolymerized acrylic resin reinforced with 5wt% nano-zirconia

denture base have been performed. Addition of glass fiber to
repair material improves the strength of a denture base repair
andmay decrease the occurrence of future fracture [3, 14, 15].
This may be attributed to the fact that glass fiber has a high
resilience which allows the stresses to be received by them
without deformation [16].

Zirconia (ZrO
2
) is a metal oxide and may be used as a

reinforcement material to improve the transverse strength
of denture base resin [17, 18]. Reinforcement of acrylic den-
ture base with zirconia significantly increases its transverse
strength [19]. Recently, nanotechnology invaded the prostho-
dontic field for medical and material enhancement purposes.
The properties of the reinforced resin by nanoparticles
depend on the size, shape, type, and concentration of the
added particles [20]. Additions of nano-zirconia to polymeth-
ylmethacrylate (PMMA) denture base have been reported
to increase the transverse strength due to its small size and
homogenous distribution [21].

The disadvantage of commonly used repair materials is
that they have poor strength. The current research in the
field of dental materials is focused on finding the appropriate
repair material with adequate strength and prolonged shelf
life. Till date, the effect of nano-ZrO

2
on repair strength has

not been investigated.Therefore, this study was conducted to
evaluate the reinforcement effect of different concentrations
of glass fiber, zirconia, and nano-zirconia on the transverse
strength of a repaired denture base. The null hypothesis was
that the addition of different concentrations of zirconia or
nano-zirconia will not improve the transverse strength of
repaired denture base.

2. Materials and Methods

In accordance with ANSI/ADA specification number 12,
eighty rectangular specimens of heat polymerized acrylic
resin with dimensions (65 × 10 × 2.5mm ± 0.1) were prepared
using customized molds [22]. Molds were waxed up (Cavex
Set UpWax, Cavex, Netherlands) and then wax patterns were
invested in type III dental stone (GC Fujirock EP, Belgium)
within a flask (61B Two Flask Compress, Handler Manufac-
turing, USA) and then dewaxed to create the mold space.
According to the manufacturer’s instructions, heat polymer-
ized acrylic resin (Major Base 20, Major Prodotti Dentari
SPA, Italy) was mixed and packed in the dough stage into the
mold cavity and trial closure was done and then flask was
closed and kept under bench press for 30min. Flask with

acrylic resin specimens was processed for 8 hours in water
bath at 74∘C and then temperature was increased to 100∘C
for 1 hour into thermal curing unit (KaVo Elektrotechnisches
Werk GmbH, D-88299, Germany). After curing, the flasks
were bench cooled to room temperature prior to deflasking.
The excess resin of deflasked specimens was removed with a
tungsten carbide bur (HM251 FX 040 HP, Meisinger, USA),
polished with acrylic polisher (HM251FX-060, Meisinger,
USA), and then stored in distilled water at 37∘C for 48 hours.
All specimens were randomly divided into eight groups: one
intact and seven repaired groups (Table 1). To create 3mm
repair gap, repair specimens were placed into the mold and
numbered on both ends for reassembling. Mark was drawn
at the specimen center and then at 1.5mm distance from this
mark two lines were drawn on both sides and perpendicular
to the long edge of specimen. These two lines were extended
on the surfaces of the mold as a guide for all specimens. At
these lines the specimens were cut with low speed diamond
disc (DeguDent, GmbH, REF 59903107, Dentsply, Germany)
under profuse irrigation. Standardized 45∘ bevel joint was
prepared by measuring a 2.5mm and drawing a line parallel
to the prepared edge. In the same manner, the mold sides
were cut at the centermeasuring 8mmfrom the upper surface
and 3mm from the lower surface preserving the mold base
intact. Specimens were placed in the mold and cut in bevel
direction by diamond disc guided by lines and mold surfaces
to create a repair gap of 3mm × 10mm × 2.5mm with a
45∘ bevel joint. Glass fiber (E-glass; length = 3mm, Shanghai
Richem International Co., Ltd., China), zirconia (99.5%,
5 um, 1314-23-4, Shanghai Richem International Co., Ltd.,
China), and nano-zirconia powder (99.9%, <100 nm, 1314-
23-4, Shanghai Richem International Co., Ltd., China) were
weighed using an electronic balance (S-234; Denver Instru-
ment, Germany) in a concentration of 2wt% and 5wt% of
autopolymerized acrylic resin powder (Major Repair; Major
Prodotti Dentari SPA, Italy). Preweighed glass fiber, zirconia,
and nano-zirconia powder were separately added to the
autopolymerized acrylic resin powder and thoroughly mixed
using a mortar and pestle to achieve an equal distribution of
particles and uniform color. According to numbering, spec-
imen sections were reassembled into the original mold and
fixed creating 3mmbetween reassembled sections.The repair
surfaces were treatedwith themethylmethacrylatemonomer
for three minutes. Repair was done using the sprinkle-on
monomer-polymer method and slightly overfilling the repair
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gap to compensate polymerization shrinkage and finishing
procedures. Once the surface of the repair material lost
its glaze, the molds and their contents were placed in the
pressure chamber containing water at (40∘C) and at pressure
30 IB/inch2 (pound-force per square inch) for 15 minutes.
After curing, the specimens were removed from the mold,
finished, polished, and then put into distilled water and
incubated at 37∘C for 48 hours and then tested [3, 23]. To
determine transverse strength, fracture load was measured
using the three-point bending test on a universal testing
machine (INSTRON 8871, Servo Hydraulic system, Merlin
2 software). The specimens were placed on a 3-point flexure
apparatus and the support spanwas 50mm. Loadwas applied
at the midpoint of the repaired area with crosshead speed of
5mm/min until the specimen fractured and fracture loadwas
recorded. The formula

(TS = 3𝑊𝐿
2𝑏𝑑
2

) (1)

was used to calculate the transverse strength values of each
specimen, where TS is the transverse strength (in MPa), 𝑊
is the fracture load (N), 𝐿 is the distance between the two
supports, 𝑏 is the specimen width, and 𝑑 is the specimen
thickness [24, 25].

3. Statistical Analysis

Data analysis was performed by using SPSS-20.0, IBM soft-
ware, Chicago (USA). The results were presented as mean
and standard deviations. Repeated measure ANOVA was
applied to see the statistical significance of the variables in
comparison with control group and AP. Post hoc least signif-
icance (LSD) test was used to see the pairwise comparison
of the variables. 𝑃 value ≤0.05 was considered statistically
significant result.

4. Results

Themean value and standard deviation of transverse strength
are summarized in Table 2. The statistical analysis revealed
that the transverse strength of theHCwas the highest strength
value between tested groups (Figure 2). There were statisti-
cally significant differences in transverse strength between
the repaired groups 5NZR, 2NZR, 2GF, and 5ZR as compared
to AP (𝑃 ≤ 0.05). The higher transverse strength values were
in groups 5NZR, 2NZR, and 2GF, respectively. Meanwhile
5ZR showed a significant decrease in transverse strength
value. There was no significant difference in transverse
strength between 2ZR and 5GF with AP.

5. Discussion

This in vitro study was carried out to evaluate the reinforcing
effect of different concentrations of glass fiber, zirconia,
and nano-zirconia on the transverse strength of a repaired
denture base. Results revealed that the HC group had the
highest transverse strength values amongst all groups, which
is in agreement with the results of a previous study [26]. Some

Table 2: Mean, standard deviation (SD), and 𝑃 values for different
concentrations of glass fiber, zirconia, and nano-zirconia reinforce-
ment.

Mean ± SD Versus HC Versus AP
HC, control 83.01 ± 3.03 — —
AP 44.85 ± 3.68 — —
2GF 56.98 ± 2.58∗∗ 0.0001 0.001
5GF 42.75 ± 2.45∗ 0.0001 0.175
2ZR 50.07 ± 2.97∗ 0.0001 0.064
5ZR 40.21 ± 3.31∗∗ 0.0001 0.035
2NZR 65.43 ± 2.62∗∗ 0.001 0.0001
5NZR 70.77 ± 2.80∗∗ 0.001 0.0001
∗Statistical significance of the material with control group only at 𝑃 ≤ 0.05.
∗∗Statistical significance of the material with control as well as AP at 𝑃 ≤
0.05.

reinforced repaired specimens exhibited an increase in trans-
verse strength compared to AP; hence, the null hypothesis
was rejected. The transverse strength of AP decreased up to
half the value of HC group, which is in agreement with the
results of previous studies [3, 27, 28]. The decrease in trans-
verse strength may be due to lower strength of autopolymer-
ized acrylic resin; insufficient polymerization process; and
the residual monomer retained at the repair site [29–31]
(Figure 1). Glass fiber addition to repairmaterial was found to
improve the transverse strength of the repaired denture base
andmay be more acceptable for use because of aesthetics and
ease of use [32]. Findings of the current study revealed an
increase in the transverse strength of 2GF compared to AP,
which is in agreement with the results of a previous study
[32].This increasemay be attributed to the fact that glass fiber
has a high resilience which allows the stresses to be received
by them without permanent deformation [16]. 5GF showed a
decrease in transverse strength, which is in agreement with
a previous study [33].This could be explained due to the high
fiber content which might affect the bond strength between
the repair material and the denture base [34]. The results
of this study showed that the addition of 2ZR improved the
transverse strength of the repaired specimens. This increase
in transverse strength might be resulting from the transfor-
mation of zirconia from the tetragonal to monoclinic phase
resulting in absorbing the energy of crack propagation in
a process called transformation toughening. Also, in this
process, expansion of ZrO

2
crystals occurs and places the

crack under a state of compressive stress and arresting the
crack propagation [35]. The results of the present study
showed that the transverse strength decreased in propor-
tion to zirconia concentration. 5ZR additions resulted in a
significant decrease in transverse strength compared to AP.
This reduction in transverse strength may be caused by many
reasons including higher filler percentage which resulted
in more defects that affect the material strength; clustering
of the particles within the resin; and more filler particles
after reaching saturation of matrix leads to interruption in
the resin matrix continuity [36, 37]. In contrast, one study
reported that the transverse strength increased as zirconia
content increased [19]. Results of this study showed that the
transverse strength significantly increased after incorpora-
tion of 2NZR [38]. This increase in the transverse strength
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Figure 1: Acrylic resin specimen loaded on universal testing machine and subjected to fracture load.
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Figure 2: Mean value of transverse strength for all tested groups.

may be due to good distribution of the nanosize particles
which enable them to enter and fill the spaces between poly-
meric chains resulting in increased interfacial shear strength
between the nanoparticles and polymeric chains which
improve the transverse strength [39]. It was also observed that
themaximal transverse strengthwas recordedwith 5NZR [21,
39], and the increase in nano-zirconia percentage increases
the transverse strength, which is in agreement with a previous
study [39] while being in disagreement with other studies
[21, 40]. Clinical implication of the present study is that the
incorporation of nano-zirconia into autopolymerized repair
resin enhances the strength repaired denture base. The study
design could not mimic the clinical conditions; hence this
limitation affected the testing procedures and mechanical
property investigated. Future research to study these mate-
rials should focus on simulation of clinical conditions with
existing prosthesis and implementation of appropriate tests.

6. Conclusion

According to the results and limitations of this in vitro study,
it could be concluded that nano-zirconia may be considered
as a new approach for denture base repair.The repairs resulted
in significantly higher transverse strength as compared to
unreinforced repaired resin.
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M.Hanzade, “Flexural properties of repaired heat-polymerising
acrylic resin after wetting with monomer and acetone,”
Gerodontology, vol. 27, no. 3, pp. 217–223, 2010.

[8] I. Kostoulas, V. T. Kavoura, M. J. Frangou, and G. L. Polyzois,
“Fracture force, deflection, and toughness of acrylic den-
ture repairs involving glass fiber reinforcement,” Journal of
Prosthodontics, vol. 17, no. 4, pp. 257–261, 2008.

[9] E. A. Hanna, F. K. Shah, and A. A. Gebreel, “Effect of joint
surface contours on the transverse and impact strength of
denture base resin repaired by various methods: an in vitro
study,” Journal of American Science, vol. 6, no. 9, pp. 115–125,
2010.

[10] S. Kirti, M. R. Dhakshaini, and A. K. Gujjari, “Evaluation of
transverse bond strength of heat cured acrylic denture base
resin repaired using heat polymerizing, autopolymerizing and
fiber reinforced composite resin—an in vitro study,” Interna-
tional Journal of Clinical Cases and Investigations, vol. 4, no. 2,
pp. 33–43, 2012.

[11] P. K. Vallittu, V. P. Lassila, and R. Lappalainen, “Wetting the
repair surface with methyl methacrylate affects the transverse
strength of repaired heat-polymerized resin,” The Journal of
Prosthetic Dentistry, vol. 72, no. 6, pp. 639–643, 1994.

[12] M. Vojdani, S. Rezaei, and L. Zareeian, “Effect of chemical
surface treatments and repair material on transverse strength
of repaired acrylic denture resin,” Indian Journal of Dental
Research, vol. 19, no. 1, pp. 2–5, 2008.

[13] H.Minami, S. Suzuki, Y.Minesaki, H. Kurashige, and T. Tanaka,
“In vitro evaluation of the influence of repairing condition of
denture base resin on the bonding of autopolymerizing resins,”
Journal of Prosthetic Dentistry, vol. 91, no. 2, pp. 164–170, 2004.

[14] H. D. Stipho, “Repair of acrylic resin denture base reinforced
with glass fiber,”The Journal of Prosthetic Dentistry, vol. 80, no.
5, pp. 546–550, 1998.

[15] E. Nagai, K. Otani, Y. Satoh, and S. Suzuki, “Repair of denture
base resin usingwovenmetal and glass fiber: effect ofmethylene
chloride pretreatment,” The Journal of Prosthetic Dentistry, vol.
85, no. 5, pp. 496–500, 2001.

[16] G. Uzun, N. Hersek, and T. Tinçer, “Effect of five woven fiber
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This prospective 3-year follow-up clinical study evaluated the survival and success rates of 3DP/AM titanium dental implants to
support single implant-supported restorations. After 3 years of loading, clinical, radiographic, and prosthetic parameters were
assessed; the implant survival and the implant-crown success were evaluated. Eighty-two patients (44 males, 38 females; age range
26–67 years) were enrolled in the present study. A total of 110 3DP/AM titanium dental implants (65 maxilla, 45 mandible) were
installed: 75 in healed alveolar ridges and 35 in postextraction sockets.The prosthetic restorations included 110 single crowns (SCs).
After 3 years of loading, six implants failed, for an overall implant survival rate of 94.5%; among the 104 surviving implant-supported
restorations, 6 showed complications andwere therefore considered unsuccessful, for an implant-crown success of 94.3%.Themean
distance between the implant shoulder and the first visible bone-implant contact was 0.75mm (±0.32) and 0.89 (±0.45) after 1 and 3
years of loading, respectively. 3DP/AM titanium dental implants seem to represent a successful clinical option for the rehabilitation
of single-tooth gaps in both jaws, at least until 3-year period. Further, long-term clinical studies are needed to confirm the present
results.

1. Introduction

Dental implants available for clinical uses are conventionally
produced from rods of commercially pure titanium (cpTi)
or its alloy Ti-6Al-4V (90% titanium, 6% aluminium, and
4% vanadium). Manufacturing processes involve machining,
at a later stage, postprocessing with application of surface
treatments, with the aim of enhancing healing processes, and
osseointegration around dental implants [1, 2].

Over the last years, several surface treatments have been
proposed, such as sandblasting, grit-blasting, acid-etching,
and anodization; deposition of hydroxyapatite, calcium-pho-
sphate crystals, or coatings with other biological molecules

are all examples of attempts to obtain better implant surfaces
[2–4]. In fact, several in vitro studies have identified that
rough implant surfaces can positively influence cell behaviour
and therefore bone apposition, when compared to smooth
surfaces [3, 5]. Rough surfaces show superior molecules ads-
orption from biological fluids, improving early cellular
responses, including extracellular matrix deposition, cyto-
skeletal organization, and tissues maturation. This implant
surface topography can finally lead to a better and faster
bone response around rough surfaced dental implants [3, 5].
Histological studies clearly show that rough surfaces, when
compared to smooth ones, can stimulate a faster and effective
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osseointegration [6–8].These features were ratified by several
clinical studies, proving excellent long-term survival/success
rates for implants with modified rough surfaces [9, 10].

Traditional manufacturing and postprocessing methods,
however, provide us with fixtures characterized by a high-
density titanium core with different micro- or nanorough
surfaces [2–4]. Using these methods, it is not possible to
fabricate implants with structure possessing a gradient of
porosity perpendicular to the long axis and therefore with a
highly porous surface and a highly dense core [11, 12].

However, structures with controlled variable porosity can
balance the mismatch between different elastic modulus of
bone tissues and titanium implants, thus reducing stresses
under functional loading and promoting long-term fixation
stability and clinical success [11, 12]. Conventionally, cpTi
implants present a higher rigidity than surrounding bone
because of Young’s modulus (elastic modulus) of the material
and the geometry of the structure [12]. Elastic modulus of
cpTi (112GPa) and titanium alloy Ti-6Al-4V (115GPa) are
both higher than those of cortical bone (10–26GPa) [12].
In addition, osseointegration of the dental implant can be
biologically improved by a porous structure with an open
interconnected pore system; this system can promote bone
ingrowth into the metal framework, giving a strong mechan-
ical interlocking between the fixture and the bone [12, 13].

Because of these considerations, there is a demand for
new fabrication methods, with the aim of obtaining porous
titanium framework, with controlled porosity, pore size, and
localization [13, 14].

Porous titanium implants have been introduced in ortho-
paedics and dental practice since the end of the 1960s with
interesting results [15, 16]; however, these were generally
obtained using sprays techniques and coating on implant
surfaces [16]. However, fatigue resistance of coated implants
fabricated with this method may be reduced up to 1/3
when compared with standard uncoated implants [17]. More
recently, different fabrication methods to obtain porous
titanium frameworks have been proposed including cosin-
tering precursor particles, powder plasma spraying over a
high-density core, titanium fibers sintering, and solid-state
foaming by expansion of argon-filled pores [17–19]. However,
none of thesemethods can realize titanium scaffolds allowing
complete control on the external shape geometry as well as
interconnected pore system [12].

In the last few decades, 3D printing/additive manufac-
turing (3DP/AM) technologies have become more and more
important in the world of industry: these allow realizing
physical objects starting from virtual 3D data project, without
intermediate production steps, saving time and money [12,
20, 21]. With 3DP/AM, porous titanium implants for medical
applications can be fabricated. In fact, a high power focused
laser beam fusesmetal particles arranged in a powder bed and
generates the implant layer-by-layer, with no postprocessing
steps required [20, 21].

The physical and chemical properties of 3DP/AM tita-
nium have been extensively studied [11, 12, 21]. At a later
stage, different in vitro studies have investigated the cell
response to the surface of 3DP/AM implants, examining
the formation of human fibrin clot [22] and the behaviour

of human mesenchymal stem cells and human osteoblasts
[22, 23]. Several animal [24, 25] and human [26–28] histo-
logic/histomorphometric studies have documented the bone
response after the placement of 3DP/AM titanium implants.
However, only a few clinical studies have investigated the
performance of 3DP/AM titanium dental implants: these are
based on a limited number of patients with a short follow-up
[29–32].

Hence, the aim of the present prospective clinical study
with 3 years of follow-up was to evaluate the survival and
success rates of single 3DP/AM titanium dental implants
placed in both jaws.

2. Materials and Methods

2.1. Inclusion and Exclusion Criteria. The present investiga-
tion was designed as a prospective multicenter clinical study.
Between January 2010 and January 2012, all patients with
a single-tooth gap or in need of replacement of a failing,
nonrecoverable single tooth, who were referred to 4 different
private practices for treatment with dental implants, were
considered for enrollment in the present study. Inclusion
criteria were good oral health and sufficient bone availability
to receive a fixture of at least 3.3mm in diameter and 8.0mm
in length. Exclusion criteria were poor oral hygiene, non-
treated periodontal disease, smoking, and bruxism.The study
protocol was exposed to each subject before enrollment:
everybody accepted it and signed an informed consent form.
The work was performed in accordance with the principles
outlined in the Declaration of Helsinki on experimentation
involving human subjects, as revised in 2008.

2.2. Additive Manufacturing Implants and Characterization.
The implants used in this study (Tixos�, Leader Implants,
Milan, Italy) were fabricated with an additive manufacturing
(AM) technology, starting from powders of titanium alloy
(Ti-6Al-4V) with a particle size of 25–45 𝜇m. The implants
were fabricated layer-by-layer by anYb (ytterbium) fiber laser
system (EosyntM270�, EOS GmbH, Munich, Germany),
operating in an argon controlled atmosphere, using a wave-
length of 1,054 nm with a continuous power of 200W at
a scanning rate of 7m/s and with the capacity to build a
volume of 250 × 250 × 215mm. Laser spot size was 0.1mm.
Postproduction steps consisted of sonication for 5min in
distilled water at 25∘C, immersion in NaOH (20 g/L) and
hydrogen peroxide (20 g/L) at 80∘C for 30min, and then
further sonication for 5min in distilled water. The implants
were then acid-etched in a mixture of 50% oxalic acid and
50%maleic acid, at 80∘C for 45min, andwashed for 5min in a
sonic bath of distilled water.These procedures were needed to
remove any residual nonadherent titanium particle. The AM
implants featured a porous surface with 𝑅

𝑎
value of 66.8 𝜇m,

𝑅
𝑞
value of 77.55 𝜇m, and 𝑅

𝑧
value of 358.3 𝜇m, respectively.

The implant surface microstructure consisted of roughly
spherical particles ranging between 5 and 50 𝜇m. After expo-
sure to hydrofluoric acid some of these were removed and the
microsphere diameter then ranged from 5.1𝜇m to 26.8 𝜇m.
Particles were replaced by grooves with 14.6 to 152.5 𝜇m in
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Figure 1: Scanning electron microscopy (SEM) of the 3DP/AM
porous implant surface.

width and 21.4 to 102.4 𝜇m in depth after an organic acid
treatment. The metal core consisted of prior beta grains.
The titanium alloy was composed of titanium (90.08%), alu-
minium (5.67%), and vanadium (4.25%) (Figure 1). Young’s
modulus of the inner core material was 104 ± 7.7GPa, while
that of the outer porous material was 77 ± 3.5GPa. The
fracture face showed a dimpled appearance typical of ductile
fracture [12].

2.3. Preoperative Evaluation. An accurate preoperative eval-
uation of the oral hard and soft tissue was performed in
each patient. Preoperative procedures included the clini-
cal and radiographic examination of the single-tooth gaps.
Panoramic and periapical radiographs were taken as primary
investigation. In some cases, cone-beam computed tomog-
raphy (CBCT) was required. CBCT data were processed by
dedicated DICOM (Digital Imaging and Communications in
Medicine) viewer softwares in order to realize a 3D recon-
struction of maxillary bones. With these types of software, it
is possible to navigate between maxillary structures and to
correctly assess bone features for each implant site, such as
thickness, density of the cortical plates and of the cancellous
bone, and ridge angulations. Finally, impressions were taken
and stone casts were made for the diagnostic wax-up.

2.4. Implant Placement. Local anaesthesia was obtained,
infiltrating 4% articaine with 1 : 100.000 adrenaline. In
patients with a missing single tooth, a crestal incision and
two releasing incisions, onmesial and distal sides, were made
at surgical site. Full-thickness flaps were elevated depicting
alveolar ridge. The preparation of fixture sites was realized
with spiral drills of increasing diameter, under constant
irrigation with sterile saline. Cover screws were screwed on
the implants; then flaps were repositioned using interrupted
sutures. In patients with a failing, nonrecoverable single
tooth, a flapless approach was followed. A gentle extraction
was performed, avoiding any damage of the socket bone
walls, using a periotome.Then, the preparation of the surgical
site was based on the receiving site’s bone quality. The
preparation was deepened 3-4mm apically to the end of the
postextraction socket in order to better engage the implant.
The implant was placed in position with its cover screw; then

particulate bone grafts were placed to fill the space between
the implant and the socket walls. Finally, platelet rich in
growth factors (PRGF)was prepared, positioned, and sutured
to cover the socket in order to protect the surgical site and to
accelerate soft tissue healing.

2.5. Postoperative Treatment. Pharmacological postsurgery
procedures consisted of oral antibiotics 2 g each day for 6
days (Augmentin�, GlaxoSmithKline Beecham, Brentford,
UK). Any postoperative pain was managed by administering
100mg nimesulide (Aulin�, Roche Pharmaceutical, Basel,
Switzerland) every 12 h for 2 days. In addition, patients were
educated about oral hygiene maintenance with mouth rinses
with 0.12% chlorhexidine (Chlorexidine�, OralB, Boston,
MA, USA) administered for 7 days. Sutures were removed at
8–10 days after surgery.

2.6. Healing Period. Implants were placed with a two-stage
technique, waiting a healing period of at least 2-3 months
in the mandible and 3-4 months in the maxilla. During
the second-stage surgery, underlying fixtures were exposed
with a small crestal incision and healing transmucosal abut-
ments were screwed replacing the cover screws. Flaps were
stabilized around healing abutment by suturing. Two weeks
later, the final impressions were taken, and therefore the
final abutments and the provisional crowns were delivered
to patients. Provisional crowns, made in acrylic resin, had
the task of evaluating the stability of implants under a
progressive functional load and influencing thematuration of
soft tissues around fixtures before the implementation of final
restorations.The provisional crowns were left in situ for three
months; then the final metal-ceramic crowns were delivered
and cemented with zinc phosphate cement or zinc-eugenol
oxide cement.

2.7. Clinical, Prosthetic, and Radiographic Evaluation. All
patients were enrolled in a follow-up recall program, with
sessions of professional oral hygiene every 6 months. During
these sessions, every year, the implant-supported restorations
were carefully checked. Static and dynamic occlusion was
controlled, and periapical radiographs were taken using a
Rinn alignment system (Rinn�, Dentsply, Elgin, IL, USA).
Customized positionerswere also used for correct reposition-
ing and stabilization of radiographic template.

At the end of the study, after three years of functional
loading, the following clinical, prosthetic, and radiographic
parameters were evaluated for each implant.

Clinical Parameters

(i) Presence/absence of pain, sensitivity.
(ii) Presence/absence of suppuration, exudation.
(iii) Presence/absence of implant mobility.

Prosthetic Parameters

(i) Presence/absence of mechanical complications (i.e.,
complications of prefabricated implant components,
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such as abutment screw loosening, abutment screw
fracture, abutment fracture, and implant fracture).

(ii) Presence/absence of technical complications (i.e.,
complications related to superstructures, such as loss
of retention and ceramic/veneer fracture).

Radiographic Parameters

(i) Presence/absence of continuous peri-implant radi-
olucency.

(ii) Distance between the implant shoulder and the first
visible bone-implant contact (DIB).

This last value,measuredwith the aimof an ocular grid (4.5x),
represented the quantification of crestal bone reabsorption
after 3 years of functional loading, and it was measured
on mesial and distal side of implant. To compensate for
radiographic distortion, the actual (known) fixture length
was compared to the radiographic length, using a proportion.

2.8. Implant Survival and Implant-Crown Success Criteria. An
implant was categorized as survival if it was still in function
after three years of functional loading. On the contrary,
implant losses were all categorized as failures. Implant mobil-
ity in the absence of clinical signs of infection, persistent
and/or recurrent infections (with pain, suppuration, and
bone loss), progressivemarginal bone loss caused bymechan-
ical overload, and implant body fracture were conditions for
which implant removal could be indicated. Implant failures
were divided into “early” (before the abutment connection)
or “late” (after the abutment connection) failures.

An implant-supported restoration was considered suc-
cessful when the following clinical, prosthetic, and radio-
graphic success criteria were fulfilled:

(i) Absence of pain, sensitivity.
(ii) Absence of suppuration, exudation.
(iii) Absence of clinically detectable implant mobility.
(iv) Absence of continuous peri-implant radiolucency.
(v) DIB < 1.5mm after the first year of functional loading

(and not exceeding 0.2mm in each subsequent year).
(vi) Absence of prosthetic (mechanical or technical) com-

plications.

3. Results

Eighty-two patients (44 males, 38 females; age range 26–
67 years), who were recruited in 4 different clinical centers,
fulfilled the inclusion criteria and did not present any of
the conditions enlisted in the exclusion criteria: therefore,
they were enrolled in the present study. In total, 110 implants
(65 maxilla, 45 mandible) were installed: 75 in healed ridges
and 35 in postextraction sockets. The prosthetic restorations
included 110 single crowns (SCs): 32 of these were in the
anterior areas (incisors, cuspids, and first premolars), while
78 were in the posterior areas (second premolars, molars).
Lengths and diameters of used implants were summarized in
Table 1.

Table 1: Implant distribution by length and diameter.

8.0mm 10.0mm 11.5mm 13.0mm
3.3mm — 5 5 5 15
3.75mm 2 40 23 3 68
4.5mm 4 10 13 — 27

6 55 41 8 110

At the end of the study, after 3 years of functional loading,
six implants failed (four during the healing period and before
the abutment connection, because of implant mobility in
the absence of clinical signs of infection, two after the abut-
ment connection, one for persistent/recurrent peri-implant
infection, and another one for implant body fracture) for an
overall implant survival rate of 94.5% (Figures 2–5). Four
implants failed in healed ridges, whereas two implants failed
in extraction sockets. In the maxilla, four implants failed (3
implants showed mobility and lack of osseointegration in
absence of infection, in the posterior maxilla, and had to be
removed; an implant body fracture occurred in the anterior
maxilla) for a survival rate of 93.8%; in the mandible, two
implants failed (one for lack of osseointegration and another
one for persistent/recurrent infection, both in the posterior
mandible) and were removed, for a survival rate of 95.6%.

With regard to the implant-crown success, no implants
showed pain or sensitivity, suppuration or exudation, or con-
tinuous peri-implant radiolucency. However, two implants
showed a DIB > 1.5mm during the first year of functional
loading and were therefore considered not successful; in
addition, three prosthetic abutments became loose, in the
posterior areas of the mandible. These abutments were rein-
serted and screwed again; however, these were considered
prosthetic complications. Another prosthetic complication
registered was a ceramic chipping in amaxillarymolar. At the
end of the study, among the 104 surviving implant-supported
restorations, 6 showed complications and were therefore
considered unsuccessful, for a 3-year implant-crown success
of 94.3%. Finally, the mean DIB was 0.75mm (±0.32) and
0.89 (±0.45) after 1 year and 3 years of functional loading,
respectively.

4. Discussion

A porous structure has many biological advantages. In fact,
it facilitates the diffusion of biological fluids and nutrients
for the maturation of the tissues and the removal of waste
products ofmetabolism;moreover, it allows cell ingrowth and
reorganization as well as neovascularization from surround-
ing tissues. A scaffold with well-defined porosity characteris-
tics (pores size, geometry, distribution, and interconnectivity)
can therefore enhance bone ingrowth [12, 13, 20, 33]. In
this context the size of the interconnections between pores,
according to several researchers, seems to be one of the most
important parameters influencing the bone growth in its
structure [20].

According to some researchers, pore size between 200
and 400 𝜇m seems to be the ideal measure to positively
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(a) (b)

(c) (d)

Figure 2: Placement of a single 3DP/AM titanium dental implant in a postextraction socket of the posterior maxilla: surgical phases. (a)
Preparation of the implant site. (b) Placement of the 3DP/AM porous implant in the postextraction socket. (c) The implant in position. (d)
Preparation of the biological membrane-platelet rich in growth factors (PRGF).

(a) (b)

(c) (d)

Figure 3: Placement of a single 3DP/AM titanium dental implant in a postextraction socket of the posterior maxilla: surgical phases. (a)The
biological membrane is ready to be sutured for protecting the socket. (b) Socket preservation with particulate bone grafts. (c) The socket is
completely filled with particulate bone grafts before the sutures. (d) Sutures.
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(a) (b)

(c) (d)

Figure 4: A single 3DP/AM titanium dental implant in a postextraction socket of the posterior maxilla: healing phases. (a) Ten days after
surgery, sutures are removed. (b) Periapical rx 10 days after implant placement. (c)Three months later, a provisional restoration is placed. (d)
Periapical rx at placement of the provisional restoration.

(a) (b)

Figure 5: A single 3DP/AM titanium dental implant in a postextraction socket of the posterior maxilla: 3-year follow-up control. (a) Clinical
picture after 3 years of functional loading. (b) Periapical rx after 3 years of functional loading.

influence the behaviour of bone cells [20, 33], whereas
Sachlos and Czernuszka [34] have achieved excellent results
using a scaffold with 500𝜇m pores size. Xue et al. [35, 36]
have recently assessed the in vitro reaction of bone cells
in presence of a porous titanium AM scaffold. The authors
have highlighted how osteoblasts spread on the surface,
migrate into the cavities of these porous scaffolds (pore sizes
of 200𝜇m or higher are recommended), and produce new
bone matrix [35, 36]. The in vivo physiological response to
these porous scaffolds includes the formation of new tissue
that infiltrates the network, with capillaries, perivascular
tissues, and progenitor cells migrating into the pore system
and supporting the healing processes [35, 36]. Because of
the considerable amount of data in the current literature,

there is still no agreement on the optimal size of the pores
for endosseous implants; however, pore sizes between 100
and 400𝜇m seem to be able to support the formation of
mineralized bone inside porous scaffolds [37, 38].

Although the benefits of an open-pore structure with
controlled porosity at the implant surface have been eluci-
dated [38], it was very difficult to realize implants with these
characteristics using standard production methods.

3DP/AM techniques have been recently proposed in
order to overcome these obstacles and to fabricate endosseous
implants (including dental implants) with controlled and
functionally graded porosity [11–13]. 3DP/AM is able to
control the porosity of each layer and consequently the
porous structure of the whole implant by simply modifying
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some processing parameters (such as power and diameter
of the focused laser beam, layer thickness and distance
between them, the size of the original titanium powders, and
processing atmosphere) [11, 12]. With this method, it is also
possible to control the size, distribution, and interconnectiv-
ity of pores [13], giving a controlled, open-pore network. In
addition, 3DP/AMallows implantswith a gradient of porosity
along the main axis to be fabricated [12]. Finally, 3DP/AM
implants do not require postfabrication process: they do not
require decontamination, since they are not machined and
therefore no oils or contaminants are employed. Moreover,
they do not need surface treatments, and this may further
reduce the costs.

One of early steps of osseointegration process involves
migration of osteoprogenitor cells into fibrin network estab-
lished on the implant surface [12, 13, 20]. A recent in
vitro study [22] reported that human fibrin can quickly
realize, around porous AM titanium surface, a stable three-
dimensional network. Moreover, AM porous titanium sur-
faces are able to recruit osteoprogenitor cells that, when
differentiated into osteoblasts, producewoven bone under the
influence of bonemorphogenetic proteins, vascular endothe-
lial growth factor, and other specific bone proteins [22, 23].
Research has partially clarified some of the mechanisms
that regulate cell functions and differentiation. Cells interact
with their substrates through specific adhesion membrane
proteins, called integrins, which are responsible for the for-
mation of focal adhesion plaque [38–40].Moreover, integrins
are linked to specific cytoskeleton adaptor proteins through
their cytoplasmic domain. The formation of focal adhesion
plaques and subsequent cell adhesion generate mechanical
forces that are converted into biochemical signals within cells
by integrins and other mechanoreceptors [38–40]. Thus, the
geometry of substrates can affect a wide spectrum of cellular
responses [38–40]. Geometric properties of implant surface
are then able to induce modification in cell shape, inducing
changes on genes expression [39].

The surface generated with 3DP/AM technology, char-
acterized by pores, cavities, and interconnections, could
represent a powerful stimulus for osteogenic phenotype
expression, as demonstrated in different in vitro studies
[21, 22]. Cells in contact with AM surfaces are forced to
take specific three-dimensional shape according to scaffold
pores and cavities, generatingmechanical stresses that induce
osteogenic phenotype expression [22, 23].

All these findings have been confirmed in a series of
histologic and histomorphometric studies, in animals [24, 25]
and humans [26–28]. However, until now, only a few clinical
studies have dealt with 3DP/AM titanium implants [29–32].

In a first multicenter clinical study evaluating the sur-
vival and success of 201 3DP/AM porous titanium implants
supporting fixed restorations (single crowns, fixed partial
prostheses, and fixed full arches), 201 implants were inserted
in 62 subjects [29]. Most of the implants (122) were placed in
the posterior areas of jaws. After 1 year of loading, an overall
implant survival rate of 99.5% was reported, with only one
failed and removed fixture [29]. In this first study, among the
surviving fixtures implants (200), only 5 could not satisfy the
success criteria, for an implant-crown success of 97.5% [29];

moreover, a mean distance between the implant shoulder
and the first bone-to-implant contact of 0.4mm (±0.2) was
reported [29].

Another clinical study aimed at evaluating survival, com-
plications, and peri-implant marginal bone loss of 3DP/AM
porous titanium implants used to support bar-retained max-
illary overdentures [30]. Over a 2-year period, 120 fixtures
were installed in the maxilla of 30 subjects to support bar-
retained overdentures. Each denture was supported by 4
splinted implants, by means of a rigid cobalt chrome bar.
The patient-based implant survival and incidence of biologic
and prosthetic complications were registered. At the 3-year
follow-up examination, three implants failed and had to be
removed, for an overall survival rate of 92.9% [30]. The bio-
logic complications amounted to 7.1%, whereas the prosthetic
complications were more frequent (17.8%) [30]. At the 3-year
examination, the peri-implant marginal bone loss amounted
to 0.62mm (±0.28); therefore the authors concluded that
the use of 4 3DP/AM titanium implants to support bar-
retained maxillary overdentures can be considered a safe and
successful treatment procedure [30].

Finally, in a recent previous clinical study, 231 one-piece
3DP/AM porous titanium mini-implants (2.7 and 3.2mm
diameter) were inserted in 62 patients to support imme-
diately loaded mandibular overdentures [31]. In this study,
six fixtures failed after a period of 4 years of functional
loading, giving an overall cumulative survival rate of 96.9%
[31].The biologic complications amounted to 6.0%, while the
prosthetic complications weremore frequent (12.9%). Finally,
a mean DIB of 0.38mm (±0.25) and 0.62mm (±0.20) was
reported at the 1-year and 4-year follow-up examinations,
respectively [31].

These results seem to be in accordance with those of our
present 3-year follow-up prospective clinical study, in which
the clinical behaviour of 110 single implants produced with
3DP/AM technology and placed in both jaws was evaluated.
A satisfactory survival rate was observed (94.5%), with only
six failed and removed implants. Among the 104 implants
still in function at the end of the follow-up period, 98 were
categorized as successful, giving an implant-crown success
rate of 94.3%. Only six implants could not attain implant-
crown success criteria: two fixtures displayed a DIB > 1.5mm
after 1 year of functional loading, three implants presented
loosening of prosthetic abutment during follow-up period,
and another implant-supported restoration had a ceramic
chipping. Furthermore, radiographic evaluation showed an
excellent bone stability around single 3DP/AM implants.The
mean distances between the implant shoulder and the first
visible bone-to-implant contact (DIB) were 0.75mm (±0.32)
and 0.89 (±0.45) after 1 year and 3 years of functional loading,
respectively.

5. Conclusions

In this 3-year follow-up prospective clinical study, single
3DP/AM implants have shown 94.5% of survival rate and
94.3% of implant-crown success rate. Considering these
results, dental implants produced with 3DP/AM technolo-
gies seem to represent a successful clinical option for the
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rehabilitation of single-tooth gaps in both jaws, at least after
a 3-year follow-up. However, the present study has clear
limits (such as limited number of patients treated and fixtures
installed and short follow-up period); therefore further long-
term clinical studies will be necessary to evaluate the long-
term performance as well as the mechanical resistance of
single 3DP/AM implants placed in both jaws. In addition,
real potential of 3DP/AM implants in restoring partially or
completely edentulous arches still needs to be elucidated.
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Purpose. The aim of the present prospective study was to investigate correlations between 3D facial soft tissue scan and lateral
cephalometric radiography measurements. Materials and Methods. The study sample comprised 312 subjects of Caucasian ethnic
origin. Exclusion criteria were all the craniofacial anomalies, noticeable asymmetries, and previous or current orthodontic
treatment. A cephalometric analysis was developed employing 11 soft tissue landmarks and 14 sagittal and 14 vertical angular
measurements corresponding to skeletal cephalometric variables. Cephalometric analyses on lateral cephalometric radiographies
were performed for all subjects. The measurements were analysed in terms of their reliability and gender-age specific differences.
Then, the soft tissue values were analysed for any correlations with lateral cephalometric radiography variables using Pearson
correlation coefficient analysis. Results. Low, medium, and high correlations were found for sagittal and vertical measurements.
Sagittal measurements seemed to be more reliable in providing a soft tissue diagnosis than vertical measurements. Conclusions.
Sagittal parameters seemed to be more reliable in providing a soft tissue diagnosis similar to lateral cephalometric radiography.
Vertical soft tissue measurements meanwhile showed a little less correlation with the corresponding cephalometric values perhaps
due to the low reproducibility of cranial base and mandibular landmarks.

1. Introduction

Skeletal and dental components are of great importance in
craniofacial diagnosis and orthodontic treatment planning
[1]. Hard tissue is routinely evaluated by means of lateral
cephalometric radiography collected by clinicians prior to
orthodontic therapy. Besides skeletal evaluation, facial soft
tissue analysis is assuming a relevant role in orthodontic diag-
nosis and treatment planning, since clinicians need to care-
fully assess the effects of dental and skeletal changes on the
soft tissue profile when managing orthodontic treatment in
order to estimate facial changes along with occlusal improve-
ments [2]. Therefore, soft tissue analysis might represent
an important source of treatment outcome evaluation and
additional information for diagnosis.

Although cephalometric analysis of lateral radiography
is spreading among orthodontists, its role in diagnosis and
treatment planning is still debated [3]. Moreover, the funda-
mental principles of justification, optimization, and dose limi-
tation should always be considered when radiographic exam-
inations are performed at the beginning of the orthodontic
treatment.

Thegrowing interest in noninvasive diagnosis has allowed
the development of new imaging tools which could enhance
the role of soft tissue in diagnosis. Nevertheless, the diffi-
culty of performing facial examinations reliably is probably
responsible for the secondary role of soft tissue analysis in
supporting diagnosis compared with skeletal analysis [4, 5].

Several analyses have been proposed for the evaluation of
facial soft tissue. Most of them include photographic images
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Figure 1: 2D tracings and cephalometric analysis performed with lateral cephalometric radiography. (a) Sagittal measurements and (b)
vertical measurements.

in lateral position [6–9]. Some authors [4, 5] have also pro-
posed soft tissue evaluation with frontal pictures and under-
lined the importance of reproducible head position during
image acquisition.

Among the recently introduced noninvasive imaging
techniques, stereophotogrammetry and laser scanning allow
accurate acquisition of three-dimensional (3D) facial soft tis-
sue with the possibility of locating landmarks and measuring
angles, distances, surfaces, and volumes [10–13]. Even though
normative values of 3D facial soft tissue are not available for
the general population, some proposals have been made for
specific sagittal and verticalmeasurements [14, 15] but further
studies are needed to improve their reliability.

The difficulties related to the use of the appropriate
equipment and software and the absence of reliable normative
values for 3D facial soft tissue measurements might prevent
their adoption by clinicians, who are still using lateral
cephalometric radiography to perform their diagnosis.

The relationships between facial soft tissue and underly-
ing hard tissue should be considered and investigated for any
correspondences that might improve noninvasive orthodon-
tic diagnosis and thus reduce patients’ exposure to ionizing
radiation.

The soft tissue profile may reflect the underlying skeletal
and hard tissue, and it would be possible to estimate the
skeletal configuration by visual inspection of the soft tissue
profile alone, as suggested by previous studies [16]. Validation
of the anatomy of facial soft tissue is fundamental for an
objective analysis of craniofacial morphologies.

The aim of the present study was therefore to investi-
gate correlations between facial soft tissue scans and lateral
cephalometric radiography measurements.

2. Materials and Methods

2.1. Patient Selection. Signed informed consent to the release
of diagnostic records for scientific purposes was obtained
from patients prior to enrolment in the present prospective
study.The protocol was reviewed and approved by the Ethical
Committee (Approval number 6154) and procedures fol-
lowed adhered to the Declaration of Helsinki. The final study
sample comprised 312 subjects: 155 males (mean age of 24.3)
and 157 females (mean age of 25.8). Inclusion criteria were
Caucasian ethnic origin, age between 20 and 30 years to avoid
errors arising from soft tissue laxity which might increase
with age, and normal body mass index (BMI) [17]. Subjects
were selected from those patients seeking orthodontic treat-
ment for whoma diagnostic lateral cephalometric radiograph
had been recorded within the previous six months. Exclusion
criteria were craniofacial syndromes or anomalies, noticeable
asymmetries, and previous or current orthodontic treatment
that might affect the homogeneity of the sample.

Lateral cephalometric radiographs were then collected
for all subjects and cephalometric measurements were per-
formed with Deltadent software (Outside Format, Milan,
Italy) (Figure 1).

A facial scanner (Primesense Carmine 1.09, Subsidiary
of Apple Inc., Israel, 2005) was employed for acquisition of
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Figure 2: Facial soft tissue scan. Frontal, prospective, and right
lateral 3D views of facial soft tissue scan of female patient.

the facial soft tissue of the subjects. The subject-to-scanner
distance was set at 80 cm and scan time was 30 s on average.
The scanner depth sensor data were 640 × 480 pixels. Data
were recorded on a desktop workstation with a 2.6GHz i7
Intel processor (Dell, Wicklow, Ireland).

Light conditions were set in order for reliable data
capture. The subjects were seated with the lips relaxed and
with the head in natural head position (NHP) (self-balance
“mirror” position) as described by previous authors [18–20].
If a subjectmoved between scans, the procedure was repeated
and the data of the first scan were eliminated from the study.

The data were acquired by dedicated Skanect software
(developed by the ManCTL Company, 2011, Madrid) (Fig-
ure 2). Mimics software (version 10.11, Materialise Medical
Co., Leuven, Belgium) was used to import the surface model
and to perform 3D cephalometric analysis.

All the lateral cephalometric radiographs underwent
reposition of the head on the basis of the orientation of the
soft tissue scan position by superimposition on the right
lateral view of the 3D facial scan using Deltadent software.

A set of reproducible landmarks was developed to com-
pute the soft tissue cephalometric analysis (Figure 3). Four-
teen sagittal (Figures 4, 5, and 6) and 14 vertical (Figures 7, 8,
and 9) angular measurements were selected and performed
for good anatomical correspondence between hard tissue and
soft tissue structures and reference landmarks.The average of
the angles was computed for symmetric structures.

Then, every skeletal measurement was coupled and
assigned to one or more soft tissue measurement (Table 1) for
the correlation analysis.

2.2. Statistical Analysis. A pilot study was executed on 20
patients (12 males and 8 females) for the power analysis.

One sagittal and three vertical measurements were
employed as main outcome for the power analysis as follows:
SsNSl, TrOr∧GoGn, TrN∧GoGn, and ObsN∧GoGn.
No differences in gender were included in the power analysis.

According to the power analysis, 300 subjects were
required in order to obtain power of 0.80 for the present study.

SPSS software, version 22.0 (SPSS� Inc., Chicago, Illinois,
USA), was used to run statistical analyses. The Shapiro-Wilk
test revealed a normal distribution of tested variables. The
mean and standard deviation (SD) of each of the variables
were then calculated. Independent 𝑡-test was used to compare

Figure 3: Set of reproducible landmarks employed to perform sagit-
tal and vertical soft tissue 3Dmeasurements: N Nasion; Obs Otoba-
sion; Tr Tragus; Or Orbitale; Sp Spinal; Ss Subspinal; Go Gonion;
Sl Sublabial; Pg Pogonion; Me Menton; Gn Gnation.

Figure 4: Sagittal angular measurements for 3D facial soft tissue. R:
right. Maxillary sagittal measurements.

themeandifferences between females andmales and𝑃 < 0.05
was set as the level of significance. All the variables were
then further analysed for any correlationswith corresponding
lateral cephalometric radiography measurements with the
Pearson correlation coefficient (𝑟) with the level of signifi-
cance set at 𝑃 < 0.05.

2.3. Method Error. All the measurements were performed
by the same trained operator. Thirty of the 3D facial scans
were repeated two weeks after the first recording and mea-
surements were performed.TheDahlberg coefficient [21] was
used to test the reproducibility of all the soft tissue landmarks



4 International Journal of Dentistry

Figure 5: Sagittal angular measurements for 3D facial soft tissue. R:
right. Mandibular sagittal measurements.

Figure 6: Sagittal angular measurements for 3D facial soft tissue. R:
right. Maxillomandibular sagittal measurements.

Figure 7: Vertical angular measurements for 3D facial soft tissue. R:
right. Part 1.

Figure 8: Vertical angular measurements for 3D facial soft tissue. R:
right. Part 2.

Figure 9: Vertical angular measurements for 3D facial soft tissue. R:
right. Part 3.

employed. All the parameters displayed a method error < 1∘,
which is considered clinically irrelevant.

3. Results

Mean and standard deviations were calculated for each lateral
cephalometric radiograph and soft tissue measurement.

The tested variables such as mean and SD did not show
significant differences in terms of gender-specific differences
(Table 2), and the following statistical analyses were per-
formed for the total sample.

Medium, low, and high correlations were found for
sagittal parameters and vertical parameters in assessment
of correlation with the corresponding lateral cephalometric
radiographymeasurements previously assigned (Tables 3 and
4).

ANB, ANPg, and FH∧AB were the only sagittal variables
which showed high correlation coefficients compared with
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Table 1: 2D and 3D cephalometric analyses. Cephalometric sagittal
and vertical analyses and corresponding 3D soft tissue measure-
ments.

Cephalometrics 3D soft tissue
Sagittal

SNA TrNSs
ObsNSs

SNans TrNSp
ObsNSp

FH∧NA TrOr∧NSs

SNB TrNSl
ObsNSl

SNPg TrNPg

ObsNPg

FH∧NB TrOr∧NSl
FH∧NPg TrOr∧NPg

ANB SsNSl
ANPg SsNPg

FH∧AB TrOr∧SsSl
Vertical

SN∧FH TrN∧TrOr

ObsN∧TrOr

FMA TrOr∧GoGn

SN∧GoGn TrN∧GoGn

ObsN∧GoGn

Gonial s ArGoN ObsGoN

Gonial i NGoMe NGoMe

Articulare SArGo NObsGo

NPg-GoMe NPg∧GoMe

SN∧ArGo TrN∧ObsGo

ObsN∧ObsGo

FH∧ArGo TrOr∧ObsGo

FH∧SPg TrOr∧TrPg

TrOr∧ObsPg

the respective soft tissue variables. Conversely, FH∧NA and
SNans showed low correlation coefficients (Table 3).

No high correlations coefficients were found for the
vertical parameters which showed medium correlation coef-
ficients except for SN∧FH that exhibited low correlation
compared with the respective soft tissue variables (Table 4).

4. Discussion

The purpose of this study was to compare facial soft tissue
analysis, obtained from facial scans, with lateral cephalomet-
ric radiography, in order to highlight possible correspon-
dences between hard tissue and soft tissue diagnoses. The
growing role of noninvasive imaging tools could be of great
importance in orthodontic diagnosis since 3D facial soft
tissue might be employed as the first screening examination
for guiding clinicians through skeletal diagnosis and perfor-
mance of further radiological exams only when needed.

Table 2: Sex differences. Data are shown asmean (in bold) and stan-
dard deviation (SD) (in italic) for the whole sample for females and
for males. 𝑃 values resulting from 𝑡-test to explore gender-specific
differences are shown.

3D soft tissue Mean
female

SD
female

Mean
male

SD
male 𝑃 value

Sagittal
TrNSs 79.75 2.53 81.46 3.41 0.08
ObsNSs 82.03 2.73 84.02 3.74 0.06
TrNSp 82.66 2.59 84.08 3.39 0.12
ObsNSp 84.94 2.43 86.63 3.83 0.08
TrOr∧NSs 86.67 1.82 85.83 2.47 0.17
TrNSl 71.63 3.39 71.74 3.93 0.47
ObsNSl 73.91 3.48 74.30 4.29 0.41
TrNPg 71.16 3.69 71.86 3.79 0.33
ObsNPg 73.44 3.81 74.42 4.21 0.28
TrOr∧NSl 84.24 3.63 83.92 3.53 0.42
TrOr∧NPg 83.71 3.97 84.02 3.38 0.43
SsNSl 8.11 1.99 9.72 2.43 0.06
SsNPg 8.59 2.45 9.60 2.14 0.17
TrOr∧SsSl 70.10 5.77 65.74 7.82 0.06

Vertical
TrN∧TrOr 12.65 2.29 12.43 1.09 0.41
ObsN∧TrOr 10.41 3.06 9.68 1.47 0.28
TrOr∧GoGn 30.52 6.10 28.22 4.12 0.18
TrN∧GoGn 43.17 6.19 40.65 4.02 0.16
ObsN∧GoGn 40.92 6.41 37.91 3.72 0.13
ObsGoN 64.09 6.03 65.40 2.63 0.29
NGoMe 70.19 5.84 70.36 5.51 0.47
NObsGo 84.09 3.94 82.15 4.66 0.14
NPg∧GoMe 65.72 4.63 67.76 6.46 0.18
TrN∧ObsGo 85.56 3.70 84.58 3.79 0.27
ObsN∧ObsGo 84.09 3.94 82.15 4.66 0.14
TrOr∧ObsGo 76.24 5.23 72.47 4.52 0.05
TrOr∧TrPg 38.31 2.85 36.62 1.86 0.08
TrOr∧ObsPg 44.47 3.01 43.99 1.80 0.35

The tested infrared scanner showed good reliability and
reproducibility in facial morphology acquisition. Moreover,
the facial scans proved appropriate for landmark location
and the method error for soft tissue cephalometric analysis
was acceptable. The possibility of evaluating soft tissue com-
ponents in 3D allowed us to relocate the head and did not
present the limitation of bidimensional (2D) photographic
pictures where head position errors can be of great impor-
tance in landmark identification.

The sample was first tested for any gender-specific dif-
ferences. Kochel et al. [14] employed stereophotogrammetry
for the evaluation of facial soft tissue focusing on sagittal
measurements and found significant differences between
males and females with the mean age (25.4 years) similarly
to the sample in the present study. According to the present
results, no significant differences in facial soft tissue sagittal
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Table 3: Sagittalmeasurement correlations. Pearson correlation coefficients (𝑟) are shown for sagittalmeasurements as low (in italic),medium
(lightface), and high (in bold). ∗𝑃 < 0.05.

Cephalometrics 3D soft tissue
𝑟

Variable Mean SD Variable Mean SD

SNA 81.43 3.35 TrNSs 80.08 2.81 0.36∗

ObsNSs 82.41 3.05 0.34

SNans 85.55 3.84 TrNSp 82.94 2.82 0.31∗

ObsNSp 85.27 2.84 0.27
FH∧NA 87.13 1.93 TrOr∧NSs 86.51 1.99 0.16∗

SNB 76.79 3.02 TrNSl 71.66 3.50 0.59∗

ObsNSl 73.99 3.66 0.62∗

SNPg 77.47 3.02 TrNPg 71.30 3.72 0.54∗

ObsNPg 73.63 3.91 0.56∗

FH∧NB 86.46 2.63 TrOr∧NSl 84.17 3.61 0.67∗

FH∧NPg 86.70 2.20 TrOr∧NPg 83.77 3.87 0.66∗

ANB 4.65 2.36 SsNSl 8.42 2.18 0.74∗

ANPg 4.03 2.61 SsNPg 8.79 2.43 0.74∗

FH∧AB 79.92 6.12 TrOr∧SsSl 69.26 6.46 0.81∗

Table 4: Vertical measurement correlations. Pearson correlation coefficients (𝑟) are shown for vertical measurements as low (in italic) and
medium (lightface). ∗𝑃 < 0.05.

Cephalometrics 3D soft tissue
𝑟

Variable Mean SD Variable Mean SD

SN∧FH 10.38 2.76 TrN∧TrOr 12.60 2.11 0.25∗

ObsN∧TrOr 10.26 2.84 0.15∗

FMA 25.00 4.42 TrOr∧GoGn 30.07 5.84 0.59∗

SN∧GoGn 35.38 5.06 TrN∧GoGn 42.68 5.92 0.54∗

ObsN∧GoGn 40.34 6.10 0.53∗

Gonial s ArGoN 53.46 4.06 ObsGoN 64.35 5.56 0.42∗

Gonial i NGoMe 75.66 4.56 NGoMe 70.22 5.78 0.45∗

Articular SArGo 142.06 6.62 NObsGo 83.72 4.16 0.45∗

NPg-GoMe 67.15 4.28 NPg∧GoMe 66.12 5.10 0.61∗

SN∧ArGo 84.69 3.97 TrN∧ObsGo 85.37 3.74 0.33
ObsN∧ObsGo 83.72 4.16 0.43

FH∧ArGo 75.87 5.38 TrOr∧ObsGo 75.51 5.32 0.45

FH∧SPg 57.16 3.13 TrOr∧TrPg 37.98 2.77 0.57
TrOr∧ObsPg 44.38 2.82 0.59

and vertical dimensions were found between the genders,
even though a tendency toward statistical significance (𝑃 <
0.08) was reported for TrNSs and ObsNSs measurements
(Table 2). These measurements indicated maxillary protru-
sion and were reported to be smaller in females. Although
similar samples were tested, the results of the present study
were not in agreement with those of Kochel et al. [14].
Indeed, the methods of facial scanning and the soft tissue
analysis employed should be considered as possible reasons
for the different results in the variability of sagittal dimen-
sions between genders. Moreover, in the present sample,
gender differences seemed to have no influence on vertical
dimensions in agreement with previous investigations [15].

Since no differences were assessed between genders, the
sample was considered as a whole and Pearson correlation
coefficients were computed for each variable in order to check
for any correlations between sagittal and vertical soft tissue
measurements and corresponding skeletal measurements in
lateral cephalometric radiography. Little previous evidence
has been presented for correspondences between soft tissue
and skeletalmeasurements with 3D and 2D image acquisition
tools [22, 23] but they showed high correlations between the
tested variables. The present results were analysed for sagittal
and vertical measurements, separately.

Most of the sagittal parameters showed medium corre-
lation coefficients (between 0.31 and 0.67) (Table 3). ANB,
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ANPg, and FH∧AB showed high correlation coefficients (𝑟 >
0.7) when compared with the respective soft tissue variables.
These angles are usually applied in the evaluation of sagittal
relationships between maxilla and mandible and account
for the diagnosis of skeletal malocclusion. According to the
present results, the diagnosis performed on soft tissue seemed
to be reliable in predicting skeletal cephalometric outcomes
since the coefficients showed high values and reached the
level of significance. Kochel et al. [14] evaluated sagittal soft
tissue measurements and their correspondences with lateral
cephalometric radiography, describing a set of variables
defined on the basis of common skeletal cephalometric mea-
surements. Their findings are in agreement with the present
investigation. The selection of the corresponding landmarks
between skeletal and soft tissue seemed very important in
the outcomes of correlation coefficients. Previous studies [24]
found no correlation between soft tissue measurements of
facial profile and cephalometric ANB angle, employing the
landmarks subnasal and skin pogonion as correspondent
of skeletal landmarks A and B, respectively. The present
investigation used the landmarks subspinal (Ss) and sublabial
(Sl) and high correlation between soft tissue andANB skeletal
angle was found, showing that different outcomes might be
owing to the selection of different landmarks.

The measurements of maxillary sagittal position (SNA,
SNans, and FH∧NA) showed the lowest 𝑟 values (ranging
from 0.16 to 0.36) in relation to soft tissue corresponding
measurements. On the other hand, the converse was the case
for measurements of mandible sagittal position such as SNB,
SNPg, FH∧NPg, and FH∧NBwith 𝑟 values ranging from 0.54
to 0.81. This result suggested that stronger sagittal relations
between soft tissue and underlying hard tissue involved the
lower third of the face compared with the middle third of the
face.

Medium correlation coefficients were found for the verti-
cal parameters (Table 4) in agreement with other studies [15].
Only SN∧FH exhibited low correlation with the respective
soft tissue variables (𝑟 = 0.15 and 𝑟 = 0.25). This may be
because of the difficulty of locating corresponding soft tissue
landmarks for the middle cranial base and the Go landmark
that might have a small correspondence with the external soft
tissues.

All the facial scans in the present study were performed
with relaxed lips and this position was considered accurate in
terms of diagnosis and treatment planning [4, 5] and allowed
comparison with lateral cephalometric radiographs that are
routinely performed with relaxed lips.

Unfortunately, the collected lateral cephalometric radio-
graphs were not all performed with the same X-ray machine
and this could be seen as a limitation of the present study.
Moreover, only selected cephalometric landmarks were
employed and only one operator analysed the data. Also, the
inclusion of Caucasian patients only could be considered a
limitation of the present investigation.

Even though encouraging results were obtained from
the present study, they are still limited to our sample and
methods. Also, the selected sample showed normal BMI, pos-
sibly the ideal condition for the present investigations since
excessive BMI was reported to have significant effects on

the ratio between skeleton and overlying soft tissue, so the
results should not be extended to altered BMI conditions
where the correspondences betweenhard and soft tissuesmay
be less precise. Further studies are needed in order to clarify
the complex relationships between soft and hard tissues and
help clinicians and researchers with diagnosis and treatment
planning with noninvasive tools.

5. Conclusions

From the results of the present study, the following facts can
be stated:

(i) No statistically significant differences were found for
sagittal and vertical soft tissuemeasurements between
females and males in the tested sample.

(ii) Sagittal measurements seemed to be more reliable in
terms of providing a soft tissue diagnosis than lateral
cephalometric radiography measurements (ANB and
ANPg), especially for the lower third of the face (SNB,
SNPg, FH∧NPg, and FH∧NB).

(iii) Vertical soft tissuemeasurements showedweaker cor-
relation with the corresponding lateral cephalometric
radiography variables.

The present soft tissue analysis proposal based on 3D
facial scans showed good reliability and reproducibility even
though further studies are needed in order to confirm the
findings of the research.

Competing Interests

The authors report no competing interests related to this
study.

Authors’ Contributions

Piero Antonio Zecca acquired the clinical data and processed
all the images for the analyses; Rosamaria Fastuca performed
the statistical analysis and drafted the paper; Matteo Beretta
supervised drafting the paper and revising it critically for
important intellectual content; Alberto Caprioglio super-
vised acquiring clinical data, drafting the paper, and revising
it critically for important intellectual content; Aldo Macchi
supervised the entire research project, drafting the paper, and
revising it critically for important intellectual content.

References

[1] P. G. Nijkamp, L. L. M. H. Habets, I. H. A. Aartman, and
A. Zentner, “The influence of cephalometrics on orthodontic
treatment planning,” European Journal of Orthodontics, vol. 30,
no. 6, pp. 630–635, 2008.

[2] N. Kilic, G. Catal, A. Kiki, and H. Oktay, “Soft tissue profile
changes following maxillary protraction in Class III subjects,”
European Journal of Orthodontics, vol. 32, no. 4, pp. 419–424,
2010.

[3] L. Devereux, D. Moles, S. J. Cunningham, and M. McK-
night, “How important are lateral cephalometric radiographs



8 International Journal of Dentistry

in orthodontic treatment planning?” American Journal of
Orthodontics and Dentofacial Orthopedics, vol. 139, no. 2, pp.
e175–e181, 2011.

[4] G. W. Arnett and R. T. Bergman, “Facial keys to orthodontic
diagnosis and treatment planning. Part I,” American Journal of
Orthodontics and Dentofacial Orthopedics, vol. 103, no. 4, pp.
299–312, 1993.

[5] G. W. Arnett and R. T. Bergman, “Facial keys to orthodontic
diagnosis and treatment planning. Part II,” American Journal
of Orthodontics and Dentofacial Orthopedics, vol. 103, no. 5, pp.
395–411, 1993.

[6] W. B. Downs, “Analysis of the dentofacial profile,” Angle
Orthodontist, vol. 26, pp. 191–212, 1956.

[7] R. A.Holdaway, “A soft-tissue cephalometric analysis and its use
in orthodontic treatment planning. Part I,” American Journal of
Orthodontics, vol. 84, no. 1, pp. 1–28, 1983.

[8] R. M. Ricketts, “Esthetics, environment, and the law of lip
relation,” American Journal of Orthodontics, vol. 54, no. 4, pp.
272–289, 1968.

[9] L. L.Merrifield, “Theprofile line as an aid in critically evaluating
facial esthetics,”American Journal of Orthodontics, vol. 52, no. 11,
pp. 804–822, 1966.

[10] V. F. Ferrario, C. Sforza, V. Ciusa, C. Dellavia, and G. M.
Tartaglia, “The effect of sex and age on facial asymmetry in
healthy subjects: a cross-sectional study from adolescence to
mid-adulthood,” Journal of Oral and Maxillofacial Surgery, vol.
59, no. 4, pp. 382–388, 2001.

[11] C. H. Kau and S. Richmond, “Three-dimensional analysis of
facial morphology surface changes in untreated children from
12 to 14 years of age,” American Journal of Orthodontics and
Dentofacial Orthopedics, vol. 134, no. 6, pp. 751–760, 2008.

[12] E. Nkenke, E. Vairaktaris,M. Kramer et al., “Three-dimensional
analysis of changes of the malar-midfacial region after LeFort I
osteotomy and maxillary advancement,” Oral and Maxillofacial
Surgery, vol. 12, no. 1, pp. 5–12, 2008.

[13] F. Ras, L. L. M. H. Habets, F. C. Van Ginkel, and B. Prahl-
Andersen, “Quantification of facial morphology using stereo-
photogrammetry—demonstration of a new concept,” Journal of
Dentistry, vol. 24, no. 5, pp. 369–374, 1996.

[14] J. Kochel, P. Meyer-Marcotty, F. Strnad, M. Kochel, and A.
Stellzig-Eisenhauer, “3D soft tissue analysis—part 1: sagittal
parameters,” Journal of Orofacial Orthopedics, vol. 71, no. 1, pp.
40–52, 2010.

[15] J. Kochel, P. Meyer-Marcotty, M. Kochel, S. Schneck, and A.
Stellzig-Eisenhauer, “3D soft tissue analysis—part 2: vertical
parameters,” Journal of Orofacial Orthopedics, vol. 71, no. 3, pp.
207–220, 2010.

[16] A.M.McCance, J. P.Moss,W.R. Fright, A.D. Linney, and James,
“Three-dimensional analysis techniques—part 3: color-coded
system for three-dimensional measurement of bone and ratio
of soft tissue to bone: the analysis,”TheCleft Palate-Craniofacial
Journal, vol. 34, no. 1, pp. 52–57, 1997.

[17] M. L. Riolo, R. E. Moyers, T. R. TenHave, and C. A. Mayers,
“Facial soft tissue changes during adolescence,” in Craniofacial
Growth during Adolescence, D. S. Carlson and K. A. Ribbens,
Eds., Monograph 20, Craniofacial Growth Series, Center for
Human Growth and Development, University of Michigan,
Ann Arbor, Mich, USA, 1987.

[18] C. S.W.Chiu andR.K. F. Clark, “Reproducibility of natural head
position,” Journal of Dentistry, vol. 19, no. 2, pp. 130–131, 1991.

[19] B. Solow and A. Tallgren, “Natural head position in standing
subjects,”ActaOdontologica Scandinavica, vol. 29, no. 5, pp. 591–
607, 1971.

[20] A. Lundström, F. Lundström, L. M. L. Lebret, and C. F. A.
Moorrees, “Natural head position and natural head orientation:
basic considerations in cephalometric analysis and research,”
European Journal of Orthodontics, vol. 17, no. 2, pp. 111–120, 1995.

[21] G. Dahlberg, Statistical Methods for Medical and Biological
Students, Interscience Publications, New York, NY, USA, 1940.

[22] A. K. Incrapera, C. H. Kau, J. D. English, K.McGrory, and D.M.
Sarver, “Soft tissue images from cephalograms compared with
those froma 3D surface acquisition system,”AngleOrthodontist,
vol. 80, no. 1, pp. 58–64, 2010.

[23] M. A. Shamlan and A. M. Aldrees, “Hard and soft tissue
correlations in facial profiles: a canonical correlation study,”
Clinical, Cosmetic and Investigational Dentistry, vol. 7, pp. 9–15,
2015.
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Purpose. To evaluate the soft tissue stability around single implants inserted to replacemaxillary lateral incisors, using an innovative
3Dmethod.Methods.We have used reverse-engineering software for the superimposition of 3D surfacemodels of the dentogingival
structures, obtained from intraoral scans of the same patients taken at the delivery of the final crown (S1) and 2 years later (S2).
The assessment of soft tissues changes was performed via calculation of the Euclidean surface distances between the 3D models,
after the superimposition of S2 on S1; colour maps were used for quantification of changes. Results. Twenty patients (8 males, 12
females) were selected, 10 with a failing/nonrestorable lateral incisor (test group: immediate placement in postextraction socket)
and 10 with amissing lateral incisor (control group: conventional placement in healed ridge). Each patient received one immediately
loaded implant (Anyridge�, Megagen, Gyeongbuk, South Korea). The superimposition of the 3D surface models taken at different
times (S2 over S1) revealed a mean (±SD) reduction of 0.057 mm (±0.025) and 0.037mm (±0.020) for test and control patients,
respectively.This difference was not statistically significant (p = 0.069). Conclusions. The superimposition of the 3D surface models
revealed an excellent peri-implant soft tissue stability in both groups of patients, with minimal changes registered along time.

1. Introduction

In recent years, aesthetics has become increasingly impor-
tant: everyone wants to be beautiful, according to modern
society’s concept of beauty. Since a beautiful smile can make
the difference, dental and oral implantology are no excep-
tion: patients have high aesthetic expectations of implant-
prosthetic treatment and require cosmetic restorations that
are indistinguishable from natural teeth [1, 2].This is why the
reconstruction of singlemissing teeth in the aesthetic areas of
the maxilla with dental implants is currently a challenge for
the surgeon and the prosthodontist [2–4].

The loss of a tooth actually results in a contraction
of the hard and soft tissues [5–7]. The gradual involution
and reduction of alveolar bone volume begin immediately
after extraction and are accompanied by a contraction of

the overlying soft tissues [6–8]. As demonstrated in various
animal [9–12] andhuman [13–16] studies, amajor contraction
of the alveolar bone volume occurs after extraction of natural
teeth, during the first six months and up to 2 years after
extraction.Amarked reduction in the buccopalatal width and
the height of the alveolar ridge is already evident in the first
year after the extraction [7, 8, 14] and is accompanied by a
contraction of the overlying soft tissues [6, 8, 17, 18]. These
phenomena are particularly evident in the anteriormaxilla [7,
8, 14, 16], since in this area tooth extraction compromises the
vascularization of the delicate vestibular bone plate, mainly
provided by the vascular plexus of the periodontal ligament.
The immediate consequence of reduced vascularization in the
anterior maxilla is the physiological horizontal and vertical
resorption of the vestibular bone plate, with contraction of
the overlying soft tissues [7, 8, 14, 17, 18]. This contraction
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can make implant-prosthetic treatment unpredictable when
restoring andmaintaining a cosmetic appearance identical to
that of a natural tooth are our purpose [17, 18].

The long-term stability of the peri-implant soft tissues in
the anterior maxilla is of fundamental importance for the
success of implant treatment [17, 18]. For this reason, over the
years, a whole series of indexes for describing the aesthetic
outcome of implants and for monitoring the stability of the
peri-implant soft tissues over time have been proposed in
the literature [19–24]. Although these indexes, particularly
some of them [21, 22], have been used by various authors
[2, 4, 25–27] and have represented the standard for evaluating
the aesthetic success of reconstructions with single implants
in the anterior maxilla [21, 22, 25–27], until now it was not
possible to perform an exact quantitative evaluation of the
stability of the peri-implant soft tissues over time [28]. In
fact, the indexes proposed in the literature are based on a
two-dimensional photographic assessment (2D) and on the
comparison of photographs taken at different times (usually
at the delivery of the final restoration and over the following
years) through the application of established criteria [28].
This does not allow the actual loss or the three-dimensional
contraction (3D) of the peri-implant tissues over time to be
exactly quantified [28]. To date, only one clinical work has
tried to quantitatively assess the modifications of the soft
tissues around individual implants in the aesthetic area over
time [29]; however, this study employed reconstructions from
cone beam computed tomography (CBCT), which is not ideal
for the purpose.

Various surgical techniques have been proposed for plac-
ing of implants in the anterior maxilla [4, 25–27]. Amongst
them, we should mention the immediate placement of
implants in postextraction sockets, early implant placement
in sites where bone healing is still ongoing (4–8 weeks
after extraction), and conventional implant placement in
fully healed sites (6–8 months after extraction) [4, 25–27].
Although all of these techniques can provide high implant
survival, it is not yet clear which of these may give the best
aesthetic result [4, 25–28].

Recent advances in the field of digital dentistry, and
in particular the introduction of intraoral scanners which
are powerful devices for taking optical impressions [30, 31],
could help clinicians to fully understand the dynamics and
transformations of the peri-implant soft tissue over time:
this is of particular interest for single implants positioned
in the anterior maxilla. In fact, the patient can undergo
various scans with the intraoral scanner in the course of
the treatment (e.g., at the time of placement of the final
restoration and during subsequent check-ups). The patient’s
3D models can then be loaded into reverse-engineering
software and superimposed over each other [32, 33], in order
to exactly quantify the stability of the peri-implant soft tissues
over time.

Hence, the aim of this study was to compare the stability
of peri-implant soft tissues around single implants posi-
tioned in the anterior maxilla, over time, with two different
surgical protocols (immediate implants versus conventional
implants), using an innovative 3D technique.

2. Materials and Methods

2.1. Study Population. The present study was designed as
a prospective investigation based on data from patients
recruited/treated in two different private practices (Grave-
dona, Como andRome, Italy), under a standardized protocol,
over a two-year period (September 2011–2013).

Inclusion criteria were patients in good oral/systemic
health, in need for replacement of failing/nonrestorable max-
illary lateral incisors (immediate implants in postextraction
sockets: test group) or missing lateral incisors (conventional
implants in healed ridges: control group), with sufficient
bone height/width to place an implant of at least 3.5mm
in diameter and 10.0mm in length, and with natural teeth
adjacent to the implant site. In the control group, both patients
with congenitally missing lateral incisors and patients who
had previously lost a lateral incisor (with at least 4 months
of healing after tooth extraction) were included.

Exclusion criteria were patients with active oral infec-
tions, chronic periodontitis with advanced loss of support
(defined by periodontal pocking depth > 6mm with clinical
attachment loss > 4mm, radiographic evidence of bone
loss and increased tooth mobility), and patients with severe
systemic diseases that would not allow a surgical intervention
(immunocompromised patients, patients who underwent
radiotherapy and/or chemotherapy, and patients in treat-
ment with intravenous and/or oral amino-bisphosphonates).
Smoking was not an exclusion criterion, although all patients
were informed that smoking is associated with an increased
risk of implant failure [34]. All patients received full explana-
tion about the surgical and prosthetic protocol and signed an
informed consent form prior to being enrolled in the present
study; all patients accepted to fully participate in surveys.
The Ethics Committee for Human Studies of the Hospital of
Varese approved the present study, which was conducted in
accordance with the principles outlined in the Declaration of
Helsinki of 1975, as revised in 2008.

2.2. Surgical and Prosthetic Protocol. The surgical and pros-
thetic protocol was as previously reported [35]. In brief,
all patients received one single implant (Anyridge, Mega-
gen, Gyeongbuk, South Korea), placed to replace a fail-
ing/nonrestorable or a missing maxillary lateral incisor.

Thefixtures used in the present have a tapered designwith
aggressive threads and a calcium-incorporated nanostruc-
tured surface (Xpeed�, Megagen, Gyeongbuk, South Korea)
with the potential to accelerate healing processes and to
promote osseointegration [36]. In addition, they have a
conical connection (10∘), which offers a tight seal and a
built-in platform switching, ideal for preventing crestal bone
resorption and for maintaining soft tissue volume along time
[35].

Prior to surgery, a careful preoperative clinical and
radiographic assessment was made in each patient, with the
aim of better understanding the anatomy of implant sites;
moreover, impressions were taken, casts were developed,
and a diagnostic wax-up was performed, in order to better
understand the patient’s prosthetic needs.
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In postextraction sockets, after local anaesthesia, an
intrasulcular incision was made, extended to the neighbor-
ing teeth, and the failing/nonrestorable tooth was gently
extracted, avoiding any movement that could damage the
buccal bone wall. The postextraction socket was carefully
debrided and the integrity of the socket walls was checked.
After that, the surgical site was prepared, by deepening
the socket for 3-4mm, and the implant was placed; finally,
particles of synthetic bone grafts were used to fill the gap
between the implant body and the buccal bone wall and to
overbuild the buccal bone wall, for protection against bone
resorption.

In healed sites, after local anaesthesia, a crestal incision
was made, connected with two lateral (vertical) releasing
incisions, and a full-thickness surgical flap was raised to
expose the alveolar crest; then, the surgical site was prepared
according to the manufacturer’s recommendations, and the
implant was placed.

The surgeons were free to choose between different
implant lengths (10.0mm, 11.5mm, and 13.0mm) and diam-
eters (3.5mm and 4.0mm). In both postextraction sockets
and healed sites, the implants were placed slightly palatally, in
order to avoid contact with the buccal bone wall.The implant
stability was checked manually at placement. Sutures were
placed. All implants were functionally loaded immediately
after placement, with a provisional crown. Patients were pre-
scribed with oral antibiotics (amoxicillin plus clavulanic acid,
2 gr/day for 6 days) and analgesics (ibuprofen, 600mg/day
for 3 days). Ice packs were provided, and a soft diet was
recommended for the first week. After oneweek, sutures were
removed.

The provisional crown remained in situ for a period of
3 months; after that final impressions were taken and the
final metal-ceramic crown was provided. All crowns were
cementedwith a temporary zinc-eugenol cement. All patients
were enrolled in a 6-month postoperative control program.

2.3. Intraoral Scans. Each patient underwent two different
intraoral scans of the full mouth: three months after implant
placement, at the delivery of the final implant-supported
restoration (S1), and two years later (S2). All scans were per-
formed by two calibrated operators, with proven experience
in the use of intraoral scanners. All scans were performed
with a powerful, modern intraoral scanner (Trios, 3-Shape,
Copenhagen, Denmark). This structured-light device works
under the principle of confocal microscopy and ultrafast
optical scanning, and it produces in-color 3D surface models
in a proprietary (.DCM) format [33]. These files were then
converted into solid-to-layer (.STL) files, using proprietary
software.

2.4. 3D Soft Tissues Evaluation. The 3D surface models
of the two different scans (S1 and S2) from each patient
were imported into powerful reverse-engineering software
(Geomagic Studio 2012, Geomagic, Morrisville, NC, USA)
[36]. All scans were checked and cleaned using the “mesh
doctor” function, so that small artifacts identified as inde-
pendent polygons could be automatically removed. After

that, the scans were cut and trimmed using the “cut
with planes” function, in order to obtain uniform surface
models, representing the implant-supported restoration and
the adjacent natural teeth only, with related soft tissues.
Subsequently, the function “cut with lines” was used to
isolate the soft tissues from the implant-supported restoration
and the adjacent natural teeth. The obtained uniform 3D
surface models represented the region of interest for this
study: they were saved in specific folders and were ready for
superimposition. Superimposition was obtained as follows.
First, the S2 model was roughly superimposed to the S1
model (reference dataset) using the “three-point” registration
tool. The three points were identified on the final implant-
supported crown, two on the crown margin and one on the
cervical area, in order to facilitate this alignment. After this
first rough alignment, the final registration was performed
using the “best fit alignment” function.This final registration
was obtained using an iterative closest point algorithm, also
called “robust iterative closest point” (RICP). The distances
between the S1 and the S2 models were minimized using the
point-to-plane method. For each case, approximately 65.000
triangles were superimposed. Congruence between specific
corresponding structures was calculated at this stage, for
testing the accuracy of the procedure. Finally, the distances
between corresponding areas of S1 and S2 were color-coded
on the superimposed models for visualization of the results;
a color map was generated, where the distances between
specific points of interest were quantified overall and in all
three planes of space. The modifications of peri-implant soft
tissues along time were therefore visualized and calculated as
mean (± standard deviations, SD). The color maps indicated
inward (blue) or outward (orange, red) displacement between
overlaid structures, while an absence of changeswas indicated
by the green color. The analysis was repeated with four
different settings (50 𝜇m, 25 𝜇m, 10 𝜇m, and 5 𝜇m), in order
to help the reader to highlight the 3D deviations at different
resolution/magnification. With the first two settings (50𝜇m
and 25 𝜇m), in fact, only the biggest variations affecting the
tissues (>50 and >25 micrometers, resp.) could be visualized;
with the last two (10 𝜇m and 5 𝜇m), it was possible to visually
assess even little tissue variations along time (variations >10
and >5 micrometers, resp.). All the aforementioned proce-
dures for 3D soft tissue evaluation along time were made by
the same calibrated operator, with extensive experience with
reverse-engineering software and software for overlapping of
digital images.

2.5. Statistical Analysis. All collected data were inserted
in a sheet for statistical analysis (Excel 2003�, Microsoft,
Redmond, WA, USA). Mean ± SD of the modifications of
peri-implant soft tissues along time were calculated for each
patient and then for each group of patients (test versus control
patients). The 𝑡-test for independent samples was used to
evaluate the differences between the two groups. The level of
significance was set at 0.05. All computations were carried
out with statistical analysis software (SPSS 17.0�, SPSS Inc.,
Chicago, IL, USA).
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Figure 1: Immediate implant placement in postextraction socket (test group) of an adult female patient (34 years old): (a) the socket
immediately after extraction; (b) the implant (Anyridge, Megagen, Gyeongbuk, South Korea) was placed in the fresh extraction socket; (c)
the implant was immediately loaded with a provisional resin crown; (d) three months later, the final metal-ceramic crown was delivered to
the patient; (e) first scan (S1) of the peri-implant soft tissues with a powerful intraoral scanner (Trios�, 3-Shape, Copenhagen, Denmark), at
the delivery of the final crown; (f) 1-year clinical control; (g) 2-year clinical control; (h) second scan (S2) of the peri-implant soft tissues 2
years after the delivery of the final crown; (i) overlapping of digital images (S2 over S1) in powerful reverse-engineering software (Geomagic
Studio 2012�, Geomagic, Morrisville, NC, USA).

3. Results

Six patients did not match the inclusion criteria and were
therefore excluded from the study. Twenty patients (8
males, 12 females; aged between 17 and 54 years) with
failing/nonrestorable or missing lateral incisors presented
no conditions enlisted in the exclusion criteria and were
enrolled in the present study. Ten patients (5males, 5 females;
aged between 19 and 54) had a failing/nonrestorable lateral
incisor and were subjected to immediate implant placement
(test group); among these patients, root fracture was the
most frequent reason for tooth loss (5 patients), followed
by caries (3 patients) and recurrent nontreatable endodontic
lesions (2 patients). The other 10 patients (5 males, 5 females;
aged between 17 and 34 years) had a missing lateral incisor
(8 of them congenitally) and were therefore subjected to
conventional implant placement (control group). Each patient
received one single implant. All implants were functionally
loaded immediately after placement. All implant-supported
restorations were followed up for a period of 2 years after
delivery (Figures 1 and 3). The superimposition of the 3D
surface models taken at different times (S2 on S1) revealed

a mean (±SD) reduction of 0.057mm (±0.025) and 0.037mm
(±0.020) for test and control patients, respectively (Table 1,
Figures 2 and 4). This difference was not statistically signif-
icant (𝑝 = 0.069). The changes evidenced between S1 and S2
wereminimal, so that an excellent 3D peri-implant soft tissue
stability along time was found in both groups of patients.

4. Discussion

Currently, the placement of single implants in the aesthetic
area of the anterior maxilla is a difficult challenge for the
surgeon and the prosthodontist [2–4]. On the one hand, in
a world where a beautiful smile is becoming increasingly
important, the patient’s aesthetic expectations are in fact
higher than ever [2, 4]; on the other, it is known that the loss of
a tooth inevitably results in resorption of alveolar bone, with
consequent contraction of the overlying soft tissues [5–7].

A recent systematic review on clinical studies by Tan
and colleagues [7] has confirmed that, after tooth extraction,
a pronounced horizontal dimensional reduction (3.79 ±
0.23mm) combinedwith a vertical reduction (1.24±0.11mm
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Table 1: Soft tissue contraction around single implants inserted
to replace failing/nonrestorable (test group: immediate implant
placement in postextraction socket) and missing (control group:
conventional implant placement in healed ridge) lateral incisors.The
assessment of soft tissue contraction was performed via calculation
of the Euclidean surface distances between the 3D models, after the
superimposition of S2 on S1, in mm, over a 2-year period.

Immediate implant placement
in postextraction sockets
(test group)

Conventional implant placement
in healed ridges
(control group)

0.024 0.091
0.048 0.044
0.09 0.025
0.065 0.038
0.051 0.022
0.042 0.037
0.028 0.025
0.044 0.028
0.099 0.033
0.079 0.028
Overall: 0.057 (±0.025) Overall: 0.037 (±0.020)

on buccal, 0.84 ± 0.62mm on mesial and 0.80 ± 0.71mm on
distal sites) occurs at 6 months; percentage horizontal and
vertical dimensional changes were comprised between 29–
63% and 11–22% at 6 months, respectively [7]. The amount
of bone resorption is usually greater at the buccal aspect than
at its palatal/lingual counterpart, particularly in the anterior
maxilla [7, 8, 13, 15, 16]. In fact, most tooth sites in the anterior
maxilla exhibit very thin (≤1mm) buccal bone walls that are
frequently made up of only bundle bone [13, 15, 16, 37, 38].
As the bundle bone is a tooth-dependent structure, such a
thin bone wall may undergo marked resorption following
tooth extraction [37, 38]. Chappuis and colleagues have
identified a buccal bone wall thickness of ≤1mm as a critical
factor associated with the extent of bone resorption [14].
Thin-wall phenotypes displayed pronounced vertical bone
resorption, with a median bone loss of 7.5mm, as compared
with thick-wall phenotypes, which decreased by only 1.1mm
[14].

Various treatment modalities have been described for
implant therapy in the anterior zone such as conventional
(4–6 months after tooth extraction), early (typically 4–
8 weeks after extraction), and immediate implant place-
ment (placement of a dental implant at the time of tooth
extraction) [1, 2, 4, 25, 26]. Immediate implant placement
has several advantages over the other treatment modalities,
since it reduces the number of dental appointments, the
time of treatment, and the number of surgeries, improv-
ing patient acceptance, with the psychological benefit of
simultaneously replacing a lost tooth with an implant
[4, 25, 26].

However, it is not yet clear which of these tech-
niques will ensure the best aesthetic results in the anterior
maxilla [1, 2, 4, 25–28]. In fact, few studies have com-
pared the aesthetic outcome of these different therapies

and consequently the stability over time of the soft tis-
sues around single implants placed in the aesthetic areas
using the different surgical protocols mentioned above
[4, 25–28].

In addition, almost all of these studies were based on 2D
evaluation of photographs taken at different times during the
course of therapy (usually at the time of delivery of the final
restoration and at the time of subsequent follow-ups) [2, 4,
25–28]. In fact, the criteria introduced so far for evaluating
the cosmetic success of the placement of single implants in
the anterior maxilla are only 2D [19–24, 28]. Though these
criteria can be useful for determining whether an implant-
prosthetic restoration is cosmetically acceptable, they do not
allow us to quantify changes in the peri-implant soft tissues
over time [28, 29].

In order to quantify these changes with certainty, we
must in fact have 3D models, obtained at different times
during the course of therapy, so that we can overlay them
with each other [29]. In this sense, the digital revolution, by
introducing a series of powerful tools for capturing 3D images
(cone beam computed tomography-CBCT, intraoral, extrao-
ral, and face scanners) and reverse-engineering software for
the processing/superimposition of images, can be of help
[29–33].

In the last few years, various methods have been
described for superimposition of 3D datasets, including
landmark-based superimposition, surface-based superim-
position, or voxel-based superimposition of form-stable
anatomical structures [32, 33]. The validity of the first two
superimposition techniques depends on the accuracy of land-
mark identification and on the precision of the 3D surface
models, respectively [32]. The recent study by Chappuis
and colleagues was the first ever to propose a technique
for the 3D evaluation of the stability over time of the soft
tissues around single implants placed in the anterior maxilla
[29]. For this paper, the authors used a voxel-based overlay
technique, reconstructing the peri-implant soft tissues from
CBCT images [29]. Although this overlay method is safe and
effective, the need of several CBCT scans, with consequent
exposure to ionizing radiations, represents a major limitation
of the procedure [29].

The introduction of the intraoral scanners, powerful tools
for taking an optical impression [30], allows these problems
to be overcome. Intraoral scanners actually allow us to obtain
highly accurate 3Dmodels of dentoalveolar tissue, using only
a beam of light [30–33]. The scans can therefore be repeated
at different times, without harming the patient. The purpose
of the present prospective clinical study was to investigate
the 3D stability of peri-implant soft tissues along time, in
patients treated with a single implant for replacement of a
maxillary lateral incisor. In order to quantitatively evaluate
the 3D soft tissues dynamics, we have superimposed .STL
files of intraoral scans taken at different time (at the delivery
of the final restoration, S1; and 2 years later, S2), using
powerful reverse-engineering software. With this software,
the 3D differences of the superimposed models (S2 on S1)
were quantified and translated into color codes, representing
the distance between corresponding points. Ten patients with
a failing/nonrestorable lateral incisor (test group) and 10 with
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Figure 2: Immediate implant placement in postextraction socket (test group) of an adult female patient (34 years old): (a) overlapping of
digital images (S2 over S1): colorimetric map, first setting (50 𝜇m). Since the variations in soft tissue volume over 2 years did not exceed
50 𝜇m, the only color visualized was green; (b) overlapping of digital images (S2 over S1): colorimetric map, second setting (25𝜇m). Only
in a few restricted areas was a variation/reduction in soft tissue volume > 25 𝜇m registered: therefore, the predominant color was still green;
(c) overlapping of digital images (S2 over S1): colorimetric map, third setting (10𝜇m). Overall, the soft tissues were stable and did not show
contractions > 10 𝜇m, but the soft tissues overlying the vestibular (bundle) bone showed some kind of variation/reduction over time, as they
were depicted in light blue; (d) overlapping of digital images (S2 over S1): colorimetric map, fourth setting (5𝜇m). The area of the vestibular
mucosa overlying the vestibular (bundle) bone was clearly the most affected by tissue contraction over time, although the mean (±SD) soft
tissue reduction in the whole inspected area amounted to 0.024mm (±0.048) only.

a missing lateral incisor (control group) were selected for the
present study. Each patient received one single, immediately
loaded implant. The final crowns were provided 3 months
after surgery andmonitored for a period of 2 years. At the end
of the study, a mean loss of tissue of 0.057mm (±0.025) and
0.037mm (±0.020) was reported for test and control patients,
respectively. This difference was not statistically significant
(𝑝 = 0.069). The changes evidenced between S1 and S2
wereminimal, so that an excellent 3D peri-implant soft tissue
stability along time was found. In general, the contraction
of the tissues mostly affected the vestibular mucosa over the
implant, as expected; this decrease was more pronounced in
the case of immediate implants (test group); implants placed
in healed ridges (control group) showed a lesser modification
in this area and major changes in the papillae. The overall
best results obtained in the present study with immediate
implants (test group)may be in someway related to the use of
bone grafting material for the protection of the buccal bone.
However, these issues are worthy of further investigation
and analysis: in fact, factors affecting soft tissue level around
anterior maxillary single-tooth implants still need to be
elucidated [39].

This study has limits. A limited number of patients were
selected and evaluated; most of them (8) had a congenitally

missing lateral incisor [40]. The intraoral scans were taken
by two operators (although experienced and calibrated) at
different times, with different environment conditions (room
temperature, light, and more). Moreover, the assessment
of tissue stability was only possible from the delivery of
the final crown, which was used as a reference for the
overlapping of 3D models; in this way, an evaluation of the
tissues dynamics during provisionalization, and immediately
following placement of the implant, was not possible. The
only possible solution to evaluate soft tissues stability in the
first 3months after implant placement would be the use of the
provisional restorations as references for the overlapping. In
fact, the adjacent (natural) teeth cannot be used as references:
they may be subject to movements, and these changes may
render the overlapping of digital images rather inaccurate,
jeopardizing the final 3D evaluation. However, the use of
provisional restorations as references has limits: soft tissues
are subjected to some kind of edema immediately after
surgery, and this may introduce a bias in the study. Moreover,
only modifications in a limited timeframe (3 months) can be
registered, if provisional restorations are used as references
for the overlapping procedures. It is very important to
select proper landmarks for the overlapping of 3D models:
these landmarks/reference points should be identified on
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Figure 3: Conventional implant placement in healed ridge (control group) of a young female patient (19 years old)whounderwent orthodontic
treatment: (a) preoperative situation; (b) the mucoperiosteal flap was raised, the alveolar bone was exposed and the implant (Anyridge,
Megagen, Gyeongbuk, South Korea) was placed in the healed ridge; (c) the implant was immediately loaded with a provisional resin crown;
(d) three months later, the final metal-ceramic crown was delivered to the patient; (e) first scan (S1) of the peri-implant soft tissues with a
powerful intraoral scanner (Trios, 3-Shape, Copenhagen, Denmark), at the delivery of the final crown; (f) 1-year clinical control; (g) 2-year
clinical control; (h) second scan (S2) of the peri-implant soft tissues 2 years after the delivery of the final crown; (i) overlapping of digital
images (S2 over S1) in powerful reverse-engineering software (Geomagic Studio 2012, Geomagic, Morrisville, NC, USA).

the implant-supported restorations only, and not on the
adjacent (natural) teeth. A possible solution for future studies
should be the identification of two different timeframes, with
a short-term evaluation of soft tissue stability during the
provisionalization (first scan, S1, two weeks after implant
placement; second scan, S2, 3 months later, before replacing
the provisional with the final restoration) and then a long-
term evaluation of soft tissues stability after the placement of
final restoration (third scan, S3, immediately after the final
restoration is placed; fourth scan, S4, 2 years later). Finally,
the procedure for the overlapping of digital images is not easy,
as it requires experience with the use of reverse-engineering
software.

Beyond these considerations, the new method presented
in this paper allows a detailed quantitative 3D evaluation
of peri-implant soft tissue modifications along time. This
could help to evaluate treatment results in the aesthetic areas
of the anterior maxilla and therefore to identify the best
treatment modalities (immediate versus early versus conven-
tional implant placement) in different clinical situations, for
achieving andmaintaining aesthetic success in the long-term.

5. Conclusions

In the present study, we have introduced a new 3D method
for the quantitative evaluation of soft tissue stability around
single implants inserted to replace failing/nonrestorable and
missing lateral incisors. This method is based on the over-
lapping of 3D models obtained from intraoral scans of the
same patient taken at different times (at the delivery of the
final crown and 2 years later). Within the limits of this
study (limited number of patients treated and scans taken
by different operators at different time) the new method
introduced here can help to evaluate treatment results in the
aesthetic areas of the anterior maxilla; therefore it could help
to identify the best treatment modalities (immediate versus
early versus conventional implant placement) for achieving
and maintaining aesthetic success.
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Figure 4:Conventional implant placement in healed ridge (control group) of a young female patient (19 years old)whounderwent orthodontic
treatment: (a) overlapping of digital images (S2 over S1): colorimetric map, first setting (50 𝜇m). The soft tissues overlying the vestibular
(bundle) bone appeared stable, while the papillae showed some kind of contraction; however, this could be related to the movements of
the natural teeth adjacent to the implant-supported restoration; (b) overlapping of digital images (S2 over S1): colorimetric map, second
setting (25 𝜇m).The predominant color was light blue, since in most areas a variation/reduction in soft tissue volume > 25𝜇mwas registered;
(c) overlapping of digital images (S2 over S1): colorimetric map, third setting (10𝜇m). Only a few areas showed contraction < 10 𝜇m; (d)
overlapping of digital images (S2 over S1): colorimetric map, fourth setting (5𝜇m).The area of the vestibular mucosa overlying the vestibular
(bundle) bone was the least affected by tissue contraction over time, whereas the papillae were the most affected. Overall, the mean (±SD)
soft tissue contraction/reduction in the whole inspected area amounted to 0.091mm (±0.073).
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Purpose. The aim was to quantify the bacteria concentration on the surface of orthodontic clear aligners using three different
cleaning methods. Furthermore the objective was to validate the efficacy of the bioluminometer in assessing the bacteria
concentration. Materials and Methods. Twenty subjects (six males and fourteen females) undergoing orthodontic therapy with
clear aligners (Invisalign� Align Technology, Santa Clara, California) were enrolled in this study. The observation time was of
six weeks. The patients were instructed to use different cleaning methods (water, brushing with toothpaste, and brushing with
toothpaste and use of sodium carbonate and sulphate tablet). At the end of each phase a microbiological analysis was performed
using the bioluminometer. Results. The highest bacteria concentration was found on aligners cleaned using only water (583 relative
light units); a value of 189 relative light units was found on aligners cleaned with brushing and toothpaste. The lowest bacteria
concentration was recorded on aligners cleaned with brushing and toothpaste and the use of sodium carbonate and sulfate tablet.
Conclusions. The mechanical removal of the bacterial biofilm proved to be effective with brushing and toothpaste. The best results
in terms of bacteria concentration were achieved adding the use of sodium carbonate and sulfate tablet.

1. Introduction

Traditional fixed orthodontic appliances lead to a change in
the quantity and in the composition of oral microbiota. Fixed
orthodontic devices cause plaque accumulation, impede cor-
rect professional hygiene procedures, and potentially cause
enamel demineralization, tooth decay, and periodontal dis-
ease [1–6]. Digital dentistry is a fast moving field and new
technologies give both the clinicians and patients new treat-
ment possibilities. In 1999 a new orthodontic appliance based
on a polymer composed of a chain of organic units joined
with urethane links was introduced (Invisalign, Align Tech-
nology, Santa Clara, California) and produced with a CAM
(computer aided manufacturing) technology as a removable
appliance able to gradually move the teeth according to

a computer designed treatment plan.The introduction of this
technology gave the patients the possibility to better control
the oral hygiene. In fact, the use of removable orthodontic
devices guarantees a normal professional hygiene cleaning,
thus reducing the risk of developing plaque related diseases
[7–9]. The use of removable clear aligners showed, also, a
better patient compliance in terms of oral hygiene procedures
[10]. In the case of removable aligners it is important that
before use they are cleaned and without bacteria. A correct
hygiene is able to impede the accumulation of bacteria on
the surfaces, thus avoiding the potential risk of spreading
bacteria on teeth surfaces and periodontium. Therefore, it
is important to clean and disinfect the removable aligners,
but information given to patients is often incomplete and
unclear.This could be attributable to a lack of evidence in the
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scientific literature; the same problem could be related also to
other removable orthodontic appliances [11, 12]. The aim of
this study was to evaluate the efficacy in removing the bac-
terial biofilm on clear aligners using three different cleaning
methods. Furthermore the reliability of bioluminometer was
tested.

2. Materials and Methods

2.1. Patient Population. Twenty (6 males and 14 females)
consecutive patients undergoing orthodontic treatment with
clear aligners (Invisalign, Align Technology, Santa Clara,
California) referring to the Department of Orthodontics of
the University of Insubria with age ranging from 18 to 30
years were enrolled in this study. All patients were informed
of the nature of the study to be carried out on an individual
basis and read and signed a written consent form. The study
protocol was conducted in accordance with the Helsinki
Declaration of 1975, as revised in 2007.The study protocol was
approved by the Ospedale di Circolo e Fondazione Macchi
Ethics Committee, Varese.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria were
as follows: Class I skeletal relationship, normodivergent
Frankfort mandibular-plane angle, age > 18, and no active
periodontal disease.

Exclusion criteria were as follows: smoking habit, pres-
ence of fixed bridges/crowns or partial dentures, previ-
ous periodontal nonsurgical treatment (such as full-mouth
disinfection, quadrant-by-quadrant therapy, and full-mouth
debridement) within the past year, and medications such as
antibiotics, steroids, or nonsteroidal anti-inflammatory drugs
within the past 6 months.

2.3. Study Design, Evaluation of Total Biofilm, and Statis-
tical Analysis. Before taking part in the study all subjects
were motivated and instructed to a correct oral hygiene by
one operator (CT). All patients were instructed to use a
manual toothbrush with a rolling technique. To reduce bias
patients were provided with the same oral hygiene products
(anticaries toothpaste, mouthrinse, and interdental floss).
All subjects underwent professional dental cleaning by one
operator (CT) before the study period. Each patient received
three series of aligners, each to be worn for 2 weeks, and
was asked to use different cleaning procedures over the 6
weeks of their application. At the end of each two-week stage
a microbiological sample was obtained from the aligners
by means of sterile swab. The patients were asked to clean
the clear aligners using three different cleaning methods
described as follows:

T1 (water—W): during the first two weeks patients
were asked to remove the clear aligners before eating
and to rinse the aligners in cold running water for 15
seconds.
T2 (toothbrush—TB): for the second two weeks
before eating patients were asked to remove the
aligners and to brush them for at least 30 secondswith

a soft toothbrush and toothpaste with a relative dentin
abrasion value of less than 100.
T3 (tablet and toothbrush—TBT): all the subjects
were asked to clean their appliances daily for at least
20 minutes by soaking them in cold water in which
effervescent tablets containing sodium carbonate and
sulfate (Invisalign Cleaning System, Align Technol-
ogy, San Jose, CA, USA) had been dissolved. Before
wearing the aligners, the patients were also instructed
to brush them for at least 30 seconds with a soft tooth-
brush and toothpaste with a relative dentin abrasion
value of less than 100. At the end of each 2-week stage,
bioluminometer analysis was carried out. AWilcoxon
match paired test was used. The level of significance
was set at 0.05. All statistical analyses were run on the
MedCalc� software (MedCalc Software bvba, Ostend,
Belgium).

2.4. Bioluminometer Validation. A crossed analysis was car-
ried out in order to evaluate the reliability of the biolumi-
nometer values. A microbiological sample was obtained and
analysed. The total biofilm value was evaluated using two
different methods. A sample of saliva was obtained for both
analyses. The traditional LB Agar culture was carried out
counting the CFU (colony-forming unit). The bioluminome-
ter gives a bacteria concentration value expressed in RLU
(relative light units). A comparison of the values obtained
with the two different methods was done.

2.5. Bioluminometer Microbiological Analysis. A microbio-
logical analysis was carried out using the Bioluminometer
System Sure II Plus (RG Strumenti, Parma, Italy) with the
SuperSnap kit (RG Strumenti, Parma, Italy) according to
the manufacturer’s instructions. The sample was collected
passing the SuperSnap kit on the aligners from molar to
molar; a round movement was performed on the molars
while a simple scraping was performed on the other parts
of the aligners. The samples were then stored in a solution
for the bacterial lysis and for the chemiluminescence. The
sample was stored for 4 hours at 4∘C before proceeding with
the chemiluminescence analysis.

3. Results

3.1. Bioluminometer Validation. A correlation was found
between the results obtained with the Bioluminometer and
the LB Agar culture. A proportional relationship was found
between UFC and the RLU values. A linear relationship was
found until 200 UFC value (Figure 1).

3.2. Bioluminometer Microbiological Analysis. All the sam-
ples were colonized by a bacterial biofilm (Table 1). The
mean values of the bacterial concentration were 583 RLU, 188
RLU, and 71 RLU for the water (W), toothbrush (TB), and
toothbrush and tablets (TBT), respectively (Figure 2). The
median values were 518 W (95% confidence interval 248–
781), 145 TB (95% confidence interval 103–205), and 64 TBT
(95% confidence interval 39–85). The highest bacterial value
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Table 1: Value of the bioluminometer analysis; concentration value
is expressed in RLU (relative light units).

Patient T1 T2 T3
Water Toothbrush Toothbrush and tablet

1 1.292 127 38
2 1.240 82 89
3 749 325 78
4 500 146 47
5 216 46 71
6 42 145 24
7 74 23 7
8 536 45 36
9 304 69 27
10 186 160 62
11 976 451 107
12 237 187 64
13 439 324 98
14 1.403 625 152
15 343 113 51
16 704 127 220
17 788 209 16
18 635 306 82
19 851 162 86
20 154 107 65
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Figure 1: Linear relationship graph.

in the TBT group was lower than the lowest value of the TB
value; similarly the highest value of the TB group was lower
than the lowest value of the W group. A statistical significant
difference was found between the TBT group and the TB
group (𝑝 = 0.0003) (Figure 3).
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Figure 2: Box plot comparison between TB, TBT, and W. The
graphical representation box and whiskers plot shown above, using
the multiple comparison mode, is used to describe the distribution
of a sample by means of simple measures of dispersion and location.
The central box represents the values from the lower to upper
quartile (25 to 75 percentile).Themiddle line represents themedian.
A line extends from theminimum to themaximum value, excluding
“outside” and “far out” values which are displayed as separated
points.

4. Discussion

Orthodontic treatment with clear aligners is widely accepted
and used because it is a highly aesthetic and nearly invisible
treatment option. A high compliance with oral hygiene
procedures was found in patients treated with removable
aligners, thus reducing the risk of developing plaque-related
disease [10]. Several clinical [9, 13] and microbiological [8]
studies showed that Invisalign appliance, even if embedded
teeth and part of the keratinized gingiva nearly all day,
reduces the risk of developing periodontal injury compared
with fixed orthodontic appliance. This could be attributed
to the fact that aligners are removable and thus allow
unimpeded oral hygiene.

The fact that aligners can be removed before eating and
during oral hygiene procedures does not exclude bacterial
contamination and proliferation on them. Studies conducted
with Scanning Electron Microscopy (SEM) highlighted the
adherence of organic material and bacteria to clear aligners
compromising the aesthetic aspect of them in terms of
transparency. Lombardo et al. demonstrated, in vitro, using
artificial saliva that the optical properties of orthodontic
aligners appear to vary between brands and constituent
materials but deteriorate with in vitro aging in all cases [14].
The growth of a bacterial biofilm does not only influence
the aesthetic aspect of the clear aligners but also it is a
potential risk factor for the development of bacteria-related
disease; thus it is important to determine the most effective
cleaning method. Several studies conducted on materials
used in restoration procedures (such as denture materials
and porcelains) showed how S. mutans, C. albicans, and
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Figure 3: Wilcoxon test for paired data. W and TB (a), W and TBT (b), and TB and TBT (c).

streptococci accumulate on the surface of removable appli-
ances [15, 16]. Li et al. highlighted that the nature of a
surface is able to influence biofilm features such as biomass
accumulation and susceptibility to antimicrobial treatments
[17]. These studies showed how total biofilm mass can be
reduced using daily correct hygiene procedures. A study was
conducted on removable resin-made orthodontic devices and
analysed the distribution frequency of Streptococcus mutans
in the saliva of two groups of children: one group treated with
resin-made removable appliances and one group untreated.
A higher bacterial colonization was found in the treated
group, showing how orthodontic devices may be potential
carriers of bacterial infections [18]. A SEM study conducted
byDiedrich on removable orthodontic appliances showed the
microbiological colonization on these appliances. The results
showed that using only a toothbrush was not able to provide
an acceptable hygiene; on the contrary the use of ultrasound
gave optimal results [19]. A recent SEM study conducted
on clear aligners analysed the bacterial colonization using
three different cleaning methods: running water, toothbrush
and toothpaste, and toothbrush and toothpaste with sodium
carbonate and sulfate [20].This study suggested that brushing
associated with the use of effervescent tablets containing
sodium carbonate and sulfate is the most effective method of

cleaning clear aligners. Our data are in accordance with these
findings.These results can be attributable to the use of sodium
carbonate and sulfate that reduce the bacterial colonization.
Thebioluminometer values recordedwere in accordancewith
the results reported in the literature. Nevertheless biofilm
continued to be present, even if in low concentration, in
particular on the internal surfaces. This, potentially, could
give rise to different problems: discoloration of the aligners,
an unpleasant odour, and interaction with bacteria already
present in the oral cavity. Low reported with SEM is the
colonization of invisible aligners; this study described an
organized growth of biofilm on the aligners’ surfaces, in
particular localized on more recessed and sheltered areas of
the appliance, such as the cusp tips and attachment dimples
[21]. Peixoto et al. performed a microbiological analysis to
quantitatively evaluate the presence of S. mutans on the
surfaces of removable orthodontic appliances. The study
involved a 3-week cycle, with 1-week intervals between the
weeks. During each week, three different groups of patients
each followed three appliance-cleaning methods: (1) tooth
brushing + baseplate brushing + sterile tap water spraying
once a day; (2) tooth brushing + baseplate brushing + spray-
ing with a 0.20% CHX-based solution on the seventh day
after appliance placement; and (3) tooth brushing baseplate
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brushing + spraying with a 0.20% CHX-based solution on
the fourth and seventh days after appliance placement. At the
end of eachweek, the bacterial load of three randomly chosen
appliances, one for each cleaning protocol, was analysed
under SEM. Bacterial biofilm was detected on the surfaces
of all the devices; the quantity of S. mutans on the surfaces
treated with 0.12% CHX spray was lower than the prevalence
of S. mutans detected on the H

2
O spray-treated surfaces

and no significant difference was found between the two
CHX spray protocols. It has been demonstrated and it is
widely accepted that themost effective cleaningmethodmust
be still identified [22]. A study evaluated the feasibility of
the removable thermoplastic appliance to adsorb hygienic
solution and inhibit bacterial growth in culture and, in
vivo, examined the efficacy of three hygiene protocols in
reducing bacterial biofilm adherence (brushing, immersion
in chlorhexidine mouthwash, and using a vibrating bath with
cleaning solution). In vitro results showed the impossibility of
thermoplastic appliance to adsorb substances that reduce the
bacterial colonization, such as chlorhexidine. In vivo results
showed that chlorhexidine and vibrating bath with cleaning
solution significantly reduced baseline biofilm adherence
[23]. Gracco et al. studied short-term chemical and physical
changes in Invisalign appliance; morphological and struc-
tural variation occurred after their use [24]. Aligners worn
for 14 days had microcracks, abraded and delaminated areas,
localised calcified biofilm deposits, and loss of transparency.
These alterations could induce the ecological contamination
of aligners, such as for other removable orthodontic devices.
A recent trial showed a similar result on the surface of Essix
retainers, thus showing the bacterial colonization of remov-
able orthodontic appliances [25]. Furthermore an analysis
on the most appropriate modality of decontamination of
appliances was carried out. The bacteria analysed in this
study were S. mutans and S. sanguis, Actinomyces naeslundii,
methicillin-resistant Staphylococcus aureus, and Candida
albicans.Thenecessity of brushing Essix appliance, associated
with the use of chemical antimicrobial method of sanitation,
appears useful to reduce the bacterial count on appliances.
Further studies should focus on the use of ultrasonic device
for the hygienization of removable orthodontic appliances.
In fact, according to some authors, the mechanical action of
ultrasonic devices on dental devices may give good results
even in the absence of any chemical action [26–29].

5. Conclusions

Within the limit of this study we can state that

(i) the use of sodium carbonate and sulphate effervescent
tablets combined with the mechanical debridement
resulted in being the most effective cleaning method;

(ii) the bioluminometer resulted in being a reliable tool
for preliminary investigation of bacterial coloniza-
tion.

Further studies should investigate the use of ultrasonic
devices for the cleaning of Invisalign aligners.
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Objectives. The aim of this study was to analyse by means of FEA the influence of 5 custom RAI designs on stress distribution
of peri-implant bone and to evaluate the impact on microdisplacement for a specific patient case. Materials and Methods. A 3D
surface model of a RAI for the upper right canine was constructed from the cone beam computed tomography data of one patient.
Subsequently, five (targeted) press-fit design modification FE models with five congruent bone models were designed: “Standard,”
“Prism,” “Fins,” “Plug,” and “Bulbs,” respectively. Preprocessor software was applied to mesh the models. Two loads were applied:
an oblique force (300N) and a vertical force (150N). Analysis was performed to evaluate stress distributions and deformed contact
separation at the peri-implant region. Results. The lowest von Mises stress levels were numerically observed for the Plug design.
The lowest levels of contact separation were measured in the Fins model followed by the Bulbs design. Conclusions. Within the
limitations of the applied methodology, adding targeted press-fit geometry to the RAI standard design will have a positive effect on
stress distribution, lower concentration of bone stress, and will provide a better primary stability for this patient specific case.

1. Introduction

With technological advances in the field of implant den-
tistry novel treatment modalities and more efficient options
became available. The custom 3D printed root analogue
implant (RAI) as defined by Anssari Moin et al. [1, 2]
and Figliuzzi et al. [3] is a futuristic treatment option for
immediate implantation and immediate loading cases for a
soon to be removed tooth. Advantages of the RAI technique
when compared to conventional screw shaped multipiece
implants may encompass more cost efficiency, one-piece
implant, and minimal traumatic surgical intervention [1–6].

An essential factor for realization of all implant-based
prosthetic reconstructions is successful osseointegration of
the implant. In particular, primary stability plays a funda-
mental role in one-stage implant surgery with or without
immediate loading [7]. Conventional screw type implants
achieve primary stability through mechanical fixation by

implant threads in bone [8]. Numerous studies on the factors
influencing primary stability (implant shape specifications,
surface modifications, bone quality, and surgical technique)
and the effect on the process of osseointegration have been
performed [8–11]. However, primary stability for the RAI
technique is based on the (targeted) press-fit phenomenon
for achieving successful osseointegration [1–3, 6]. Since the
custom RAI is based on Cone Beam Computed Tomography
(CBCT), Computer Aided Design (CAD), and 3D printing
technology an unlimited array of designs for this custom
implant approach is available. Every RAI design option aimed
at increasing initial mechanical stability for the root part of
the RAI will have a different biomechanical effect on the sur-
rounding bone and influence on the relative microdisplace-
ment at bone-to-implant interface consequently leading to
diverse osseointegration results, bone resorption, or failures.

Finite Element Analysis (FEA) has become an effective
method in investigating bone stress/strain around implants
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Figure 1: Segmentation and preparation of the RAI. Coronal (a), axial (b), sagittal (c), and 3D (d) views.

and relative microdisplacement between bone-to-implant
interfaces [12]. However, as with all FEA studies the analysis
is confined to a limited amount of factors and designs and
cannot be generalised, specifically not for individual cases.
Thus, the aim of this study is to analyse, with the means
of FEA, the influence of 5 custom RAI designs on stress
distribution of peri-implant bone and to evaluate the impact
on microdisplacement for a specific patient case.

2. Materials and Methods

2.1. Model Design. A patient (male, 64 years of age) present-
ing a profoundly decayed upper right canine was selected
and informed consent was obtained from the patient. Based
on the method previously described by Anssari Moin et al.
[1, 2] a 3D surface model of RAI was constructed. In brief
the procedure was as follows: the patient was scanned with
the 3DAccuitomo 170 CBCT system (Accuitomo 170, 90 kVp,
5mA, 30.8 s, 4 × 4 cm Field of View [FoV], voxel 0.08mm3,
Morita Inc., Kyoto, Japan) using the recommended scan
protocol. Amira software (v4.1, Visage Imaging, Carlsbad,

CA) was used for image analysis. A region of interest limited
to the tooth and its surrounding was initially selected and a
threshold segmentation algorithm based on histogram anal-
ysis of grey values was used to separate the tooth (root and
crown) from surrounding bone and periodontium. Further
semiautomated segmentation based on slice-by-slice analysis
was implemented to enhance the segmentation by removing
any residual artifacts (Figure 1). The segmented dataset
was converted to 3D surface model using the marching
cube algorithm and saved in the standardized triangulation
language (STL) file format.

Based on the STL model five different (targeted) press-fit
design RAI FE models have been constructed using 3D CAD
software (Inventor�, Autodesk GmbH, Munich, Germany).
For the five RAImodels a Standard identical abutment, based
on morphological expectation of the original tooth crown
and measurements on neighboring teeth, was designed at
2mm distance coronal from the expected bone level after
implantation. Subsequently, the following (targeted) press-
fit design modifications were constructed: (1) nonmodified
Standard, (2) targeted press-fit Prism, (3) targeted press-fit
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Figure 2: 3D models of the 5 designs analyzed. Dimensions and notation of geometric properties are as follows: L: total implant length
26.90mm similar to all designs, W: maximum width of basic implant body 9.55mm, MBD: shoulder margin to bone (B) distance 2mm
for all models, PI: Prism maximum intrusion 0.85mm, PL: Prism maximum length 1.65mm, FP: Fins protrusion 0.80mm, FL: Fins length
12.90mm, TP: thread protrusion 0.30mm, TD: threadmaximumdistance 1.50mm, BP: Bulbs protrusion 0.50mm, BW: Bulbs width 0.55mm,
and Bl: Bulbs length 1.20mm.
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Figure 3: Overall illustration of a meshed model. The red vectors indicating the direction of the applied vertical (a) and oblique (b) forces.

Fins, (4) targeted press-fit Plug, and (5) targeted press-fit
Bulbs, referred to as “Standard,” “Prism,” “Fins,” “Plug,” and
“Bulbs,” respectively. Figure 2 shows the five designs with
description of the different geometrical characteristics.

Five bone models surrounding 3mm congruent to the
respective RAI models were built using Femap software (v.
11.0.1, Siemens PLM Software, Plano, TX, USA).

Finally, preprocessor software (Femap v. 11.0.1, Siemens
PLM Software, Plano, TX, USA) was applied to mesh the
models with quadratic tetrahedral solid elements (Figure 3).
Mesh refinement based on convergence analysis resulted in
a mesh size of 0.5mm. Table 1 summarizes the number of
elements and nodes for each model.

2.2. Material Properties, Interface, Constrains, and Loading
Conditions. The following assumptions were made for the

Table 1: Number of elements and nodes used in the 5 FE models.

Model Elements Nodes
Standard 235094 336907
Prism 212965 306454
Fins 211820 309433
Plug 389742 567419
Bulbs 371570 550137

RAI FE models: composition of a titanium alloy Ti6Al4V,
Young’s modulus 𝐸 = 110GPa, and Poisson’s ratio ] = 0.35
with the material being homogeneous, isotropic, and linearly
elastic [13, 14].

The bone models were constructed using a homogenous
isotropic linearly elastic material of 1mm inner cortical layer
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Standard 252 241 −50
Prism 217 61 −246
Fins 123 60 −81
Plug 82 44 −51
Bulbs 92 44 −57
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Figure 4: Comparison of the maximum von Mises equivalent stress (𝜎VM) and the tensile (𝜎𝑡) and compressive (𝜎
𝑐
) principal stresses under

vertical (a) and oblique (b) loading components in the 5 designs.

(Young’s modulus 𝐸 = 12.6GPa, Poisson’s ratio ] = 0.3, and
Shear modulus 𝐺 = 5.7GPa) and a 2mm outer trabecular
layer (Young’s modulus 𝐸 = 1.1GPa, Poisson’s ratio ] =
0.3, and Shear modulus 𝐺 = 0.07GPa) as proposed in the
reviewed literature [13, 14].

Bone-to-implant interfaces were assumed to be frictional
surfaces to represent a nonosseointegrated contact situation.
A Coulomb frictional method (coefficient of friction = 0.3)
was adopted to define linear contact behavior [14, 15].

Two loads were applied to simulate anterior bite force: an
oblique buccoapical force with a magnitude of 300N set on
135∘ to the long axis of the implant and a vertical force in apical
direction to the long axis of the implant with a magnitude of
150N, as shown in Figure 3 [16, 17].

The nodes in the outer surrounding layer of trabecular
bone were constrained in all directions (zero nodal displace-
ment).

2.3. Analysis. Numerical solving (Nastran v. 8.0, Siemens
PLM software, Plano, TX) and postprocessor analysis (Femap
v. 11.0.1, Siemens PLM software, Plano, TX, USA) was
performed on the meshed bone-implant models to evaluate
stress distributions on cortical and trabecular bone and
deformed contact separation (micromotion) at the peri-
implant region.

Based on previous research the following measurements
were recorded: the von Mises equivalent stress (𝜎VM) at the
bone peri-implant interface as a quantity of stress level for the
load transfer mechanism [12, 18–21], the tensile/maximum
(𝜎
𝑡
) and compressive/minimum (𝜎

𝑐
) principal stresses as a

criterion to evaluate the bone overloading [19, 20], and finally
deformed contact separation (micromotion in 𝜇m) as an
indicator for initial implant stability [22, 23].

3. Results

Figure 4 displays the averagemeasured stress values (inMPa)
of the principal and von Mises stresses at the supporting
tissues for all groups. Notably, on average the stress levels
caused by oblique loading were higher when compared to
vertical loading.

The Standard design RAI exhibited the highest von
Mises stress and highest minimum principal stress values
(highest compressive stress) under both loading conditions
(𝜎VM = 252 and 𝜎𝑐 = −50). The lowest von Mises stress
levels were numerically observed for the Plug design under
the different loading conditions (Figure 4(a), 𝜎VM = 82;
Figure 4(b), 𝜎VM = 168), indicating a reduction of 67.4%
and 33.3%, respectively, when compared to the Standard
design. Furthermore, the highest measured tensile stress in
cancellous bone was 4MPa for the Standard design (data not
shown).

Comparing behavior of von Mises stress distribution
caused by vertical (Figure 5(a)) and oblique loading (Fig-
ure 5(b)), it can be observed that the cortical peri-implant
bone exhibited greater stress concentration than trabecular
bone. In tension stress, concentrations can be noted at the
loaded side for the Standard and Prism under the oblique
loading component (Figure 6).

However, under the same conditions the Plug, Fins, and
Bulb designs showed tensile stress intensities on the lingual
side and in the buccal area of the protrusive extensions of the
design (Figure 6).

The apical peri-implant area indicated high von Mises
stress concentrations in all designs (Figure 7) and tensile
stress peaks under both loading conditions for the Standard,
Plug, and Fin designs. Comparison of theminimumprincipal
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Figure 5: Distribution patterns of von Mises stress under vertical (a) and oblique (b) loading components.
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Figure 6: Distribution patterns of the tensile principal stress under vertical (a) and oblique (b) loading components.

stress illustrated in all models the highest compressive stress
concentrations on the lingual side (Figure 8).

Table 2 shows the microdisplacement of the various RAI
designs from the peri-implant bone with respect to the load-
ing conditions. The highest magnitude of micromotion level
was measured in the Prism design, 32.10 𝜇m and 32.51 𝜇m
under vertical and oblique loading, respectively. Remarkably,
the lowest levels of contact separation were measured in
the Fins model followed by the Bulbs design under vertical
and oblique forces: 5.45𝜇m, 6.25𝜇m and 6.35 𝜇m, 6.42𝜇m,
respectively. Microdisplacement patterns were located at

Table 2: Micromotion measures (𝜇m) on the various models.

Model Micromotion (𝜇m)
under vertical loading

Micromotion (𝜇m)
under oblique loading

Standard 10.90 11.72
Prism 32.10 32.51
Fins 5.45 6.25
Plug 9.88 10.69
Bulbs 6.35 6.42
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Figure 7: Distribution patterns of von Mises stress in the cortical outer layer of the surrounding bone under vertical (a) and oblique (b)
loading components.
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Figure 8: Distribution patterns of the compressive principal stress under vertical (a) and oblique (b) loading components.

neck area in direction of the forces and in contra lateral
direction in the apical area in all designs (images not shown).

4. Discussion

In this study five different designs of RAI were analyzed for
stress-based biomechanical behavior for a specific patient by

means of finite element simulations. In the primary phase
of endosseous healing multiple biomechanical mechanical
factors play a role. The von Mises stress was used as an indi-
cator for the load transfer mechanism, principal stresses as
indicator to bone overloading and micromotion as indicator
for initial stability. Numerical results from the current study
suggest that adding targeted press-fit design characteristics
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to the Standard RAI design will decrease the amount of
maximum von Mises stress in the surrounding peri-implant
bone, subsequently leading to more favorable load behavior
for this patient. Previous studies have assumed maximum
bone strength as biological limit to bone failure and activation
of bone resorption [15, 19, 21]. Correspondingly, it has been
proposed that overloading of cortical bone occurs when the
maximum compressive principal stress exceeds −190MPa
and maximum tensile principal stress exceeds 130MPa [15,
19, 21]. Likewise, trabecular bone overloading will occur
when the compressive and tensile principal stresses exceed
−5MPa and 5MPa, respectively [15, 19, 21]. According to
the result of this study it has been found that solitary Prism
design exceeded the maximum compressive stress criterion
for cortical bone.The Standard, Fins, Plug, and Bulbs designs
exceeded the tensile stress threshold in cortical bone. The
threshold for trabecular bone overloading in tension was not
reached. However, when observing the compressive stresses
under oblique loading in trabecular bone, it can be noted
that in the regions of the implant neck all implant designs
exceeded the biological limit, inducing a risk to bone loss
(Figure 8). The Fins and Bulbs designs showed the lowest
levels of micromotion, indicating the most favorable primary
stability. Nonetheless, it must be noted that the influence of
micromotion on osseointegration is of scientific debate as
some studies have suggested a more positive effect on the
tissue differentiation and bone formation around implants
under controlled micromotion up to 50𝜇m [24]. Addition-
ally, in our study it has been found that the higher oblique
loading component causes more stress concentrations on
cortical and trabecular bone when compared to vertical
loading.Therefore, oblique loading in the primary stage after
implantation will have a more negative effect on bone healing
and should be minimized.

In this current study multiple drawbacks and limitations
should be named. The peri-implant surrounding bone was
modeled and assumed as a homogeneous, isotropic, linearly
elastic material. However, it is known that the biomechanical
behavior of this living tissue is heterogeneous, anisotropic,
and nonlinear [14, 19, 20]. Moreover, a 100% osseous contact
between implant and bonewas assumed.Contact relationship
between implant and bone was defined as linear contact
behavior by using a Coulomb frictional model. Although
contact behavior should be defined in a nonlinear method,
several studies are in agreement about adopting a linear
frictional model since non-linear contact analysis is highly
complex [14, 25]. In clinical situations the actual bone-to-
implant contact directly after insertion of the RAI will be
dependent on many factors, that is, accuracy of the RAI
technique on multiple levels, (periapical) bone defects, and
surgical handling. The quantity of in situ osseous contact
after implantation of the RAI will have profound effect
on primary stability and stress behavior. Furthermore, the
herein applied loads were static one directional loads of
amplitude of 150N (vertical) and 300N (oblique) whereas in
clinical situations considerably variable loads can be observed
depending on the location of the RAI in the oral cavity
and patient characteristics. Despite the fact that simulation
methods and FE modeling were beyond the scope of this

investigation, the current limitations can be considered as
acceptable in a numerical sense and are in agreement with
multiple studies [13, 14, 16, 17, 19, 25].

Especially with the rise of custom 3D printed implants
questions concerning biomechanical behavior in each spe-
cific patient surface. Ideally for future implementation of
custom 3D designed and printed implants easy accessible
individual patients specific FEA should be performed to get
a better understanding of the biomechanical behavior of
different implant designs for a specific case.

5. Conclusion

Based on the results of this study and within the limitations
of the applied methodology, it has been found that adding
targeted press-fit geometry to the RAI Standard design,
preferably Fins or Bulbs, will have a positive effect on stress
distribution and lower concentration of bone stress and will
provide a better primary stability for this patient case.
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We have developed a new orthodontic bracket with three slots with lubricative properties on the working surfaces and proposed
a new orthodontic treatment system employing 0.012−0.014-inch Ni-Ti arch wires. We recruited 54 patients, of which 27 received
treatmentwith the new zirconia bracketwithmultiple slots system (Mgroup), and the others received treatmentwith standard edge-
wise appliances (control group [C group]). We compared the (1) tooth movement rate at the early stage of leveling; (2) changes in
the dental arch morphology before and after leveling; and (3) pain caused by orthodontic treatment. Student’s 𝑡-test was used in
all assessments. The tooth movement rate in the maxillomandibular dentition was higher in the M group. The basal arch width,
anterior length, and the intercanine width in the maxillary dentition were not significantly different in the two groups; however,
the intercanine width in the mandibular dentition was higher in the C group. In assessments of treatment-related pain, the visual
analogue pain score was 56.0mm and 22.6mm in the C and M groups, respectively. A new zirconia bracket with multiple slots
system provided better outcomes with respect to tooth movement rate, treatment period, and postoperative pain, thus indicating
its effectiveness over conventional orthodontic systems.

1. Introduction

Orthodontic treatment involves the use of wires to apply
loads for tooth movement. It has been reported that when
the orthodontic force is weak and long-lasting, teeth move
quickly with less pain [1]. In this study, we developed a
new orthodontic bracket and proposed a new orthodontic
treatment system, in which 0.012−0.014-inchNi-Ti arch wires
are used.

We produced an orthodontic bracket with three slots,
using a zirconia firing working method that can add lubrica-
tive properties to the internal surface of the wire slots and
external surface of the brackets. A new zirconia bracket
with multiple slots was developed to shorten orthodontic
treatment time, relieve pain and discomfort, reduce the
restricted function of muscles around the oral cavity, and
promote cleansability and esthetics.

The purpose of the present study was to compare this new
orthodontic treatment system with conventional treatment
systems to clarify differences in the tooth movement rate,

clarify changes in the morphology of the dental arch at the
early stage of leveling, and assess the degree of pain caused
by orthodontic treatment.

2. Methods

2.1. Bracket Design (Figure 1)

2.1.1. Profile. The spherical structure of the bracket surface
and the slot torque is shown in Figure 1(a). The bracket
surface and the internal surface of the slots are smooth due
to the zirconia firing working method (Figure 1(b)). Torque
is symmetrically applied to both ends of the slot.Therefore, it
is unnecessary to change brackets according to tooth type.

2.1.2. Slots (Figure 1(c)). The size of the three square slots is
equal.

2.1.3. Base (Figure 1(d)). Strong bond strength can be
achieved by a mechanical interlocking force.
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Figure 1: (a) Spherical structure of the bracket surface and slot torque; (b) bracket surface (left) and internal surface (right) of slots (laser
microscope, magnification x100) (GC ORTHOLY CORPORATION, Tokyo, Japan); (c) slots (scanning electron microscope, magnification
x20); (d) base; and (e) size. Conventional brackets for the anterior tooth area (left) and a new zirconia bracket with multiple slots (right).

2.1.4. Size (Figure 1(e)). Because of the excellent strength
of zirconia, a small size and low profile could be used.
Furthermore, we succeeded in adding three slots.

3. Materials and Methods

3.1. Subjects. The subjects were 54 patients (15 males and
39 females) who visited the Department of Orthodontics
at the dental hospital attached to Showa University, from

whom consent for this research was obtained.This study was
performed after receiving approval from the ethics committee
at Showa University Dental School (approval number: 2007-
28).

Twenty-seven patients (7 males and 20 females aged
11−49 years, mean age: 21 years and 0 months), who received
treatment using the new orthodontic treatment system, were
classified into a new zirconia bracket with multiple slots
group (M group); and 27 patients (8 males and 19 females
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Figure 2: Irregularity index (sum of contact point displacements) (A + B + C + D + E).

aged 11−39 years, mean age: 21 years and 8 months), who
received treatment using standard edge-wise appliances, were
classified into a control group (C group). Regarding the M
and C groups, the following three items were compared.

3.2. Measurements with Plaster Casts. For plaster casts, hard
dental plaster for orthodontic treatment (ORTHO MAX,
SHIMOMURA GYPSUM Co., Ltd., Saitama, Japan) was
used. Measurement was performed using calipers with divi-
sions of 1/20mm. The mean of three measurements was
calculated.The same clinician performed eachmeasurement.

3.2.1. Tooth Movement Rate at the Early Stage of Leveling.
The irregularity index before and after leveling was calculated
from plaster casts (Figure 2). The completion of leveling
was judged using intraoral photographs and plaster casts. A
linear functional numerical expressing tooth movement was
achieved from the irregularity index before and after leveling
and the treatment period required until leveling completion
was determined. The gradient of the formula indicates the
rate of tooth movement, and when the gradient is large, the
rate of tooth movement is high. Regarding the irregularity
index after leveling completion, a permissible range was set
at a moderate irregularity of 4−6, in reference to the criteria
proposed by Little [2].

3.2.2. Changes in the Dental Arch Morphology before and after
Leveling. We measured the intercanine width (Figure 3(a)),
basal arch width (Figure 3(b)), and anterior length (Fig-
ure 3(c)) before and after leveling, and a comparison of the
extent of change between M and C groups was performed.

3.2.3. Pain due to Orthodontic Treatment. Pain was evaluated
based on individual interviews and the visual analogue scale
method [3]. A line of 100mm was drawn on an investigation
form, and patients marked the line to show the level of pain
they felt during the period of treatment, setting the left end
as no pain at all and the right end as unbearable pain. The
distance between the left end and the point indicating the
level of pain wasmeasured, and a comparison betweenM and
C groups was performed.

3.3. Statistical Analysis. Student’s 𝑡-test was used in all cases.

Table 1: Mean treatment period until leveling completion.

Days
Group C Upper 127.6 (𝑛 = 27)

∗

Group M Upper 79.7 (𝑛 = 24)
Group C Lower 139.4 (𝑛 = 25)

∗

Group M Lower 74.2 (𝑛 = 26)
∗

𝑃 < 0.05.

4. Results and Discussion

4.1. Tooth Movement Rate at the Early Stage of Leveling. The
linear functional formula expressing tooth movement is 𝑌 =
−0.05𝑋 + 8.87 in the C group and 𝑌 = −0.12𝑋 + 13.36 in the
M group in the maxillary dentition; and 𝑌 = −0.04𝑋 + 7.31
in the C group and 𝑌 = −0.09𝑋 + 9.47 in the M group in the
mandibular dentition (Figure 4). The gradient of the formula
indicating the rate of tooth movement was higher in the M
group than the C group in the maxillomandibular dentitions.

Furthermore, the mean treatment period was 127.6 days
in the C group and 79.7 days in the M group in the
maxillary dentition and 139.4 days in the C group and 74.2
days in the M group in the mandibular dentition (Table 1).
The tooth movement rate increased in the M group in the
maxillomandibular dentitions, in comparison with the C
group.

4.2. Changes in the Dental Arch Morphology before and
after Leveling (Figure 5). Regarding the basal arch width
and anterior length, no significant differences were noted
between the M and C groups. Furthermore, the intercanine
width showed no significant difference between the M and C
groups in themaxillary dentition; however, in themandibular
dentition, it increased in the C group in comparison with the
M group, showing a significant difference (Figure 6).

4.3. Pain due to Orthodontic Treatment (Figure 7). The dis-
tance indicating the level of pain was 56.0mm in the C group
and 22.6mm in the M group. Furthermore, 36.8% of patients
in the M group answered that no pain was present, and
five of 19 patients reported definite pain. Furthermore, two
subjects who had experienced the insertion of conventional
orthodontic appliances reported the marked alleviation of
discomfort.
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(a) (b)

(c)

Figure 3: (a) Intercanine width; (b) basal arch width; and (c) anterior length.

The fabrication of veneers, full and partial coverage
crowns, fixed partial dentures, posts and/or cores, primary
double crowns, implants, implant abutments, and various
other dental auxiliary components such as cutting burs,
surgical drills, extracoronal attachments, and orthodontic
brackets are all employed in the clinical application of
zirconia [4].The biotechnical characteristics of zirconia result
in high-quality materials with excellent biocompatibility and
aesthetic appearance [5]. Because patients wear orthodontic
brackets for months to years, smaller brackets that look
similar to natural teeth are preferred for their aesthetic, subtle
appearance, which helps patients feel more confident and
self-assured while undergoing treatment. Nonmetal brackets
offer the attractive combination of aesthetics and perfor-
mance [6]. Among dental ceramics, zirconia features superior
aesthetics and strength [7] and has been applied in the
fabrication of orthodontic brackets [8]. We sought to develop
brackets that were as small and thin as possible, by using three
slots to increase variation inmechanics. In these brackets, the
maximum wire size is 0.016−0.016 in for a continuous arch
wire and 0.016−0.022 in for a sectional arch wire. Mesiodistal
root uprighting and labiolingual torque were achieved with
Invisalign� or aligner systems [9].

To reposition teeth that have deviated from their normal
position, it is considered that the new orthodontic treatment
system can achieve a faster tooth movement rate than
conventional methods (Figure 8). It is believed that this is
because (1) a new zirconia bracket with multiple slots is
nonligated, (2) the internal surface of the slots is lubricative
because the bracket is produced by the zirconia firingworking
method, and (3) friction occurring in the wires is minimized

by using 0.012−0.014-inch Ni-Ti arch wires. Furthermore,
the involvement of load force applied by soft tissue in the
dentition is estimated. Although it was clarified by Frederick
[10] that the muscles surrounding the oral cavity and tongue
have an important relationship with the position of the
teeth, because the bracket surface structure of a new zirconia
bracket withmultiple slots is spherical, very small, and thin, it
is unlikely that it hinders their function. Furthermore, Blake
and Bibby [11] reported that the expansion of the mandibular
intercanine width increases the risk of relapse. From the
results of the present study, it is considered that because new
zirconia bracketwithmultiple slots appliesweaker forces than
conventionalmethods, leveling is possible without expanding
the mandibular intercanine width, and a more stable occlusal
condition can be achieved. On the other hand, in cases
requiring mesial movement of the molars and expansion,
improvements in the movement period and efficiency are
necessary.

Furthermore, in comparison with conventional ortho-
dontic treatment methods, patient-reported pain did not
readily occur as a result of using new zirconia bracket
with multiple slots. It is considered that this was not only
because the orthodontic force was low owing to the use
of 0.012−0.014-inch Ni-Ti arch wires, but also because the
friction occurring in the wire was minimal with new zirconia
bracket with multiple slots.

In the future, it will be necessary to reconfirm the
optimal load to move teeth in orthodontic treatment. This is
important to prevent tooth root resorption and performmore
effective tooth movement.
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Figure 4: Linear functional formula expressing tooth movement.
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Figure 6: Intraoral photographs before and after leveling completion in the M group.

5. Conclusion

The purpose of the present study was to clarify the properties
of new zirconia bracket with multiple slots regarding the
tooth movement rate, changes in the morphology of the
dental arch at the early stage of leveling, and pain caused by

orthodontic treatment, by comparing the new orthodontic
treatment system with a conventional treatment system. The
proposed new orthodontic treatment system showed a higher
tooth movement rate in the early stage of leveling, and the
mean treatment period until the completion of leveling was
significantly shorter.
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Background/Purpose. In terms of the detection of tooth diagnosis, no intelligent detection has been done up till now. Dentists
just look at images and then they can detect the diagnosis position in tooth based on their experiences. Using new technologies,
scientists will implement detection and repair of tooth diagnosis intelligently. In this paper, we have introduced one intelligent
method for detection using particle swarm optimization (PSO) and our mathematical formulation. This method was applied to
2D special images. Using developing of our method, we can detect tooth diagnosis for all of 2D and 3D images. Materials and
Methods. In recent years, it is possible to implement intelligent processing of images by high efficiency optimization algorithms in
many applications especially for detection of dental caries and restoration without human intervention. In the present work, we
explain PSO algorithm with our detection formula for detection of dental caries and restoration. Also image processing helped us
to implement our method. And to do so, pictures taken by digital radiography systems of tooth are used. Results and Conclusion.
We implement some mathematics formula for fitness of PSO. Our results show that this method can detect dental caries and
restoration in digital radiography pictures with the good convergence. In fact, the error rate of this method was 8%, so that it can
be implemented for detection of dental caries and restoration. Using some parameters, it is possible that the error rate can be even
reduced below 0.5%.

1. Introduction

Caries is a multifactorial disease that is induced by the
interaction among three factors, tooth, microflora, and diet.
Radiography is a useful technique for detecting carious
lesions as the caries process causes demineralization of
enamel and dentin. Lesion is observed in a diagnostic image

as a radiolucent (darker) zone since the demineralized area
of the tooth does not absorb as many X-ray photons as the
unaffected portion. Radiography is a valuable supplement to a
thorough clinical examination of the teeth for detecting caries
lesions.

Various morphologic phenomena, such as pits and fis-
sures, cervical burnout, and Mach band effect, and dental
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(a) (b)

Figure 1: (a) Teeth with no decay and restoration. (b) Three teeth with decay and restoration.

(a) (b)

Figure 2: Detection of dental caries and restoration by dentist: (a) safe, (b) restoration.

anomalies, such as hypoplastic pits and concavities produced
by wear, can mimic the appearance of a carious lesion [1–3].

Image processing has evolved since 1964. It has led to
creation of digital multispectral ground surface images used
in agricultural and forestry sectors. Frommid-1970s to 1980s,
the medicine has been evolved by invention of Comput-
erized Axial Tomography scanners (CAT scan) and mag-
netic resonance imagery (MRI). Printing industry is another
potential user of this technology. In addition, since entering
to entrainment world at the end of 1980s, digital image
processing has been common in this industry. By appearance
of machine vision, the world of industry has been constantly
evolving by robots. Purity in production of food vessels and
their mass production has led to spending more time and
cost on this technology. The high detection rate of decay
and restoration of tooth by dentist require the mechanized
systems with high quality and detection rate. Through such
mechanized systems, it is possible to control and communi-
cate with data in optimal databank and compare them with
valid values in real-time control units to provide the optimum
and fastest machine vision systems [4].

Sometimes we need to complete the detection and
restoration of teeth for a moment. Using the OCR frequent
images of a tooth, it is possible to detect its decay and
restoration in a fraction of a second.This is related to time of a
qualitative problem, and the new system stops and detection
process resumes once that problem is resolved [5]. The OCR
pictures show the location of tooth in mouth. A dentist starts

repairing the dental caries and restoration once he/she detects
its location in mouth (Figure 1) [6].

In the second section, we review the previous research
conducted in detection of dental caries and restoration and
image processing. In addition, we introduce works related
to detection with PSO or other algorithms in other fields of
study. In the third section, we explain briefly our proposed
method for detection of dental caries and restoration. In the
fourth section, we present the results obtained after running
our proposed model. Then, in the discussion section, we
describe results of experiment and limitation of PSOwith our
formulation for 2D and 3D. Last section is related to conclu-
sion.

2. Materials and Methods

Based on investigating previous works, no study was found
on intelligent detection of dental caries and restoration using
image processing and algorithms [5, 7]. No researcher has
researched in this area.

All of the detections were done by dentist, as a dentist
looks at picture and detects dental caries and restoration on
basis of his own experiences. Figure 2(a) illustrates detection
of one spot of dental decay and restoration (Figure 2) [6].

In another study, image processingwas applied for detect-
ing liquid level in bottle using some algorithms, rather than
PSO, which are not either popular or efficient (Figure 3) [6].
Figure 3 indicates detection of liquid surface level using this
algorithm [8, 9].
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(a) (b)

Figure 3: (a) Bottle of liquid. (b) Detection of surface level of liquid in bottle.

2.1. LOG Algorithm for Optimal Edge Recognition. The LOG
algorithm shows that the location of edge occurrence is
neither smooth nor thin. However, it is more efficient than
previous method on low signal over noise. The steps of LOG
algorithm can be summarized as follows [8, 9]: (a) convolving
of image 𝐼 by two-dimensional Gaussian function; (b) calcu-
lation of convolved image’s Laplace; (c) edge pixel for passing
from zero which is in 𝐿.

2.2. Algorithm Kani. Kani was assumed to be edge con-
ditional to white Gaussian noise. The edge detector was
considered with cannulation filter 𝑓, which distributes noise
and location of edge. Here, the problem is to determine a filter
that optimizes three criteria in recognition of a given edge.
Algorithm Kani [10] is as follows:

(a) Reading image 𝐼.
(b) Convolving on one-dimensional Gaussian cover with

𝐼.
(c) Gaussian first derivative in the directions 𝑥 and 𝑦.
(d) Convolved 𝐼 with 𝐺 along rows and bottom of

columns to obtain 𝐼
𝑥
and 𝐼
𝑦
, respectively.

(e) Convolved 𝐼
𝑥
with 𝐺

𝑥
to reach 𝐼

𝑥
and 𝐼
𝑦
with 𝐺

𝑦
to

have 𝐼
𝑢
.

(f) Finding results in any pixel.

3. Particle Swarm Optimization (PSO)

PSO algorithm was inspired from birds’ behavior in their
groups. This algorithm has fast and high convergence speed.

Therefore, it has been efficiently used in static environments.
Standard PSO algorithm has a population with 𝑚 mem-
bers, where each member is one potential solution in D-
dimensional space of the problem [11, 12]. In the standard
PSO algorithm, in the 𝑡 iteration, theD-dimension of rate and
situation of 𝑖 member vary according to (1) and (2), respec-
tively; 𝑤, 𝑐

1
, and 𝑐

2
are nonnegative real constant parameters;

and 𝑟
1
and 𝑟
2
are independent randomnumberswith uniform

distribution in the range of 0 to 1. Consider

𝑉
𝑑

𝑖
(𝑡 + 1) = 𝜔𝑉

𝑑

𝑖
(𝑡) + 𝑐

1
𝑟
𝑑

1,𝑖
(𝑡) (𝑃

𝑑

𝑖
(𝑡) − 𝑋

𝑑

𝑖
(𝑡))

+ 𝑐
2
𝑟
𝑑

2𝑖
(𝑡) (𝑃

𝑑

𝑔
(𝑡) − 𝑋

𝑑

𝑖
(𝑡)) ,

(1)

𝑋
𝑑

𝑖
(𝑡 + 1) = 𝑋

𝑑

𝑖
(𝑡) + 𝑉

𝑑

𝑖
(𝑡 + 1) . (2)

In FITNESS function, to obtain the threshold value for
detecting the lesions in specific point (the center of lesions)
based on the experience, we calculate an average of the
selected color of thewhole pixels of the image of human teeth.
Hence, we do not take into account the points around the
image of teeth which are not considered as the part of the
human tooth. We multiply this average by 20% to obtain the
threshold value for detecting the point where the lesions are
formed around it. Because the quality of pictures may change
by receivers, we alter this 20% to 1 to 3%, indeed 17% to 23%
using 𝛼 variable ((3) formula). By multiplying the specified
value by 𝛽 instead of 𝛼, the threshold value for the points
surrounding pixels can be found (formula (4)). Consider

Threshold 𝑋 = 𝛼 × 20

100
×

∑
𝑖=row
𝑖=1

∑
𝑗=column
𝑗=1

𝑝
𝑖,𝑗
; 𝑝
𝑖=1,...,row,𝑗=1,...,column ≥ 𝑎

∑
𝑖=row
𝑖=1

∑
𝑗=column
𝑗=1

count = count + 1; 𝑝
𝑖=1,...,row,𝑗=1,...,column ≥ 𝑎

, (3)

Threshold 𝑋 Around = 𝛽 × 20

100
×

∑
𝑖=row
𝑖=1

∑
𝑗=column
𝑗=1

𝑝
𝑖,𝑗
; 𝑝
𝑖=1,...,row,𝑗=1,...,column ≥ 𝑎

∑
𝑖=row
𝑖=1

∑
𝑗=column
𝑗=1

count = count + 1; 𝑝
𝑖=1,...,row,𝑗=1,...,column ≥ 𝑎

. (4)
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The threshold value (Threshold𝑋) for the central point is
always less than the threshold value (ThresholdAround) for
surrounding areas. Since this is the start point and end point
of lesion, the threshold value will be always higher than that
in other points, unless the lesion is improved.

For detecting the edges in four directions, we move pixel
by pixel and review the threshold value of surrounding points,
until a pixel is found with a threshold value higher than the
threshold value of surrounding points.We save the spacing of
these points to the central point (formula (5)). Then, we cal-
culate the average of all points within a certain range around
the central point (formula (6)). Consider

point
𝐴
= image (𝑋

𝑖
, 𝑋
𝑗
− const 1, :) ;

point
𝐵
= image (𝑋

𝑖
, 𝑋
𝑗
+ const 2, :) ;

point
𝐶
= image (𝑋

𝑖
− const 3,𝑋

𝑗
, :) ;

point
𝐷
= image (𝑋

𝑖
+ const 4,𝑋

𝑗
, :) ,

(5)

Avg point

=

∑
𝑖=𝑋𝑖+𝑑

𝑖=𝑋𝑖−𝑑
∑
𝑗=𝑋𝑗+𝑑

𝑗=𝑋𝑗−𝑑
𝑝
𝑖,𝑗

∑
𝑖=𝑋𝑖+𝑑

𝑖=𝑋𝑖−𝑑
∑
𝑗=𝑋𝑗+𝑑

𝑗=𝑋𝑗−𝑑
count avg point = count avg point + 1

.

(6)

By investigating some conditions one can recognize that
the central point can be the central point of lesion (formula
(7)).The conditions are as follows: (1) the color of considered
point should be lower than the threshold value. (2) The
average of whole points within a certain range around the
central point should be lower than the threshold value. (3)
The difference between horizontal and vertical edges should
be less than the threshold value separately, since this causes
not going further away from the main edge of the teeth. Last
part of FITNESS function is related to existence or nonexis-
tence of preapical lesion in 𝑋 point and around 𝑋 point (7).
Consider

Exist carious lesion

=

{{{{{{{

{{{{{{{

{

1; 𝐶
𝑥
≤ 𝑋
𝑖,𝑗
≤Threshold 𝑋 Around,

𝐶
𝑥
≤ Avg point ≤Threshold 𝑋 Around,

(|𝐴 − 𝐵| ‖ |𝐶 − 𝐷| ≤Threshold 𝑋 Around)

0; Other.

(7)

We explain some parameters below. The average points
around 𝑋 are Avg point. 𝑃, row, column, 𝑎 and count are
pixel (point) of picture, maximum row of picture, maximum
column of picture, point of carious lesions and restoration
teeth in picture, and number of selecting points for calcu-
lation. 𝑃

𝑖,𝑗
is color value of image(𝑖, 𝑗, 1) or image(𝑖, 𝑗, 2)

or image(𝑖, 𝑗, 3). 𝑋
𝑖,𝑗

is one point in place of image(𝑋
𝑖
, 𝑋
𝑗
,

1, . . . , 3) and 𝑋
𝑖
is value of 1, . . . , row, 𝑋

𝑗
is value of

1, . . . , column, and𝐶
𝑥
is constant value to avoid detection out

of tooth.

4. Results

In this section, study results are presented. Figure 4(b) shows
a tooth with no decay and restoration, while the one in
Figure 4(a) shows distribution of particles for detection of
dental caries and restoration. Also two pictures were taken in
the samemode. Figures 5, 6, and 7 showpresence of decay and
restoration in one tooth.

Through the experiments conducted in this research,
first the particles are distributed throughout the pictures for
diagnosis. Distribution of particles can be observed in (a) of
Figures 4, 5, 6, and 7. Secondly, particles start to move in any
picture. During running, PSO algorithm calculates value of
transferring for any particle.

After running the algorithm, if the carious lesions or
restoration is in teeth, PSO algorithm can recognize it and
identify its location. Figure 4 indicates a picture where there
are no dental caries and restoration, while Figures 5, 6, and
7 illustrate that three other pictures have one case of dental
caries and restoration. Our algorithm in Figure 4(b) does not
show any dental caries and restoration. In comparison, the
algorithm shows the place of dental caries and restoration for
Figures 5(b), 6(b), and 7(b) through a green line crossing a
yellow line.

The convergence of PSO is shown for 400 iterations in
Figure 8. The algorithm converges very fast between 1 and 50
iterations. In other words, convergence occurs very fast. After
that the rate of change is very slow for the next 400 iterations.
The rate of change exactly is between 0.1 and 0.5.

5. Discussion

It has been shown that when six people without having any
consultation with each other observe and interpret an X-ray
radiographic stereotype, only 50% of themwill have the same
opinions; moreover, when radiographs are shown to a person
at two different times, different interpretations are presented.
Hence, it is recommended that, in order to interpret the
radiographs, two independent people are used, and if there is
disagreement between them, they should consult with each
other to find an agreement, and if not so, one can ask a third
person to offer his/her opinion; in this case, differences will
be reduced from 50% to 25% [13].

Of mass particle swarm optimization (PSO) features, one
can refer to the system memory in this system, in which the
knowledge of proper solutions can be maintained by all the
particles; in other words, in the algorithm of mass particle,
every particle can benefit from its past information, while
there are no such behaviors and features in other evolutionary
algorithms. Also, in this algorithm, the populations are con-
nected with each other and they solve their problem through
the exchange of the information in a high speed convergence
way. Using PSO algorithm with the help of image interpre-
tation, the X-ray radiography processing error can be mini-
mized. The differences in the interpretations of X-ray radio-
graphies can be reduced from 25% to less than 8%, as well.
Moreover, it saves time and increases interpretation accuracy.
Our results show that this method can detect dental caries
and restoration in digital radiography pictures.The error rate
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(a) (b)

Figure 4: (a) Distribution of particles for detection of dental caries and restoration. (b) Teeth with no decay and restoration.

(a) (b)

Figure 5: (a) Distribution of particles for detection of carious lesion and restoration. (b) Detection of one tooth with decay (right) depicted
by green line crossed with yellow line.

(a)
(b)

Figure 6: (a) Distribution of particles for detection of dental caries and restoration. (b) Detection of one tooth with decay and restoration,
depicted by green line crossed with yellow line.

of this method was 8%, so that it can be implemented for
detection of dental caries and restoration by dentist, since the
error rate can be even reduced below 0.5%.

Therefore, we will do detection and repair of tooth diag-
nosis intelligently in the future.Thismethodwill come to help

some special robots for our area with ability of dental
lesions restoration without human intervention in the future.
According to the authors of this paper, introducing this
intelligent detecting lesions system in the future, as a result of
designing the robots, will create a more prominent role, and
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(a) (b)

Figure 7: (a) Distribution of particles for detection of dental caries and restoration (b) and detection of one tooth with restoration, depicted
by green line crossed with yellow line.
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Figure 8: Converge of PSO during 400 steps.

developing of this intelligent system will support the clini-
cians in dental offices.

This method was used for 2D special images. At this time,
it can find tooth lesions in Gary image. We also can apply
color 2D image, because we just need to change detection
value. But we did not apply it to 3D image for detection. We
need to develop this method for 3D image. Then we will test
on 3D images. If it has any problem, we will change some
parameters to solve this problem. Also we need to test more
different images that some different systems can take images
of teeth. Our method is not a new algorithm. In fact, we use
PSO algorithm and we have implemented the part of fitness
by our formula.

6. Conclusion

In this paper, the image processing technique was introduced
for some applications. One of these applications is the detec-
tion of dental caries and restoration.Therefore, we used both
of image processing methods and particle swarm optimiza-
tion (PSO) algorithm for detecting teeth decay and restora-
tion. We implemented some mathematics formula for fitness

of PSO. This idea helps us to solve this problem easily. Our
results show that this method can detect dental caries and
restoration in digital radiography pictures.The error rate was
8%, so that it is possible to use for detection of dental caries
and restoration by dentist. Using the addition of some param-
eters, it is possible that the error rate can be even reduced
below 0.5%. The convergence of this algorithm is good. But
we can have very fast convergence using combinatorial opti-
mization of some algorithms together. This method can be
potentially used for detection of dental caries and restoration
in the future. As the guideline for future works, the authors of
this work recommend working on detection of dental caries
and restoration using image processing and other popular
algorithms.
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Introduction. Surgical tooth extraction is a commonprocedure in dentistry.However, numerous extraction cases show a high level of
difficulty in practice.This difficulty is usually related to inadequate visualization, improper instrumentation, or other factors related
to the targeted tooth (e.g., ankyloses or presence of bony undercut).Methods. In this work, the author presents a new technique for
surgical tooth extraction based on 3D imaging, computer planning, and a new concept of computer-assistedmanufacturing.Results.
The outcome of this work is a surgical guide made by 3D printing of plastics and CNC of metals (hybrid outcome). In addition, the
conventional surgical cutting tools (surgical burs) are modified with a number of stoppers adjusted to avoid any excessive drilling
that could harm bone or other vital structures. Conclusion. The present outcome could provide a minimally invasive technique to
overcome the routine complications facing dental surgeons in surgical extraction procedures.

1. Introduction

Surgical extraction of broken and badly decayed teeth is rou-
tinely done through conventional technique (root sectioning,
bone cutting, and removal of dental and bony undercuts) [1].
This technique has proven fast and reliable; however, ideally,
it needs 3 X-rays (periapical radiographs): 1 preoperative for
evaluation of root curvature, angulation, or any root fracture;
1 intraoperative to check the accuracy of the extraction
procedure (e.g., complete root sectioning); 1 postoperative to
confirm complete removal of any remaining tooth structure
[2].

This technique still possesses some limitations; for exam-
ple, excessive bone cutting could lead to bone necrosis in the
related area. Also, the technique is considerably invasive in
areas related to vital structures (e.g., nerves and maxillary
sinuses) when applied on teeth with fused or angled roots [3].

In addition, this conventional technique relies on visu-
alization of the surgical field, which could be hindered in
case of bleeding, irritable patients, overlapping soft tissues, or
malaligned ormalpositioned teeth. It also has a relatively pro-
longed operative time and could be not applicable in patients
with limited mouth opening or incompliant patients [4].

While the use of 3D imaging, scanning, virtual designing,
planning, and printing in dentistry has been increasing in the
past decades, especially in dental implantation, the concept
of printing of hybrid objects (metal and plastics) is limitedly
applied in the medical and dental fields [5].

The aim of this work is to present a computer-assisted
technique (cutting guide and instruments) that could replace
the conventional surgical extraction.

2. Methods

For a patient undergoing surgical extraction for single ormul-
tiple teeth, a model is firstly done (impression and gypsum
pouring) to validate the accuracy of the final outcome extrao-
rally before proceeding with the surgical procedure. Then,
the patient is directed to perform digital radiograph (CT or
CBCT). The 3D images are firstly segmented so that teeth,
bone, and other structures are differentiated.

Treatment planning is done according to 3D data col-
lected from the radiographs, that is, accurate determination
of the position, alignment, and inclination of teeth/roots.
Also, bone density overall and in targeted areas could be
determined from 3D radiographs.
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Figure 1: Surgical stent fabricated for extraction of remaining roots
of mandibular first molar.

Finally, vital structures such as nerves and sinuses adja-
cent to the proposed tooth/teeth for extraction are located.

The important aspects of the roots to be extracted are
their position, angulation, and proximity to bone and other
structures as well as their length and bifurcation/trifurcation
depth [6].

The planning is done to provide cutting slots for the
surgical burs to reach the roots, bone, and root-bone interface
in optimal orientation. These cutting slots are designed to
allow the drills to pass exactly and accurately in theweak areas
between the roots as could be obtained from the 3D radio-
graphs [7].

The weak areas are more likely to be in the junction
between roots (Figure 1): in the lower molars, one cut in the
line of junction between the mesial and distal roots, while in
the upper molars, 3 cuts in the lines of junction between the
mesiobuccal and distobuccal roots, between the mesiobuccal
and palatal roots, and between the distobuccal and palatal
roots.

Moreover, in case of existing bony undercut between one
or more roots with the proximal bone, more cutting slots
could be designed to make the drills pass accurately and
undertake osteotomy to relieve any pressure in this area.

The cutting slots are designed as empty lines, points, or
areas on the virtual stent corresponding to the cutting areas.
The designing could be done by specifying the areas to be
fabricated ofmetals and the rest of the stent to be fabricated of
plastics. The surgical guide is designed with assuring the sta-
bility and extension of the stent and involvement of required
areas as well as smoothening of its margins to avoid injury
of the soft tissue due to friction.

Designing the plastic and metal components is done as
two separate parts to account for internal structures, as well
as include considerations for methods of fastening (jointing)
the parts together into a single component.

Then, the final design of the surgical guide is converted to
stl files, which are, in turn, transferred to special 3D printer
that is capable of printing plastics, milling metal, and fusing
metal and plastic material into one object.

The surgical guide is made of hybrid metal-plastic mate-
rial. Each material is durable enough and heat-stable to
withstand the mechanical forces during drilling and the heat
during preoperative sterilization. The metal components are
NiTi or stainless steel; while the plastics are polyamide nylon.
The materials used do not result in any debris during drilling

Figure 2: Hard stopper added to the cutting tool to determine the
depth of cutting.

or cutting that could contaminate the surgical field and delay
healing of the extraction socket.

In another step of the technique, and according to mea-
surements obtained from the 3D radiographs, hard plastic
stoppers could be added to the drill to determine the depth of
cutting (Figure 2) to avoid undesired overcutting (especially
in depth dimension).

The surgical guide is adapted onto the master model to
validate its fitting; then it could be sterilized preoperatively
with autoclave. The cutting stent is fixed onto the patient’s
maxillary or mandibular arch by either pins, screws, or
engagement into the dental or bone undercuts. Cutting could
be done within the cutting slots by dental drills or burs with
the depth stoppers. Cutting aims at freeing all possible under-
cuts around the targeted tooth that could resist the extraction
procedure. Tooth extraction is completed safely by normal
curved forceps or elevators.

3. Results

The surgical guide is specifically tailored for each patient with
one or multiple teeth that need surgical extraction. The final
outcome is a surgical guide that is fabricated to provide an
access toward the surgical field. Visibility is not as important
as the stent is capable of providing direct access to the
target area. Surgical extraction using the surgical guide could
minimize postoperative bleeding, tissue laceration, and pain.

4. Discussion

This work aims to exploit the currently evolving 4D printing
technology which merges metallic and nonmetallic materials
into one component or object. It also aims to ease surgical
extraction procedure for dentists/oral surgeons and to reduce
the pain that is usually associated with such procedure
through planning the cutting direction, depth, and incli-
nation on computer and then transferring these data into
physical objects (templates and instrumentation) and to avoid
uncalculated bone cuttings or teeth sectioning done in the
procedures.

The proposedmethod is similar to fabricating the surgical
guides routinely used for dental implants, as digital treatment
plan is firstly performedwith the data acquired fromCT scan;
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a master model is created with extraction site determined
prior to planning; segmentation of bone, teeth, and soft
tissues is done on the digital scan.

Other geometric features are determined, including posi-
tion and size of the target tooth for extraction as well as root
angulation, inclination, and depth and the preferable drilling
options [8]. Virtual evaluating of the treatment plan should be
done prior to printing the splint and must be discussed with
the surgeon performing the extraction procedure. However,
modifying the treatment plan to simulate the tooth extrac-
tions or bone modifications should be done if necessary.
Optionally, the surgical guide could be manufactured based
on themastermodel; but, in the proposedmethod, themaster
model is used only for validating the final outcome [9].

Bone structure is segmented fromCT image data, and the
cutting slots on the guide are virtually added onto the soft
tissue, bone, and tooth structures with parameters reflecting
the treatment plan.Themost important vital structure related
to the maxillary jaw is the maxillary sinus, while, for the
mandibular jaw, the nerve channels are of importance [10].

A model of the soft tissue can be further created from CT
scan or optical scan to be united with or trimmed by jaw bone
structure to give more detailed description of the surgical
field. The thickness of soft tissue is digitally created and
visually inspected; it should be equal to the distance between
the cutting guide and the patient’s jaw bone; calculation of
soft tissue thickness is done by computing and analyzing this
distance. The final outcome (surgical guide) has 2 surfaces:
one fitting surface toward the patient’s anatomy and an
outside surface, which have to be checked against the master
model before application in the surgery [11].

It is worth mentioning that advancing CAD/CAM and
imaging technologies have enabled clinicians to analyze
patients’ anatomy and to manipulate areas that need skele-
tal reconstruction. It has been used for maxillofacial and
implant procedures such as maxillary-sinus augmentation
with reportedly high precision [12].Moreover, in light of sinus
augmentation procedures, the present method is similar to
the guided bone-grafting and bone-reconstructive surgery
which aim to reduce mental navigation and to replace the
conventional surgical methods. The use of CT scanning
and stereolithography has produced accurate and predictable
results and enhanced the outcome of dental implant proce-
dures [13].

One limitation of this work is that it relies on sophis-
ticated 3D designing and needs special 3D printing and
milling machines. However, depending on the components’
shape considerations, each part of the surgical guide could
be created with a different setup. When designing such
components, some major differences between 3D printing
(an additive process) andCNCmilling (a subtractive process)
should be considered. Additive processes build layer by layer
and therefore have very little problem building internal struc-
tures. So, internal mesh, cavities, tubes, and the like inside
a relatively seamless, solid piece (considering overhangs and
support structures, here) could be created, but some formu-
lations of plastics will not be available in 3D printer filaments
coinciding with the metal part. The subtractive process,
CNC milling, will provide more material flexibility, but it

will require considering the shape of the components more
carefully for the fabricationmethod. Softmetals like brass and
aluminum could be used more accurately with relative ease,
and could be milled through nylon easily. As milling is a sub-
tractive procedure, it cuts from the outside of amaterial to the
inside; that is, the procedure will be similar to cutting from a
direction, rather than building layer by layer, so it could be
difficult to get at the inside of the material without clearing
away more material to have access to the internal portions
of the components.

Another limitation of this methodology is the fact that
it needs prolonged time compared to the routine surgical
extraction done in dental facilities. However, considering the
accurate cutting the surgical guide could provide and the less
tissue injury due to trauma, tissue laceration, or uncalculated
drilling, using this technique could compensate for the
long time for achieving CT scans as well as designing and
fabricating the cutting guide to complete the procedure [3].
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Statement of the Problem. The clinical significance of condyle-fossa relationships in the temporomandibular joint is a matter
of controversy. Different studies have evaluated whether the position of the condyle is a predictor of the presence of
temporomandibular disorder.Purpose.Thepurpose of the present studywas to investigate the condylar position according to gender
in patients with temporomandibular disorder (TMD) and healthy controls using cone-beam computed tomography.Materials and
Methods. CBCT of sixty temporomandibular joints in thirty patients with TMD and sixty joints of thirty subjects without TMJ
disorder was evaluated in this study.The condylar positionwas assessed on the CBCT images.The data were analyzed using Pearson
chi-square test. Results. No statistically significant differences were found regarding the condylar position between symptomatic
and asymptomatic groups. Posterior condylar position was more frequently observed in women and anterior condylar position
was more prevalent in men in the symptomatic group. However, no significant differences in condylar position were found in
asymptomatic subjects according to gender. Conclusion. This study showed no apparent association between condylar positioning
and clinical findings in TMD patients.

1. Introduction

The temporomandibular joint (TMJ) is one of the most com-
plex joints in the bodywhich is located between themandibu-
lar condyle and the temporal bone [1, 2]. The radiographic
joint space is a radiolucent area between the mandibular
condyle and the temporal bone [3]. Joint spacemeasurements
were introduced by Ricketts to describe condylar position
[4]. The condylar position can be determined by the relative
dimensions of the radiographic joint spaces between the
glenoid fossa and the mandibular condyle [3].

The clinical significance of condyle-fossa relationships
in the temporomandibular joint is a matter of controversy
[5]. Some studies have suggested an association between

eccentric condylar position and temporomandibular disorder
(TMD) [6–9]. These studies have suggested therapeutic pro-
cedures to optimize the condylar position in some patients
[6, 10, 11]. However, other studies failed to demonstrate
significant association between the condylar positioning and
the incidence of TMD [12, 13].

Various radiographic methods have been used in previ-
ous studies to determine condylar position such as plain film
radiography, conventional tomography, computed tomogra-
phy, cone-beam tomography, and magnetic resonance imag-
ing [5, 14–18]. Cone-beam computed tomography (CBCT)
is the modality of choice for the assessment of temporo-
mandibular osseous structures [19]. In the present study, the
observers have used CBCT to study condylar positioning.
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The aim of the present study was to investigate the condylar
position according to gender in patients with TMD and
healthy controls using CBCT.

2. Materials and Methods

This study was carried out at the Department ofMaxillofacial
Radiology at Shiraz Dental University in Shiraz, Iran. An
expert radiologist examined the participants and divided
them into two groups including symptomatic group and
asymptomatic group. The symptomatic group consisted of
30 patients (20 females and 10 males) aged 20 to 42 years
(mean 33/4 years) with clinical signs and symptoms of TMD
such as joint pain, muscle pain, mouth-opening limitation,
joint noise (click or crepitation), and nonharmonic move-
ments of the joint who were referred to the Department
of Maxillofacial Radiology for the treatment of TMDs and
required CBCT for more investigation. The asymptomatic
group consisted of 30 adults (18 females and 12 males)
who had no temporomandibular symptoms and no history
of occlusal equilibration or masticatory disorders referred
to our department for reasons other than TMJ problems.
The age of the patients in the control group ranged from
15 to 34 years (mean 24 years). In the control group,
the patients who had any evidence of TMD in clinical or
radiological examination were excluded from the present
study. In both groups, the exclusion criteria were the presence
of any congenital abnormalities and/or any systemic disease
which could affect joint morphology such as rheumatoid
arthritis.

All the participants took part voluntarily in this study and
the written consent forms were taken from each of them after
being informed about the nature of the study in detail. The
study was approved by the local Ethical Committee of Shiraz
Dental School.

2.1. CBCT of the TMJ. TheCBCT scans of bilateral TMJswere
performed by a NewTom VGi (QR Srl, Italy) with a field of
view 15 cm × 15 cm. The exposure factors were 120 kv, 5mA,
and exposure time of 5 seconds. The subjects were standing
and biting their teeth into maximum intercuspal position.
Their heads were positioned with the Frankfurt plane parallel
to the floor.

2.2. Condylar Position Assessment. The axial view, in which
the condylar process had the widest mediolateral diameter,
was chosen as the reference view for secondary reconstruc-
tion. On this selected axial view, a line parallel to the long
axis of the condylar process was drawn and lateral slices
were reconstructed with 0.5mm slice interval and 0.5mm
thickness (Figure 1(a)). On the central sagittal section, an
expert maxillofacial radiologist measured the values of the
narrowest posterior (𝑃) and anterior (𝐴) joint space accu-
rately using NewTom NNT analysis software (Figure 1(b)).
Condylar position was expressed by the following formula
according to the method of Pullinger and Hollender [20]:

condylar ratio = 𝑃 − 𝐴
𝑃 + 𝐴

× 100. (1)

(a) (b)

Figure 1: Linear measurement of anterior (𝐴) and posterior (𝑃)
subjective closest joint spaces in a sample patient. (a) Axial view;
(b) sagittal view.

Figure 2: Posterior condylar position in a sample patient in the
symptomatic group.

The position of the condyle was considered concentric if the
ratio was within ±12%. If the ratio was smaller than −12%,
the condylar position was considered posterior and if the
ratio was greater than +12%, the condyle was considered in
an anterior position (Figures 2 and 3).

2.3. Statistical Analysis. All data were analyzed with the SPSS
program (SPSS 15.0, IBM, Chicago, IL, USA). The statistical
analysis was performed using Pearson chi-square test to
compare the condylar positions between two groups at the
significance level of 0.05. To assess the significance of any
errors during measurement, all images were revaluated over
one-week interval.Themean difference between the first and
second measurement was analyzed using paired 𝑡-test. The
level for significance was set at 𝑃 < 0.05.
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Figure 3: Anterior condylar position in a sample patient in the
symptomatic group.

3. Results

There were no significant differences between dual measure-
ments. The means of these two measurement values were
used tominimize the error in identifying the reference points.

In the asymptomatic group, the frequency of posterior
position was 25%, concentric position 38.5%, and anterior
position 36.7%. In the symptomatic objects the incidence of
posterior condylar position was 38.3%, concentric position
36.7%, and anterior position 35% (Table 1). There was no
significant difference between the symptomatic and the
asymptomatic groups for condylar position (𝑃 value = 0.22).
Distribution of the condylar position in the symptomatic
and asymptomatic groups according to gender is summarized
in Table 2. No significant differences in condylar position
between men and women were found in the asymptomatic
subjects (𝑃 value = 0.757). The condylar position in the
symptomatic group was significantly different in men and
women (𝑃 value< 0.05) (Table 2). Posterior condylar position
is significantly more prevalent in women (50%) and anterior
condylar position more prevalent in men (55%).

4. Discussion

The clinical significance of condyle-fossa relationships in
the temporomandibular joint is a matter of controversy [5].
Some studies have suggested eccentric condylar position is
associated with temporomandibular disorder [6–9]. The aim
of this study was to evaluate the condylar position according
to gender in patients with TMD and healthy controls using
CBCT.

Different radiographic techniques including conven-
tional radiography [15], conventional tomography [18], com-
puted tomography [1], MRI [14, 16, 17], and cone-beam
computed tomography [5, 14, 21] have been used to study
the condylar position in the glenoid fossa and the articular
eminencemorphology. Previously conventional radiography,
especially transcranial radiography, has been used to assess
condylar position andmorphology [7].However, transcranial

Table 1: Distribution of condyle position in the symptomatic and
asymptomatic group.

Group Condylar position
𝑃 value

Posterior Concentric Anterior
Asymptomatic 15 (25.0%) 23 (38.3%) 22 (36.7%) 0.22
Symptomatic 23 (38.3%) 16 (26.7%) 16 (26.7%)

radiographs only represent the lateral third of the condyle.
Therefore the reliability of these radiographs or assessing
condylar position is questioned. Some researchers used
conventional tomography to evaluate condylar position in
the glenoid fossa [20]. However because slice thickness is
large ranging between 1.0 and 3.0mm, it does not repre-
sent the margins of joint structure as clearly as CT and
CBCT [22].

The recently developed CBCT represents the joint struc-
tures with high accuracy which produces submillimeter
spatial resolution as high as or even superior to spiral CT
[23, 24]. Kobayashi et al. reported that the measurement
error in CBCT was significantly less than spiral CT [24]. The
bony component can be visualized in 3 planes without any
superimposition, distortion, or magnification [25, 26]. CBCT
has the advantage of reduced radiation dose and shorter
scanning time compared with CT [27]. Therefore, CBCT has
been used in the present study.

In studies that used transcranial radiographs actually
the most lateral part of the joint is evaluated. Rammelsberg
et al. selected three tomograms including central, 3mm
more lateral, and 3mm more medial and measured data in
tomograms [28]. Ikeda and Kawamura evaluated joint spaces
on the central cuts of joints within 3.5mm range medially
and laterally to the central cut in CBCT [29]. They found
that landmark identification outside this range was default
because of the glenoid fossa anatomy.They also suggested that
therewere not significant differences in the joint spaces in this
section [29].Therefore we only considered the central slice of
sagittal section of condyles in order to simplify analyzing the
data.

There is a controversy over the clinical significance of
condylar position [5]. Many studies have reported noncon-
centric condylar position in association with disk displace-
ment [14, 17], osteoarthritic changes [5], remodeling of the
articular eminence and the condyle [30], and predisposition
to arthrosis [31]. Nonconcentric condylar positioning is seen
in one-third to one-half of asymptomatic volunteers [3].
On the other hand, concentric positioning in patients with
TMD has high prevalence [32]. Aggressive condylar reposi-
tioning therapies are frequently performed to reestablish the
mandibular condyle in an optimal position [6, 10]. However,
according to the present study, condylar eccentricity is not
a sufficient evidence for diagnosis of TMD and besides the
evaluation of TMJ clinical symptoms and assessment of
condylar eccentricity, additional investigations are required
before a therapeutic change is performed.

Some studies represented no significant association
between condylar positioning and clinical findings [12, 33,
34]. However, many studies showed significant difference in
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Table 2: The condylar position in the symptomatic and asymptomatic groups according to gender.

Group Sex Condylar position
𝑃 value

Posterior Concentric Anterior

Asymptomatic Female 10 (27.8%) 14 (38.9%) 12 (33.3%) 0.757
Male 5 (20.8%) 9 (37.5%) 10 (41.7%)

Symptomatic Female 20 (50%) 10 (25%) 10 (25%) 0.020∗
Male 3 (15%) 6 (30%) 11 (55%)

∗A 𝑃 value less than 0.05 was considered statistically significant.

the condylar positions in patients with TMD and asymp-
tomatic subjects [27, 35]. Cho and Jung found concentric
condylar position was more common in the asymptomatic
group and posterior condylar position was more frequent in
the symptomatic group [5]. Paknahad and Shahidi reported
posteriorly seated condyles in patients with severe TMD
and anteriorly and concentric seated condyles in patients
with mild to moderate TMD [36]. Lelis et al. evaluated the
condyle-mandibular fossa relationship in young individuals
with intact dentitions and compared it to that between indi-
viduals with and without symptoms of temporomandibular
disorder using CBCT [37]. They concluded that the presence
or absence of temporomandibular disorder was not corre-
lated with the condyle position in the temporomandibular
joint which was similar to our findings.

In some previous studies asymptomatic groups repre-
sented more posterior condylar position in women and
more anterior positions in men [20, 38]. Madsen found in
the transcranial radiographs of asymptomatic adults that
women and men were more likely to present posterior and
anterior condylar positioning, respectively [39]. However in
the present study, no significant difference in condylar posi-
tion was found between men and women in asymptomatic
subjects. Similarly some previous studies found no significant
sex difference in condylar position joint spaces in normal
joints [35, 40]. Ikeda and Kawamura found no significant
sex difference in joint spaces, using CBCT in symptom-free
subjects [29].

On the other hand in the symptomatic group poste-
rior condylar position in women and anterior position in
men were noticed. Some authors have reported an associ-
ation between posterior condylar positioning and internal
derangement [14, 16]. Higher incidence of posterior condylar
position in women may be the etiological factor for prepon-
derance of TMD and disk instability in women.

In this study the subjects who had history of occlusal ther-
apy, prosthodontics treatment, and any systemic disorders
such as rheumatoid arthritis were not included because these
factors could affect the condylar morphology and position.

The present study did not demonstrate any significant
differences in condylar position between symptomatic and
asymptomatic groups. However several different factors such
as radiographic technique used, accuracy of clinical exam-
ination, sample size, and the method of condylar position
measurement can influence the results. Therefore, further
investigations for assessing the correlation between temporo-
mandibular disorder and condylar position are necessary.
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