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Glossary

ANOVA: Analysis of variance.
BL: Bone loss.

BOP: Bleeding on probing.

CIR: Crown-to-implant ratio.

CP: Commercially pure.

Fmax; Maximal compression force.
IP: Implantoplasty.

ISO: International Organization for Standardization.
mm: millimetre.

N: Newton

PI: Peri-implantitis.

PTFE: Poly-tetra-fluoro-ethylene
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Abstract (English)

Title: Mechanical resistance to fracture of narrow platform dental implants submitted to
implantoplasty with different bone levels and crown/implant ratios. An in vitro study.
Introduction: Peri-implantitis is an inflammatory condition that affects soft and hard
tissues around dental implants and that can lead to implant failure. Implantoplasty is a
procedure that allows implant surface decontamination by removing the implant threads
and smoothening its surface, thus limiting disease progression. Bone loss associated with
peri-implantitis will increase the clinical crown-to-implant ratio which, in turn, has been
reported to decrease implant resistance.

Hypothesis: Implantoplasty significantly reduces implant width and therefore decreases
its resistance to fracture, especially in the implant platform area. Moreover, lower bone
levels and higher crown-to-implant ratios negatively affect the resistance to fracture of
external connection 3.5-millimeter-wide platform implants with and without
implantoplasty.

Objectives: To determine the effect of implantoplasty in the mechanical resistance and
implant width reduction of external connection 3.5-millimeter-wide platform implants;
To determine if different bone levels and crown-to-implant ratios affect the resistance to
fracture of external connection 3.5-millimeter-wide platform implants with or without
implantoplasty and which part of the implant is more susceptible to fracture.
Methodology: Two in vitro resistance to fracture tests using 15-millimeter-long and 3.5-
millimeter-wide platform implants with hexagonal external connection were conducted
according to UNE-EN ISO 14801:2016. In the first test, 3 different crown-to-implant
ratios (abutment heights of 7.5 millimeter (mm), 11.25mm and 15mm) were tested
considering implants with 50% of bone loss. A total of 48 implants with (n=24) and

without (n=24) implantoplasty were divided into 6 different subgroups. In the second
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resistance to fracture test, a total of 32 implants with 2 different bone loss levels (3mm;
7.5mm), with (n=16) and without implantoplasty (n=16), were analyzed. The primary
outcome variable for both tests was the maximal compression force. A descriptive and
bivariate analysis of the data was performed.

Main results: Implantoplasty significantly reduced the width of the implant wall (p<0.05)
in all reference points and in both experiments. The maximal compression force was
significantly higher for both control and implantoplasty samples in 2:1 crown-to-implant
subgroup compared with the 2.5:1 and the 3:1 samples (P<0.001). Greater bone loss also
decreased the maximal compression forces, although this association was only significant
for the control implants (p=0.001).

Implantoplasty and control implants had similar maximal compression forces when
considering the mean total values in both resistance to fracture tests.

Both experiments showed that most fractures were located in the platform area.
Conclusions: Implantoplasty significantly reduces implant width and this does not seem
to significantly affect the resistance to fracture of external connection 3.5-millimeter wide
implants. Bone loss and clinical crown-to-implant ratio seem to be more relevant
variables when considering the fracture resistance of dental implants. Platform fractures

are the most frequent in this test conditions.
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Resumen (Castellano)

Titulo: Resistencia mecanica a la fractura de implantes dentales de plataforma estrecha
sometidos a implantoplastia y con diferentes niveles 6seos y ratios corona/implante.
Estudio in vitro.

Introduccion: La periimplantitis es una patologia inflamatoria que afecta a los tejidos
duros y blandos periimplantarios y que puede provocar el fracaso del implante. La
implantoplastia es un procedimiento que permite la descontaminacion de la superficie del
implante, eliminando sus espiras y reduciendo su rugosidad. La pérdida ésea asociada a
la periimplantitis aumenta el ratio corona-implante que, a su vez, puede reducir la
resistencia del implante.

Hipétesis: La implantoplastia reduce significativamente la anchura del implante y, por lo
tanto, su resistencia a la fractura, especialmente en la zona de la plataforma. Ademas, un
nivel dseo mas apical y un ratio corona-implante mas elevado afectan negativamente a la
resistencia a la fractura de implantes con conexion externa, de 3.5 milimetros de didmetro
con y sin implantoplastia.

Objetivos: Determinar el efecto de la implantoplastia sobre la resistencia mecéanica y
sobre la reduccion de la anchura de implantes con conexion externa y con una plataforma
de 3.5 milimetros. Determinar si los diferentes niveles 0seos y ratios corona-implante
afectan a la resistencia a la fractura de implantes con conexiéon externa y con una
plataforma de 3.5 milimetros con o sin implantoplastia y evaluar qué zona es mas
susceptible de fracturarse.

Metodologia: Se realizaron dos ensayos de resistencia a la fractura in vitro segun la
norma UNE-EN ISO 14801: 2016, utilizando implantes de 15 milimetros de longitud con
conexion externa hexagonal y con una plataforma de 3.5 milimetros de anchura. En la

primera prueba, se evaluaron 3 ratios corona-implante (alturas de pilar de 7.5 milimetros
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(mm), 11.25 mm y 15 mm) en implantes con 50% de pérdida 6sea. Un total de 48
implantes con (n = 24) y sin (n = 24) implantoplastia fueron divididos en 6 subgrupos
diferentes. En la segunda prueba de resistencia a la fractura, se analizaron un total de 32
implantes, con (n = 16) y sin implantoplastia (n = 16), con 2 niveles de pérdida ésea (3
mm; 7.5 mm). Se estableci6 como variable respuesta principal la fuerza maxima de
compresion. Se realizé un analisis descriptivo y bivariable de los datos.

Resultados principales: La implantoplastia redujo significativamente la anchura de las
paredes del implante (p <0.05) en todos los puntos de referencia y en ambos estudios. La
fuerza de compresion maxima fue significativamente mayor para las muestras de control
y de implantoplastia en el subgrupo ratio corona/implante 2:1 en comparaciéon con las
muestras de los demds subgrupos (ratios corona/implante 2.5:1 y 3:1 (P <0.001)). Una
mayor pérdida 6sea también disminuy¢ las fuerzas de compresion méximas, aunque esta
asociacion solo fue significativa para los implantes del grupo control (p = 0.001).

Los implantes sometidos a implantoplastia y los implantes del grupo control tuvieron una
compresion maxima similar al considerar los valores totales medios en ambas pruebas de
resistencia a la fractura.

La mayoria de las fracturas se ubicaron en el area de la plataforma en ambos ensayos.
Conclusiones: La implantoplastia reduce significativamente el didmetro del implante
aunque no parece afectar significativamente la resistencia a la fractura de los implantes
de conexion externa de 3.5 milimetros. La pérdida osea y el ratio clinico corona-implante
parecen ser variables mas relevantes cuando se considera la resistencia a la fractura de los
implantes dentales. Las fracturas de plataforma son las mas frecuentes en las condiciones

de prueba.
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Introduction

.1 Dental implant history

The first use of dental implants was documented in the Mayan civilization around 600
AD. Pieces of shells, stone and ivory were used by ancient cultures as a replacement for
mandibular teeth, with a similar concept to the one later used for blade-shaped dental
implants (1,2). However, these reports of ancient dentistry are still matter of debate
amongst investigators (3). Throughout the XIX century, gold, silver, porcelain and
iridium were used as materials for dental implants and in the beginning of the XX century,
following the success of a chromium-cobalt alloy implant used for hip replacement, Drs.
Alvin and Moses Strock are thought to have placed the first successful endosteal dental
implant (4). The first patent for a threaded cylindrical endosseous implant was presented
in 1938 in the United States of America. Formiggini and Zapponi developed this concept
and introduced a post-type spiral endosseous stainless steel implant in the 1940°s (5).
Around the same time, in Sweden, sub-periostal implants were being developed by Dahl
and later on by Gershkoff and Goldberg, Weinberg, Lew, Bausch and Berman (6).
Through the 1960’s and 1970’s, several one-piece implant designs and materials were
presented to the scientific community: Cherchieve developed a double-helical cobalt-
chromium alloy implant, Linkow used a flat blade-shaped implant (7) and Sandhaus
developed a crystallized bone screw made of aluminium (6).

Today, it is possible to find some patients with these types of implants. However, the
clinical outcomes and data of early dental implant designs was often poor, leading to

unpredictable results. Indeed, few professionals recommended these early innovations

(8).
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In the sixties, Branemark, an orthopaedic surgeon realised that titanium chambers placed
in rabbit’s tibia for 6 months became firmly attached to the bone and could not be easily
removed. This led to the development of the osseointegration concept as a direct structural
and functional connection between ordered, living bone and the surface of an implant.
Based on these findings, Brdnemark developed and tested a two-stage threaded titanium
root-form dental implant (6). Briefly after, André Schroeder, from Bern University,

provided histological data that proved the existence of direct bone-to-implant contact (9).

.2 Osseointegration process

Osseointegration is achieved by a process of primary bone healing in which a scaffold of
woven bone, associated with an expanding vascular net, invades the granulation tissue of
the newly formed blood clot uniting bone to an implant surface. Primary bone healing is
activated by any lesion of the pre-existing bone matrix that can set free non-collagenous
proteins and growth factors activating bone repair. Osseo-progenitor cells of the bone
marrow, endocortical and periosteal envelope migrate into the site of the lesion using
chemotaxis, proliferating and differentiating into osteoblasts precursors and osteoblasts.
Three stages are commonly addressed when describing osseointegration: incorporation
by woven bone formation; adaptation of bone mass to load (lamellar and parallel-fibered
bone deposition) and adaptation of bone structure to load (bone remodelling) (10). This
way, the initial mechanical stability which is influenced by many factors such as implant
macro-design, implant surface or local bone characteristics is replaced by a secondary
biological stability that relies on the biological process of osseointegration (11).

Albrektsson et al. (12) established the criteria for successful osseointegration: 1) absence
of persistent signs/symptoms such as pain, infection, neuropathies, paraesthesia, and

violation of vital structures; 2) implant immobility; 3) no continuous peri-implant
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radiolucency; 4) negligible progressive bone loss (less than 0.1 mm annually) after the
initial physiologic remodelling that occurs during the first year in function; and 5)
patient/dentist satisfaction with the implant supported restoration(s) (12,13). Like in
natural teeth, it is critical to perform periodical assessments of these parameters,
particularly in patients at high-risk of implant loss.

Over the last decades, dental implant therapy has become the treatment of choice to
replace missing or hopeless teeth. It is estimated that in 2026, approximately 1 out of
every 4 Americans, may have at least 1 implant in place (14).

The success rate of this treatment option has been evaluated in several reviews and a 95-

98% success rate is expected over a 5-year period (15-17).

.3 Materials used for dental implant manufacturing

Titanium and titanium alloys

The material of choice for oral endosseous implants has been, and still is, commercially-
pure (CP) titanium and titanium alloys (18). These materials are biologically inert, have
the ability to bond with osteoblasts, are biocompatible and have adequate mechanical and
thermal properties (19).

CP titanium is graded from 1 to 4 according to its resistance to corrosion, ductility and
strength. Most dental implants are made out of CP grade 4 titanium and therefore have
limited mechanical properties with an elasticity modulus of 104 GN/m?, a maximum
resistance to tension of 240-550 MN/m? and the ability to stretch up to 15% before
fracture (20). Alloying the titanium with different elements increases the resistance to
corrosion, increases the elasticity modulus and improves the machinability and

processing capacity (19). Grade 5 titanium alloy (Ti6Al4V) has greater yield strength and
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fatigue properties in comparison with CP titanium, being particularly suitable for dental
applications. It is composed of 6% aluminium, 4% vanadium, 0.25% iron, 0.2% oxygen
and 90% titanium. It has a elasticity modulus of 117 GN/m?and a tensile strength of 869-
896 MN/m?(21). Grade 5 alloy is superior to CP forms when it comes to corrosion
resistance, fatigue strength and elastic modulus (22). On the other hand, this alloy has
been reportedly associated with slow release of vanadium and aluminium ions into the
bloodstream and urine, which might trigger a potential inflammatory response activation
and neurotoxicity (23). This limitation indicates the need to develop other alloys with

better biocompatibility.

Zirconia

Zirconia (crystalline zirconium dioxide) seems to be a valid alternative material to
manufacture dental implants due to its high flexural strength of 900-1200 MPa, its
hardness of 1200 Vickers, its high resistance to corrosion, its optimal thermal properties
and a low susceptibility to adhesion of bacterial biofilm (22). Furthermore, it is a highly
aesthetic material that can be especially suitable for patients with thin gingival biotypes
that require anterior implant placement or that have a high aesthetic demand. In vitro
testing suggests that zirconia implants are able to withstand a simulated 5-year period of
physiological oral masticatory forces (24). Also, its bone-to-implant-contact is excellent,
as reported for titanium implants (25,26).

On the other hand, a systematic review showed that zirconia implants were inferior to
titanium dental implants regarding survival and success rates (survival rate of 74-98%
after 12 to 56 months and success rates between 79.6-91.6%, 6 to 12 months after

prosthetic restoration placement) (27). More recently, a review corroborated these
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findings and highlighted the need for long-term evidence on clinical performance of such
type of dental implants (28).

Failure resulting from fracture of the material is still reported as a critical factor for
usability and clinical acceptance, particularly because implant fractures usually require
implant removal. Hence, although promising results have been achieved with two-piece
zirconia dental implants, further research is needed to evaluate if this material can replace

the standard titanium dental implants (29).

.4 Dental Implant surfaces

The use of machined implants was the benchmark for many years following Branemark
original protocol. However, with the intention of increasing bone-to-implant contact and
enhancing the osseointegration process, new implant surfaces have been developed (11).
The use of micro-rough surface topography on dental implants reduces the extent of
fibrous encapsulation and improves the biomechanical properties of the implant-bone
interface by improving the micro-mechanical interlock. It is clear that machined titanium
surfaces promote bone formation but the adaptation of the bone to that surface includes
an amorphous zone thus decreasing the previously described interlock phenomena (30).

It has been reported that a surface roughness of 1-2pm is beneficial for the biomechanical
anchorage and biomechanical stability of dental implants enhancing bone cell
differentiation, growth, attachment and increasing mineralization (31,32). On the other
hand, implants with rougher surfaces (2.35um) showed a 20% increased risk of
developing peri-implantitis (PI) after 3 years in function when compared to machined
Bréanemark implants (33). This relation between rough surfaces and the onset and

progression of peri-implant diseases has been addressed in the literature (34-37).
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An implant surface can be altered by addition (creating bumps) or reduction (creating pits
and holes). Examples for addition process include the coating of the surface with
hydroxyapatite or calcium phosphate, titanium plasma spray and ion deposition. The
subtractive methods include mechanical or electrical polishing, grit blasting, acid etching,
oxidation or a combination of the previous (32,38). All these strategies aim at inducing a
faster osseointegration and avoid a fibrous encapsulation. On the other hand, there have
been concerns that procedures like grit blasting may evoke surface micro-cracks that can
be the origin of fatigue cracks (39).

Regardless of the dental implant material (CP titanium, titanium alloy or ceramics),
surface modifications have an important impact on osseointegration, since the surface
chemistry and topography seem to play a critical role in early and late response of the

hard tissues (11,40).

.5 Complications in oral implantology

A large array of complications may happen with oral implant rehabilitations: implant loss,
sensory disturbance, soft tissue complications, PI and bone loss (BL), implant fracture
and technical complications related to implant and prosthetic components, among others.
Berglundh et al. (17) performed a meta-analysis on the incidence of biological and
technical complications in implant dentistry and concluded that implant loss prior to
functional loading is expected to occur in about 2.5% of the cases. On the other hand,
implant loss during function occurs in about 2-3% of implants supporting fixed
restorations and in about 5% of those supporting overdentures over a 5-year period. These
authors found limited information regarding the occurrence of PI, BL and sensory
disturbances and also stated that implant fracture is a rare complication occurring in less

than 1% of implants during a 5-year period.
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Many studies have identified several reasons for implant failures. Mechanical issues,
biological pathologies, iatrogenic causes and phonetical, aesthetic or psychological

problems are some of the most important aetiologies for unsuccessful treatments (15,41).

Mechanical complications

Mechanical complications can occur to the implant, to its components or to the prosthesis
(39). The lack of a metal framework in overdentures, cantilevers over 15mm when using
fixed full-arch prosthesis, bruxism, increased length of the rehabilitation and a previous
history of mechanical complications have been reported to be risk factors for this kind of

complications (42).

Implant, components, abutment and prosthetic screw

The implant platform, where the prosthetic abutment usually seats, provides resistance to
axial forces. A non-rotational indexing feature is introduced either on the platform
(external connection) or inside the implant body (internal connection). The external
hexagonal connection has been introduced several decades ago and might have different
dimensions according to the implant manufacturer (43). Different connections can have
an impact on resistance to fracture of the implant-abutment complex as suggested by
previous studies that showed a better performance of external hexagon designs (44).
Similar results were obtained using static tests, before and after implantoplasty (IP), while
comparing external, internal and conical connection designs (45).

A systematic review published by Papaspyridakos et al. (46) reported an incidence of
mechanical complications ranging from 16.3% to 53.4%, after a 5-year analysis.

Abutment screw fracture seems to be a common finding, with a 5 and 10-year rate of
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9.3% and 18.5%, respectively. On the other hand, the average implant fracture rate has
been reported to be much lower, ranging from 0.6% to 6% (46—51). However, the latter
has important clinical repercussions since it usually requires the removal of both the
implant and the prosthesis. Implant design and fabrication, non-passive fit of the
prosthetic components and biomechanical overload are responsible for most fractures
(52). Excessive occlusal forces, incorrect implant location, metal fatigue and bone
resorption around the implant have also been described as critical variables for this
complication (53). Specific patient-associated conditions, such as bruxism, have also
been associated with the risk of developing mechanical complications, even though the
available data is still scarce (54).

Implant diameter is also a variable that must be taken into consideration regarding this
problematic. Considering the average bite forces, narrow implants (i.e. with a diameter
<3.5mm) can be more prone to fracture in the molar area (53). Nevertheless, the use of
regular- or wide-platform implants (i.e. with a diameter of >3.5mm) does not guarantee
the absence of mechanical complications, since forces will most likely be re-directed

towards less resistant components or to the bone (55-57).
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Figure 1, 2 and 3 show different types of implant fractures.

Figure 1 Radiographic and clinical aspect of a dental implant with a platform fracture. Bone loss up to
the vertical level of the fracture is clear in the radiograph. Original picture.

Figure 2 Clinical view of a vertical fracture of a dental implant with circumferential peri-implant bone
defect. Picture gently provided by Prof. Dr. Tiago Borges.
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Figure 3 Clinical view of a horizontal body fracture of a dental implant. Picture gently provided by Prof.
Dr. Tiago Borges.

Prosthetic and technical complications

Understandably, fixed prosthetic designs on osseo-integrated implants have been
associated with more mechanical complications than removable ones as the tensions are
distributed to the entire implant-abutment-screw-prosthesis complex (58,59). Prosthetic
material wear and fracture are particularly common in full-arch metal-acrylic fixed
prosthesis, but ceramic chipping is also a common reported issue both in metal or
zirconia-base frameworks (60). The complete fracture of the framework is a rare but
important complication that usually requires the fabrication of a new prosthesis. Figure

4 shows a fracture of the framework of a full-arch monolithic zirconia.
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Figure 4 Framework fracture of monolithic zirconia full-arch prosthesis. Original picture.

The use of straight or angulated intermediate abutments has been advocated to enhance
the parallelism of the implants and the passivity of the framework, while redirecting

occlusal stress forces to the intermediate abutment screw, therefore protecting the implant

(61).

Biological complications

Concept of osseointegration failure

To be able to define failure, first we must define success. When it comes to
osseointegration, several authors have provided their criteria. Zarb and Albrektsson (62),
considered that osseointegration must be evaluated from a clinical point of view, defining

it as a process in which a clinically asymptomatic rigid fixation is achieved and
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maintained in bone during functional loading. Function (ability to chew), tissue
physiology (presence and maintenance of osseointegration, absence of pain and other
pathological conditions), and user satisfaction (aesthetics and absence of discomfort)
have been proposed as key features when considering implant success. Papaspyridakos et
al.(63) reported that success is determined by implant, soft tissue, prosthetic and patient
satisfaction outcomes. Mobility, pain, radiolucency, peri-implant BL, suppuration,
bleeding, technical complications, function, aesthetics, discomfort, appearance and
ability to chew and taste are among these variables (63). If these criteria are not fully
assessed, one can only talk about implant survival and not success. Albrektsson et al. (64)
have recently updated this concept, claiming that osseointegration is a foreign body
reaction and that a balanced state of chronic inflammation characterizes it. Healthy
implants should not have signs of inflammation or bleeding on probing (BOP) (65).

The loss of osseointegration can be clinically and radiographically detected in the
majority of cases. Indeed, implant mobility or the presence of radiolucencies are strongly
associated with failures. These signs reflect the replacement of bone by a fibrous
connective tissue which is unable to support an implant in function. PI might also lead to
late-onset osseointegration failure, due to the progressive BL. In these situations, some

treatment modalities can be useful when initial symptoms or signs are present (15).

Peri-implant mucositis

Definition
This disease can be defined as an inflammatory condition of the soft tissues surrounding

an endosseous implant without loss of surrounding peri-implant bone (66).
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Etiology

Using an experimental gingivitis model described by Loe et al. (67), Pontoriero et al. (68)
showed that gingival indexes and probing depth increase when biofilm is not controlled.
Berglundh et al. (69) using an animal model, claimed that the inflammatory infiltrate due
to bacterial accumulation was similar in natural teeth and implants. Hence, the initial host

response might be similar for both gingiva and peri-implant mucosa.

Prevalence

Zitzmann and Berglundh (70) have made a systematic review of cross-sectional and
longitudinal studies with implants that had at least 5 years of function. These authors
reported that peri-implant mucositis occurs in approximately 80% of the subjects and in
50% of the implants placed. Mir-Mari et al. (71) reported that peri-implant mucositis
affected 21.6% of the implants and 38.8% of patients in a cross-sectional study that
involved 245 patients with 1 to 18 years of follow-up. Similar findings were reported by
Renvert et al. (72) after a 21 to 26 year follow-up of 86 patients with an average of 4
implants. In this last sample, 54.7% of the subjects showed clinical signs of peri-implant

mucositis.

Diagnostic criteria

The inflammation of the peri-implant mucosa without progressive peri-implant BL is a
key factor for the diagnosis. Clinically, a redness of the peri-implant mucosa, local
swelling and BOP can be observed (66). Figure 5 shows the clinical and radiographic

appearance of a peri-implant mucositis.
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Figure 5 Clinical and radiographic appearance of peri-implant mucositis. Original picture.

Prevention and risk factors

Deficient oral hygiene habits (73), inconsistent supportive implant therapy(74), smoking
(75), radiation therapy (75) and diabetes mellitus (73) have been reported to be risk factors
for peri-implant mucositis. Other variables such as dental implant surface and material,
prosthesis design and the amount of keratinized peri-implant mucosa have also been

suggested to play a role in the onset of this pathology (66).

50



Treatment and prognosis

Peri-implant mucositis usually precedes PI and a continuum from healthy peri-implant
mucosa to peri-implant mucositis and PI seems to exist (76). On the other hand, peri-
implant mucositis can be present for a long time without provoking BL. It is important to

stress that this entity is reversible if all initiating and risk factors are controlled (66,77).

Peri-implantitis

Definition
PI is defined as a pathological condition characterized by inflammation of the peri-

implant mucosa and progressive loss of supporting bone (78).

Etiology

Many factors have been associated to the etiopathogenesis of this condition. Most authors
agree that bacteria play an important role in this condition. Gram-negative rods such as
Prevotella intermedia, Treponema denticola, Tanarella forsythia, Aggregatibacter
actinomycetemcomitans and Porphyromonas gingivalis along with fusiform bacteria,
motile or curved rods, as well as spirochetes have been associated with PIL
Peptostreptococcus spp. and Staphylococcus spp. are also of significance for this
complication (79-81). The development of a biofilm attached to the implant surface
seems to be critical in the development of peri-implant diseases and could be responsible

for altering the implant surfaces (82—84) as Figures 6 and 7 demonstrate.
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Figure 6 Confocal fluorescence microscopy demonstration of supra-gingival biofilm. Picture gently
provided by Dra. Berta Cortés Acha (84).

Figure 7 Structures with atypical morphology embedded in abutment biofilm under SEM. Picture gently
provided by Dra. Berta Cortés Acha (84).

Different mechanisms are involved: direct invasion and destruction, release of enzymes
and bone resorptive factors, evasion of the host defences and indirect host mediated
inflammatory reaction (85,86).

Lindhe et al. (87), using an animal model on Beagle dogs, induced PI by creating bacterial
accumulation conditions. Using a similar methodology on monkeys, Lang et al. (88)
induced both periodontitis and PI. Increase of plaque and gingival indexes, pocket depth

and loss of insertion were recorded in both studies. The local inflammatory response and
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the misbalance in the host-pathogen interaction might lead to tissue destruction that
usually characterizes PI (81).

On the other hand, the relation between microbiome and biomaterial might lead to
titanium or zirconia degradation, suggesting that peri-implant biofilm changes might be

paramount for PI development (89).

Prevalence

Zitzmann and Berglundh (70) reported that PI affects 28-56% of the subjects and 12-43%
of the implants. Renvert et al. (72) also found a high prevalence of PI since 22.1% of the
subjects showed clinical signs of the disease after 21 to 26 years of follow-up.

Mir-Mari et al. (71) reported, in a cross-sectional study made in a private practice, that
9.1% of the implants and 16.3% of the patients develop PI. More recently, Rakic et al.
reported that PI can affect 18.5% of the patients and 12.8% of the implants (90).

PI seems to progress in a non-linear pattern usually starting within 3 years of function.
Indeed, evidence suggests that 2/3 of implants will present BL of more than 0.5mm after

3 years in function (91).

Diagnostic criteria

Clinical signs of inflammation, BOP and/or suppuration, increased probing depth and/or
recession of the gingival margin in addition to successive radiographic evidence of bone
loss are the landmarks for the diagnosis of PI (92). Table 1 summarizes the main

diagnostic criteria for peri-implant diseases.
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Table 1 Summary of diagnostic variables for peri-implant health, peri-implant mucositis and peri-
implantitis based on the outcomes of the 2017 World Workshop on the Classification of Periodontal and
Peri-implant Diseases and Conditions (92)

Peri-implant health | Peri-implant mucositis | Peri-implantitis
BOP N Y Y
Suppuration N Y/N Y/N
Erythema N Y/N Y/N
Swelling N Y/N Y/N
Progressive loss of bone N* N Y

N= Absent; Y= Present; Y/N= May or may not be present; BOP = bleeding on probing

* Note that peri-implant health is possible around implants with reduced bone support

BL over 2 mm, BOP and probing depths of more than Smm have previously been
proposed as clinical landmarks for diagnosis (37). It is also important to take into
consideration that periapical x-rays usually underestimates the real BL, as has been shown
by Garcia-Garcia et al. (93).

BOP has been used for clinical assessment of periodontal disease with a reported
sensitivity of 90.9% and specificity of 77.3% for gingival health (94). On the other hand,
BOP seems to be less accurate for the diagnosis of PI. A recent systematic review and
meta-analysis claimed that the sensitivity of this parameter was of 24.1% (implant-based
analysis) and of 33.8% (patient-based analysis), thus suggesting that BOP might generate
false positives when diagnosing PI (95). Nonetheless, gentle probing is still considered a
valuable resource for assessing peri-implant diseases. Indeed, the 2017 World Workshop
on the Classification of Periodontal and Peri-implant Diseases and Conditions (92) states
that changes in probing depth and specially BOP are key variables for the diagnosis of

peri-implant diseases. Still, it is important to consider that probing depends on a variety
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of factors such as the applied force, the profile and shape of the abutments, implants and

prosthesis (96,97).

Figure 8 shows radiographic and clinical aspects of an advanced peri-implantitis that

resulted in implant loss.

Figure 8 Advanced peri-implantitis. a) Radiographic appearance showing BL,; b,c) Increased probing
depth with BOP and suppuration; d) Implant exposure after removal of granulation tissue, e,f)
Circumferential bone defect resulting from peri-implantitis, after implant removal. Original picture.
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Prevention and risk factors

Poor oral hygiene, history of periodontitis and lack of regular support therapy after
implant placement are considered to be risk factors for PI (78). Other factors like
smoking, genetic traits, implant surface, alcohol consumption, lack of keratinized mucosa
and some systemic diseases also seem to be related with the onset and progression of PI,
even though further research is needed to confirm these associations (15,81,85,98,99).
Smeets et al. (100) recommended frequent peri-implant support therapy sessions in
smoking patients with poor oral hygiene, with previous history of peri-implant mucositis,
PI or implant loss and with other systemic risk factors . Recommendations on frequency

of support recalls are summarized in Table 2.

Table 2 Recommendations on frequency of support recalls. Adapted from Smeets et al. (100).

Recommended sessions/year 1 2 >3

Oral hygiene Good |Average |Bad
Smoking habits [No Ex-smoker [Yes
History of peri-implant mucositis / PI [No No Yes

' Other systemic disease,
Other risk factors [No No ) )
history of implant loss

Treatment and prognosis

Since bacterial colonization and inflammation seem to play a major role in the etiology
of PI, treatments should be aimed at disrupting the biofilm, decontaminating the implant,
reducing the peri-implant pockets and improving the access to oral hygiene in order to
stop the development and progression of the condition (80).

Access to infected sites can be difficult due to the prosthesis, implant design or defect
configuration. As so, open-flap treatments with or without adjunctive therapy seem the to
be the most adequate approach, while non-surgical strategies seem to be less effective in

controlling PI (82). For implant surface detoxification, several approaches have been
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tested: air-powder abrasion, ultrasonic and manual debridement (using plastic, carbon
stainless steel, graphite and titanium curettes), implantoplasty (IP), laser therapy, among
others (101). Chemical agents seem to improve the results of the mechanical debridement.
Agents such as citric acid, hydrogen peroxide, cetylpyridinium chloride, tetracyclines,
EDTA (ethylenediaminetetraacetic acid) and chlorhexidine appear to improve the
treatment outcomes (102). However, Carcuac et al. (103) reported that the use of
chlorhexidine provided no additional overall effect and that systemic antibiotics only
seemed to have a mild effect when rough surface implants were involved. These authors
also reported that the treatment success was higher in machined surface implants in
comparison with fixtures with a modified surface (79% vs. 34%).

Resective, regenerative and combined surgical approaches have been described in the
literature. The selection criteria for the most suitable technique should consider several
factors like the defect morphology and shape, the presence or absence of keratinized
mucosa and the location of the implant. Resective approaches seem to be more suitable
to treat suprabony defects, one-wall infra-bony defects or buccal bone dehiscences in non-
aesthetic zones. This option aims at reducing the probing depth and obtaining a more
favourable soft-tissue anatomy to facilitate biofilm removal. The surgical technique
consists of raising a full-thickness flap, removal of the granulation tissue, detoxification
of the exposed implant surface, correction of the anatomical architecture of the bone,
modification of the roughness of implant surface and establishment of an efficient plaque
control regimen (104,105).

Clinical evolution of a PI full-arch case treated with resective approach is depicted in

Figures 9 to 13.
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Figure 9 Full-arch peri-implantits case. &) Panoramic and apical x-rays showing bone loss in upper
implants; b,c) Initial clinical appearance of soft tissues, upper and lower; d, e) Soft tissue improvement
after non-surgical treatment, upper and lower. Case treated in the Implant Maintenance Unit of the
Master degree program in Oral Surgery and Implantology of the Universitat de Barcelona.
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Figure 10 Full-arch PI case. a,b) Upper right side upon flap opening; ¢,d) Upper right side after bone
remodelling and implantoplasty; e,g) Upper left side upon flap opening; f,h) Upper left side afier bone
remodelling and implantoplasty. Case treated in the Implant Maintenance Unit of the Master degree
program in Oral Surgery and Implantology of the Universitat de Barcelona.
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Figure 11 Full-arch PI case. a) Detail of connective tissue graft on the upper right side after resective
procedure; b) Detail of connective tissue graft on the upper left side after resective procedure. Case
treated in the Implant Maintenance Unit of the Master degree program in Oral Surgery and Implantology
of the Universitat de Barcelona.
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Figure 12 Full-arch PI case. Soft tissue evolution at suture removal (15 days), 1 month and 6 months
follow-up appointment. Case treated in the Implant Maintenance Unit of the Master degree program in
Oral Surgery and Implantology of the Universitat de Barcelona.
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Figure 13 Initial and 15-month follow-up of full-arch PI case. a) Initial
poor prosthesis design; b) Initial apical x-rays showing bone loss,; c)
15 months after resective surgery with improved prosthetic design and
soft tissue healing; d) Apical x-rays 15 months after resective surgery.

Case treated in the Implant Maintenance Unit of the Master degree
program in Oral Surgery and Implantology of the Universitat de
Barcelona.
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Figure 14 Combined approach in a single implant peri-implantitis case. a)
apical x-ray demonstrating crater-like bone defect, b, c) occlusal and
buccal view after soft tissue debridement; d, e) occlusal and buccal view
after bone remodelling and implantoplasty; f) xenograft application; g)
collagen membrane cover, h) PTFE suture. Case treated in the Implant
Maintenance Unit of the Master degree program in Oral Surgery and
Implantology of the Universitat de Barcelona.
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On the other hand, a regenerative approach that uses grafting materials and membranes
is particularly indicated for crater-like self-containing bone defects (105). A combined
resective and regenerative approach is showed in Figure 14.

Explantation of the implant(s) affected by severe PI is a last resort option(106) and a

technique using an implant retriever for this procedure, is depicted in Figure 15.

Figure 15 Explantation of implant affected by severe peri-implantitis using an implant retriever. Case
treated in the Implant Maintenance Unit of the Master degree program in Oral Surgery and Implantology
of the Universitat de Barcelona.

There are no standardized, universally accepted treatment protocols for the treatment of
peri-implant diseases, even though most authors state that non-surgical therapies are only
effective for peri-implant mucositis and have a limited effect on PI cases (82). Also, it is
unclear which is the most effective surface detoxification protocol. Thus, further
randomized controlled clinical trials with long-term results are required to identify the
most effective treatments (102,107). Also, it is important to stress that all patients with PI
should initially undergo a non-surgical treatment to control the risk factors, to improve
access to oral hygiene and to reduce the soft tissue inflammation before surgery.

Figure 16 summarizes clinical approach options for the maintenance and intervention on

dental implants.
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HEALTH »  FOLLOW-UP

MUCOSITIS - + NON SURGICAL » FOLLOW-UP

PERI-IMPLANTITIS > NON SURGICAL ——» ——» FOLLOW-UP

Resective
Regenerative

Combined

Explantation

Figure 16 Maintenance and intervention protocols for dental implants. Figure gently provided by Dr.
Javier Mir-Mari.

6. Implantoplasty

Implantoplasty is a procedure that consists of polishing the rough implant surfaces that
are outside of the bony envelope thus making them less prone to biofilm accumulation.

Figure 17 shows the macroscopic change after this procedure.
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Figure 17 Before (a) and after(b) IP procedure in a severe PI case. Original picture.

This technique seems to stop marginal BL effectively and leads to a significant decrease
of BOP and of the pocket probing depths (102,104,108—111). A clear correlation has been
reported between the implant surface roughness and the rate of bacterial colonization,
both supra- and sub-gingivally (34,112). An increased surface roughness may also lead
to an incomplete biofilm removal and might expose a larger area for bacterial adhesion
(85). The main biological rationale that supports IP is that a polished surface hampers
bacterial adhesion, facilitates its removal and prevent future biofilm regrowth.
Furthermore, with this technique surgeons can detoxify implant surfaces. Indeed, lower
levels of inflammatory mediators have been found after IP procedures (113).

Several reports seem to indicate that IP is an effective procedure associated with a high
implant survival rate (108,114—116). On the other hand, a recent retrospective study based
on 41 patients with 68 implants affected by PI, suggested that IP may not be decisive to
increase implant survival rates and that the amount of marginal BL seems to be the main
prognostic factor (117). Figure 18 depicts the evolution after 2 years of severe case of PI

on a 75-year-old female patient treated with IP.
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Figure 18 a) Initial periapical x-ray; b) Preoperative aspect of the soft tissues with pain, bleeding and
suppuration; ¢) 1.5 months after a resective surgical approach with IP; d) 6 months after the procedure;
e) 2 years follow-up with soft tissue stability and no aesthetic impairment, signs or symptoms, f)
periapical x-ray after 2 years. Original picture.

Implantoplasty technique

This technique usually requires the combination of high-speed surgical hand-pieces with
diamond or carbide burs to remove the exposed threads and the surface of the implant.
Afterwards, silicon polishers are used to further smoothen and polish the surface. Several
combinations of burs have been described in the literature (104,108,118-120). The
intermediate use of an Arkansas bur between these two steps has also been previously
proposed (121).

IP is a time-consuming procedure with a mean duration that ranges between 12 and 21

minutes per implant in an in vitro setting (122).
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Concerns about implantoplasty

Several concerns have been raised with IP procedures: perforation of the implant body,
damage to the implant-abutment connection, platform deformation, loosening of the
prosthetic screw, implant fracture, thermal damage to the surrounding bone, mucosal
staining and late inflammatory reactions due to titanium debris. However, there is very
limited data or clinical evidence that IP is associated with any remarkable mechanical or

biological complications on the short or medium-term (123).

Thermal damage

Thermal damage occurs when temperatures exceed 47°C for more than one minute since
these can cause irreversible bone cell damage and might lead to bone resorption and
delayed healing (124). Heat shocks of 42°C can also induce transient changes to
osteoblasts (125). Sharon et al. (126) studied thermal changes that occur during IP
procedures and concluded that, under proper water-spray irrigation, the temperature
changes are not clinically significant (increase of 1.5°C). Thus, in this sense, IP seems to

be a safe technique.

Release of titanium debris

IP can cause release and nearby tissue deposition of titanium debris. Titanium alloys can
release ions and particles that might not be entirely bio-inert, contributing to the
development and progression of peri-implant diseases (119). Concentrations of titanium
particles seem to be higher at PI sites in comparison with healthy implants, suggesting a
strong association between titanium particles and peri-implant disease (127-130).
Titanium particles could be the result of corrosion of the implant surface, insertion of the

implant into the osteotomy site, implant-abutment friction, non-surgical mechanical
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debridement or IP. Corroded debris can be cytotoxic and have the potential to tattoo soft
tissues(131,132). Therefore, clinicians should consider using barriers such as a rubber
dam and a high volume suction devices during IP to prevent tissue contamination (133).
Further research is needed on this topic to determine the possible systemic and local

effects of these titanium particles.

Implant fracture after IP

When submitted to IP, dental implant resistance to fracture has been reported to decrease,
although other variables seem to play major parts and should be considered in the risk
assessment (120,134—136). This subject will be addressed thoroughly in the Discussion

section of the present thesis.

7. Resistance to fracture assessment

Mastication involves complex movements that will originate cycles of compressive,
torsional and bending forces to the dental implants (137). Static and dynamic tests are
used to address maximal compression forces (Fmax) and fatigue of the structures using
single- or cyclic-loading techniques. Resistance to fracture testing of dental implants
should be made according to ISO Standard 14801:2016. In short, samples are prepared
simulating a 3mm exposure of the implant’s coronal area using a standardized bone-like
cast. Standardized load abutments are screwed to the implants at an appropriate torque.
These samples are then stabilized in a Universal servo-hydraulic mechanical testing
machine that applies a pre-determined compression load at a constant 30° angle from the

vertical axis (Figure 19 a,b,c,d). Real-time data is recorded throughout the test.
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Figure 19 a) Standardized implant sample; b) Universal servo-hydraulic machine (MTS Bionix 370 Load Frame,
MTS®, Eden Prairie, USA), ¢) Clamping device detail and sample with loading abutment in place at 30°; d) Loading
of the sample. Original picture.

Results of resistance to fracture tests are affected by the contact surface area, embedment

depth of the fixture, prosthetic screw length and material of the implant (138).

8. Crown-to-implant ratio and bone loss

Considering that dental implants are frequently placed in moderately or severe resorbed
maxillae and mandibles, crown-to-implant ratios (CIRs) over 2 are common. Moreover,
when peri-implant BL appears, the CIR increases.

Tawil et al. (139) defined anatomical and clinical CIR’s, taking into consideration the
position of the fulcrum. For the anatomical ratio, the fulcrum is established at the interface
of the implant shoulder and the crown/abutment system and for the clinical ratio the
fulcrum is established at the most coronal bone-implant contact as demonstrated in figure

20.
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Crown length —

—— Fulcrum considering anatomical CIR
Bone Loss

—— Fulcrum considering clinical CIR

Implant length —

Figure 20 Anatomical/clinical Crown-to-implant ratio and bone loss. Adapted from Ravida A et al. (141).

A high CIR has been associated with a detrimental effect over time in natural teeth (140).
This might not be the case in dental implant rehabilitations, as several reports have shown
that high CIRs do not seem to be directly related with increased marginal BL neither seem
to be a biomechanical risk factor for the prosthesis (141-143). CIRs between 0.86 and
2.14 in single tooth, non-splinted implants have been analysed, and no significant
relations between this variable and the occurrence of biological or technical
complications were found (144). However, this review has been criticized for having
important limitations and not providing reliable information for clinical decision making
(145). On the other hand, other authors have reported that CIRs higher than 1:1.46 seem
to be related with prosthetic failure and increased risk of abutment fracture (146). Also,

higher CIR may be responsible for an slight increase of marginal BL in short dental
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implants placed in the posterior mandible (147). Finally, other papers consider that CIRs
over 1.7 should be avoided (148).

A study by Gherke et al. (149) aimed at evaluating the influence of the bone insertion
level on the fracture strength of implants with different connection designs. These authors
concluded that resistance to loading decreases significantly with the loss of bone insertion
and that the connection design can change the performance and resistance of the implant-
abutment system. In 2015, Gherke (150) performed a similar study to evaluate the
influence of crown height ratios on the fracture strength of implants with different
connections. Again, the crown height significantly affected the resistance to fracture and

the connection design was also an important variable.

9. Justification

Peri-implantitis is a highly prevalent pathology in an increasingly larger population of
patients undergoing dental implant-based treatments. Thus, it is likely that in the next
years, an important number of patients will require PI treatments.

As previously mentioned, implantoplasty (IP) might be beneficial and effective as part of
the PI treatment, since it allows an excellent detoxification of the affected implant and a
reduction of the biofilm adhesion and regrowth. However, several authors have
mentioned complications that might be related with this procedure. Indeed, IP has raised
concerns related with the host response to the titanium debris particles and the reduction
of the mechanical properties of the implants. Regarding the latter, some studies have
reported the mechanical changes that occur to dental implants after being submitted to IP.
However, few data are available regarding the effect of BL and CIR on the risk of implant
fracture. It must be stressed that IP is usually indicated in implants with different degrees

of BL, and with unfavourable CIR ratios.
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Therefore, this thesis aims to clarify, using 2 in vitro studies, if IP significantly weakens
dental implants in several clinical conditions that simulate different amounts of BL and
various CIR. The results of these studies will provide useful information, since it will
allow clinicians to evaluate the risk of fracture in implants with peri-implantitis that

require IP.
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Main hypotheses

- Implantoplasty increases the risk of fractures of dental implants, regardless of the
degree of bone loss and of the clinical crown-to-implant ratio (CIR).

- A higher degree of bone loss leads to a reduced resistance to fracture of implants
with and without implantoplasty.

- Anunfavourable clinical CIR decreases the resistance to fracture of implants with

and without implantoplasty.

Specific hypotheses

- Implantoplasty reduces the maximal compression forces of narrow 3.5-mm-wide
platform external hexagonal connection implants, when submitted to a load at 30°
from the vertical axis.

- The maximal compression forces of 3.5-mm-wide platform external hexagonal
connection implants, with and without implantoplasty, with 3mm of bone loss are
significantly higher in comparison with similar implants with 7.5mm of bone loss,
when submitted to a load at 30° from the vertical axis.

- The maximal compression forces of 3.5-mm-wide platform external hexagonal
connection implants, with and without implantoplasty, with a 3:1 clinical CIR are
significantly lower in comparison with similar implants with a 2:1 CIR, when
submitted to a load at 30° from the vertical axis.

- Implantoplasty significantly reduces the width of the dental implant walls.

- Most fractures of dental implants occur in the platform area, regardless of the

degree of bone loss and of the clinical CIR.
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Main objectives

- To determine if implantoplasty affects the resistance to fracture of dental implants,
regardless of the degree of bone loss and of the clinical crown-to-implant ratios
(CIR).

- To evaluate if the degree of bone loss affects the resistance to fracture of implants
with and without implantoplasty.

- To determine whether the clinical CIR influences the resistance to fracture of

implants with and without implantoplasty.

Specific objectives

- To determine the maximal compression forces of narrow 3.5-mm-wide platform
external hexagonal connection implants, with and without implantoplasty, when
submitted to a load at 30° from the vertical axis, with different bone levels and
CIRs.

- To compare the maximal compression forces of 3.5-mm-wide platform external
hexagonal connection implants, with and without implantoplasty, with 3mm and
7.5mm of bone loss, when submitted to a load at 30° from the vertical axis.

- To compare the maximal compression forces of 3.5-mm-wide platform external
hexagonal connection implants, with and without implantoplasty, with 3 different
clinical CIRs (3:1; 2.5:1; 2:1), when submitted to a load at 30° from the vertical
axis.

- To measure the reduction in the dental implant walls caused by implantoplasty.

- To determine the most common location of fractures in implants with different

clinical CIRs and bone levels.
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Effect of crown to implant ratio 2
and implantoplasty on the fracture resistance
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loss: an in vitro study
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Abstract

Background: Peri-implantitis is a biological complication that affects soft and hard tissues around dental implants.
Implantoplasty (IP) polishes the exposed implant surface, to decontaminate it and make it less prone to bacterial
colonization. This study investigates whether a higher clinical crown-to-implant-ratio (CIR) reduces implant fracture
resistance and whether implants are more fracture-prone after IP in the presence of 50% of bone loss.

Methods: Forty-eight narrow platform (3.5 mm) 15 mm long titanium dental implants with a rough surface and
hexagonal external connection were placed in standardized bone-like resin casts leaving 7.5 mm exposed. Half were
selected for IP. The IP and control groups were each divided into 3 subgroups with different clinical CIRs (2:1, 2.5:1 and
3:1). The implant wall width measurements were calculated using the software ImageJ v.1.51 through the analysis of
plain x-ray examination of all the samples using standardized mounts. A fracture test was performed and scanning
electron microscopy was used to evaluate maximum compression force (F,,,,) and implant fractures.

Results: IP significantly reduced the implant wall width (P <0.001) in all reference points of each subgroup. .,
was significantly higher in the 2:1 subgroup (control =1276.16 N+ 169.75; IP=1211.70 N £ 281.64) compared

with the 2.5:1 (control =815.22 N+ 185.58, P<0.001; IP=621.68 N+ 186.28, P<0.001) and the 3:1 subgroup (con-
trol=606.55N+111.48,P<0001; IP=465.95 N+68.57,P<0.001). Only the 2.5:1 subgroup showed a significant
reduction (P=0.037) of the F,,,, between the controls and the IP implants. Most fractures were located in the plat-
form area. Only 5 implants with IP of the 2:1 CIR subgroup had a different fracture location (4 fractures in the implant
body and 1 in the prosthetic screw).

Conclusions: IP significantly reduces the fracture resistance of implants with a 2.5:1 CIR.The results also suggest that
the CIR seems to be a more relevant variable when considering the resistance to fracture of implants, since signifi-
cant reductions were observed when unfavorable CIR subgroups (2.5:1 and 3:1 CIR) were compared with the 2:1 CIR
samples.

Keywords: Peri-implantitis, Dental implants, Compressive strength, Titanium, Implantoplasty
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affect 34% of patients and 21% of implants and lead to
implant loss [4].

Several approaches to implant surface decontamina-
tion have been studied. They include air-powder abra-
sion, ultrasonic and manual debridement (using plastic,
carbon stainless steel, graphite or titanium curettes),
implantoplasty (IP), laser therapy and sterile saline
rinses, among others [5-8]. Mechanical debridement
has also been complemented by the use of a number
of substances, such as citric acid, hydrogen peroxide,
cetylpyridinium chloride, tetracycline, ethylenediamine
tetraacetic acid or chlorhexidine [9]. IP is a common pro-
cedure that consists of polishing rough implant surfaces
outside the bony envelope, making them less prone to
bacterial accumulation, as surface roughness may be risk
factor for peri-implant disease. IP is effective in the long
term for arresting bone loss caused by PI, both alone and
in combination with surgical regenerative procedures
and does not seem to be associated with any biological
or mechanical complication of importance [9-13]. How-
ever, thermal increases during the procedure that could
affect the bone, lower resistance to fractures due to
reducing the thickness of the implant walls, and the local
and systemic biological repercussions that the dispersion
of titanium particles might have in the long term have
been signaled as potential problems of IP performance
[14-19].

Increasing bone loss due to PI was shown to increase
clinical crown-to-implant ratio (CIR), which, in turn,
was reported to reduce the resistance to fracture of
intact dental implants [20, 21]. Also, IP, which is often
used as a part of the treatment of PI, reduces the
thickness of the implant walls and might weaken the
strength of implants [15]. Since the effect of the CIR on
implants treated with IP has not been addressed yet, it
would be of great interest to assess whether IP is a safe
technique when implants with high CIRs are involved.

Page 2 of 10

Furthermore, since the maximum failure strength of
bone level implants is expected to remain high after IP,
narrow implants were selected to simulate an unfavora-
ble scenario. Indeed, according to a recent report by
Bertl et al., narrow diameter implants have a significant
lower resistance strength compared with regular diam-
eter implants [22].

The main study hypothesis was that a high CIR nega-
tively affects the fracture resistance of narrow implants
treated with IP in a situation of 50% bone loss. There-
fore, the main objectives of this research were: (1) to
analyze whether an increased CIR reduces the fracture
resistance of implants with IP versus control implants,
and (2) to assess whether implants subjected to IP are
more prone to fracture in comparison with control
implants, regardless of the CIR, in the presence of 50%
bone loss. A secondary aim was to describe the changes
in implant wall width after IP.

Materials and methods

An in vitro study was conducted using 48 type V tita-
nium narrow platform implants, 3.5 mm in diameter
and 15 mm long, with a rough surface and a hexagonal
external connection (Ocean E.C., Avinent Implant Sys-
tem S.L., Santpedor, Spain). Half of the sample was ran-
domly allocated to the IP group. The apical half of each
implant was inserted, leaving 7.5 mm exposed, in stand-
ardized bone-like resin casts (EA 3471 A and B Loctite®,
Henkel AG and Company, Diisseldorf, Germany) with
a> 3 GPa modulus of elasticity in accordance with Inter-
national Organization for Standardization (ISO) standard
14801:2016 (third edition) [23]. Both groups were divided
into 3 subgroups of 8 implants each, which received
screwed hemispherical loading abutments of one of three
heights: 7.5 mm, 11.25 mm and 15 mm, simulating clini-
cal CIR of 2:1, 2.5:1 and 3:1, respectively (Fig. 1).

48{n) 15 mm long
narrow platform
implants

l_;l

24 (n) 7.5mm 24 (n) 7.5mm exposed
Controls

Experimental groups

Group 1:8{n) 7S mm | _Group 1:8(n)7.5 mm
high abutment high abutment

Group 2:8(n)11.25 Group2:8 (n) 1125

mm high abutment mm high abutment

Group3:8(n) 15 mm | Group 3: 8n) 15 mm
high abutment abutment

Fig. 1 a Study design, groups and subgroups; b sample before IP; ¢ sample

after IP

88



Leitao-Almeida et al. BMC Oral Health (2020) 20:329

Implantoplasty

IP of the exposed implant surface was performed using a
high-speed air-powered hand piece (Bora Blackline LED,
Bien-Air Dental SA, Langgasse, Switzerland) with an
abutment protecting the connection. After removing the
threads of the exposed portion of the implants, using an
oval-shape tungsten carbide bur (H379 314,023; Komet
Dental, Lemgo, Germany), the surface was polished with
two-step silicon carbide polishers (9618,314,030 and
9608,314,030; Komet Dental, Lemgo, Germany) until it
was macroscopically flat and smooth. A new set of burs
was used for each sample. The procedure was performed
by an experienced surgeon with 2.8 x magnification
loupes (Galilean HD and Focus™ LED 6000 k, ExamVi-
sion ApS, Samsg, Denmark), under copious water irriga-
tion and adequate light conditions, similar to a clinical
scenario, although the cast was held by the operator and
turned by hand. The time spent on each procedure was
recorded. When the IP procedure was finished, the sur-
face was cleaned with water and dried with air.

Radiographic implant wall width measurements

The implant wall width was measured through plain x-ray
examination of all the samples, in the initial position
and rotated through 120° and 240°, using standardized
mounts. All the measurements were made using Image]
v.1.51 (National Institutes of Health, Bethesda, Maryland,
USA), based on a fixed 1.9 mm reference provided by the
manufacturer. A calibrated investigator (BLA) performed
the examination with 400X amplification and searched
for perforations of the implant walls. The measurements
were made at the middle of the first (R1) and tenth (R2)
threads and at the end of the prosthetic screw hole (R3),
as shown in Fig. 2. To test intraexaminer agreement and
consistency, the assessment of 6 randomly selected sam-
ples (54 measurements) was repeated after 2 weeks. The
intraclass correlation coefficients were 0.96 (95% con-
fidence interval (95%CI) 0.93-0.98; P<0.001) and 0.96
(95% CI 0.92-0.98; P<0.001), showing excellent reliabil-
ity and consistency.

The mean value of the three measurements (rota-
tion of 0°, 120° and 240°) was recorded for each location
and implant. The measurements in the IP group were
subtracted from those of their control analogues, thus
obtaining the thinning of the implant for each variable.

Fracture tests

Metallic hemispherical load abutments (n=48) were
digitally designed, milled and screwed onto each implant
according to subgroup (Fig. 3a-c), using prosthetic
screws (Avinent® Implant System, Santpedor, Spain) at
32 N/cm, as recommended by the product manufacturer.
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Fig. 2 Radiographic measurements of the implant wall width. Left:
control implant; right: IP implant. Blue lines: length at middle of the
first (R1) and tenth (R2) threads and at the end of the prosthetic screw
hole (R3), perpendicularly to the long axis of the implant; red line:

1.9 mm reference

Tests to measure the maximum compression force (F ),
i.e. the maximum force reached before implant fracture,
were performed at a constant speed of 1 mm/min with
a universal servo-hydraulic mechanical testing machine
(MTS Bionix 370 Load Frame, MTS®, Eden Prairie,
USA), applying a compression load to the implants with
a 661.19H-03 MTS Load Cell of 15 kN capacity. All the
samples were held in the same device, a manufactured
stainless-steel clamping jaw that allowed compression
loads to be applied at a constant angle of 30° from the
vertical axis (Fig. 3d), in accordance with ISO 14801:2016
(third edition), except for the supracrestal 50% of the
total implant length. The tests were monitored by the
MTS Flextest 40 Controller (MTS®, Eden Prairie, USA),
which measured F,,, and recorded real-time data.

Scanning electron microscopy (SEM) (Quanta 200%,
FEI, Hilsboro, Oregon, United States) screening of the
fractured implants was used to determine the fracture
location.

Statistical analysis

The sample size calculation was performed with Stata
v.14 software (StataCorp®, College Station, USA). Con-
sidering F,, as the primary outcome measure, an
analysis of variance with an « risk of 0.05 and a statisti-
cal power of 80% was performed. The mean fracture
resistance values published by Gehrke [24] were used.
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Fig. 3 IP samples after fracture test:a CIR 2:1, b CIR 2.5:1, c (IR 3:1, d fracture test diagram

Assuming a standard deviation of 500 N, the sample size
was established as 8 implants per subgroup.

The implant characteristics were presented as abso-
lute and relative frequencies for categorical outcomes.
The normality of the scale variables (F,, and implant
wall width) was explored using the Shapiro—Wilk test,
P-P scatterplot graphs and box plots. Since F,,, and the
implant wall width variables had a normal distribution
the mean and the standard deviation (SD) were used.

To analyze the effects of the procedure (IP or control)
on F_ ., of the crown length (7.5, 11.25 or 15 mm), and
of the interaction between these two variables, a two-way
ANOVA was performed. The ANOVA assumptions were
assessed using the Shapiro—Wilk test for normality and
Levene’s test for homoscedasticity. Pairwise comparisons
between subgroups, using Tukey’s correction for multi-
plicity of contrasts, were made for each procedure and
CIR. An unpaired ¢ test was used to identify differences
in implant wall width between the control and IP groups
at every reference point. In each area of interest, Pearson
correlation coefficients were computed to quantify the
correlation between implant wall width and F__ . The
associations between categorical variables were assessed
with either Pearson’s x? test or Fisher’s exact test.

The statistical analysis was carried out with Statal4
software (StataCorp®, College Station, TX, USA). The
level of significance was set at P<0.05.

Results

Fracture tests

No correlations between implant wall width meas-
urements and F_, were observed at any of the refer-
ence points (Table 1). Significant reductions in F,_,,

between the control and IP implants were only found
in the 2.5:1 CIR subgroup (P=0.037), although all
the IP samples showed less resistance to fracture than
their respective controls (Table 2, Fig. 4). In both
IP and control groups, the implants with a 2:1 CIR
showed a higher F__, (control=1276.16 N+169.75;
IP=1211.70 N+281.64) than those with a 2.5:1 CIR
(control=815.22 N+185.58; IP=621.68 N+ 186.28)
and 3:1 CIR (control = 606.55 N+111.48;
IP=465.95 N £68.57). No significant differences were
observed between the 2.5:1 and 3:1 subgroups (control
P=0.064; IP P=0.206) (Table 3, Fig. 4).

Most fractures (n =43) were located in the platform
area (Fig. 5a, b). The only 5 exceptions were found in
implants with IP of the 2:1 CIR subgroup [4 fractures in
the implant body (Fig. 5¢) and 1 in the prosthetic screw
(Fig. 5d)].

Radiographic implant wall width measurements

The mean reduction in the implant wall width after IP
was 0.41 (CIR 2:1), 0.41 (CIR 2.5:1) and 0.37 mm (CIR
3:1) at R1; 0.46 (CIR 2:1), 0.45 (CIR 2.5:1) and 0.46 mm
(CIR 3:1) at R2 and 0.45 (CIR 2:1), 0.43 (CIR 2.5:1) and
0.4 mm (CIR 3:1), at R3 (Table 1). In all the subgroups,
IP was associated with a statistically significant reduc-
tion in width at reference points 1-3 (P <0.05, inde-
pendent samples ¢ test) and a similar value was found
at each reference point (P>0.05 in all cases; one-way
ANOVA) regardless of the crown length subgroup of
the implant. No perforation of the inner threads of the
implants were observed.
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Table 1 Implant wall width measurements (mm) of IP and control samples at each reference point (n=48)
Reference point Control P
Mean (SD) Mean (SD) MD (95%(Cl) Independent samples ANOVA
ttest Pvalue
P value
R1 (first thread)
2:1 3.44 (0.02) 3.03 (0.04) 041 (0.37-0.44) <0001" 0.103
25:1 3.44 (001) 303 (0.04) 041 (0.38-0.45) <0001"
31 345 (0.02) 3.08 (0.04) 0.37(0.33-0.40) <0001"
R2 (tenth thread)
2:1 3.32(0.03) 286 (0.03) 046 (0.42-0.49) <0001" 0.949
25:1 3.31 (0.02) 2.86 (0.04) 045 (0.41-0.49) <0001"
31 3.34 (0.03) 2.89 (0.06) 0.46 (0.41-0.50) <0001"
R3 (end of the prosthetic screw hole)
2:1 3.07 (0.03) 262 (0.06) 0.45 (0.40-0.50) <0001" 0.163
251 3.07 (0.05) 264 (0.04) 0.43(0.38-047) <0001
31 3.07 (0.02) 268 (0.04) 0.40(0.36-0.43) <0001"

" Statistically significant difference
MD mean difference (Control—IP)

Table 2 Mean fracture strength (N) of the three CIR in the IP and control samples

CIR Control P
Mean (SD) Mean (SD) MD (95%Cl) Adjusted P value
2:1 1276.16 (169.75) 1211.70 (281.64) 6446 (—117.17 to 246.09) 0478
251 815.22(185.58) 621.68(186.28) 193.54 (11.91-375.17) 0.037
31 606.55(111.48) 465.95 (68.57) 140.60 (—41.03t0 322.24) 0.126
Total 899.31(323.58) 766.44 (379.19) 132.87 (—71.95t0 337.69) 0.198

" Statistically significant difference
MD mean difference (Control—IP)

Discussion

The main objectives of this in vitro study were to deter-
mine if narrow platform titanium implants with an
external hexagonal connection subjected to IP were
more prone to fracture in the presence of 50% bone loss,
and to analyze if an increased CIR reduces the fracture
resistance of implants with IP vs. control implants. The
results of the present study show that IP only signifi-
cantly reduced the F_ value in the 2.5:1 CIR subgroup.
Besides, the mean total values of the 3 CIR subgroups
showed no significant differences in F ,  between the
control and IP samples (Table 2). CIR seems to be a much
more relevant variable than IP, since both the IP and con-
trol implants showed significant reductions in F,, in the
2.5:1 and 3:1 CIR subgroups when compared to the 2:1
subgroup (Table 3). Indeed, while IP reduced the mean
fracture strength by 132.87 N, a higher CIR (2.5:1 or 3:1)
led to a mean difference of 525.48 N or 707.68 N, respec-
tively (Tables 2, 3).
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Similar in vitro protocols have been described previ-
ously, although with different implants, bone insertion
levels and loading abutments [15, 24-27]. Shemtov-
Yona et al. used intact 13 mm-long implants with
different widths and performed similar static tests,
finding F , values of 674 N+£57 (3.3 mm implants),
952 N+£103 (3.75 mm implants) and 1584 N=+115
(5 mm implants), showing that implant wall width can
affect resistance outcomes of intact implants [28]. On
the other hand, Chan et al. using internal hexagonal
implants, compared control and IP samples with differ-
ent widths (3.75 and 4.7 mm) and showed that IP did
not significantly affect the resistance to fracture of 3.75
diameter implants (321.7 N+£21.4 vs. 325.0 N£20.7)
[15]. The fact that our report presents higher F__ val-
ues (Table 2) might be considered surprising since the
implant diameter was inferior (3.5 mm), the CIRs were
unfavorable and the simulated bone level was of 50%.
This discrepancy might be justified by the fact that our
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Maximum compresion force (N)

- B - Implantoplasty
—e— Control

T
3z 2.5:1

2:1

Crown to Implant Ratio
Fig.4 Mean fracture strength (N) of the three CIR ratios in the IP and control samples

Table 3 Mean fracture strength (N) of the IP and control
groups in the three clinical CIR subgroups

Group CIR1 CIR2 MD(95%Cl) Adjusted P value
Control 211 25:1 46094 (242.27-679.60) <.001°
31 669.60 (450.94-888.27) <001

251 31 208.67 (—9.99 to 427.33) 064
P 21 25:1 59002 (371.36-808.68) <.001°
31 74575 (527.09-964.41) <001

251 31 155.73 (—62.93 t0 374.39) 206

Total 21 2511 52548(363.58-687.38) <001
31 707.68 (545.78-869.57) <001

251 31 182.20 (20.30-344.10) <001

" Statistically significant difference
MD mean difference (CIR1—CIR2)

study employed external hexagonal implants which
have shown higher F . values in comparison with
internal hexagonal implants in a recent published paper
[26].

Significant differences in implant wall width due to
the IP procedure were observed at all the reference
points, but no perforations of the inner threads were
found. The reduction in implant diameter at each of
the 3 reference points ranged from 0.37 mm (95% CI
0.33-0.40 mm) to 0.46 mm (95% CI 0.41-0.50 mm) in
the IP test samples. Other authors with similar IP pro-
tocols have reported lower reductions [25, 29]. These
discrepancies might be explained by differences in
the degree of polishing, but are more likely to be the

result of different implant geometries, namely thread
depth and model. Thus, further studies with different
implants should be carried out, since their design and
material are likely to affect the implant’s resistance to
fracture. A similar extent of change was found at each
reference point (P> 0.05 in all cases; one-way ANOVA),
regardless of the crown length subgroup of the implant,
showing the similarity of the IP across all these sam-
ples, which would indicate that the procedure should
be easy to reproduce.

Previous reports have claimed that implant diameter
affects stress fatigue behavior and that dental implants
will attain a critical stress point at lower loadings when
subjected to IP [15, 27, 28]. The present results cor-
roborate this finding, as lower resistance to fracture
was observed in the IP groups (Table 2). All the IP
groups showed less F__ values than the control groups,
although these differences were found to be significant
in only one of the CIR subgroups (2.5:1). Hence, narrow
platform implants seem to be structurally weakened by
IP procedures, although the most relevant risk factor for
mechanical complications in the presence of 50% of bone
loss seems to be CIR, as the mean F___values dropped
to almost half between the 2:1 and 2.5:1 CIR sub-
groups (mean difference 590.02 N, 95% CI: 371.36 N to
808.68 N) and by 61.6% between 2:1 and 3:1 (mean differ-
ence 745.75 N, 95% CI: 527.09 N to 964.41 N) (Table 3).
Bertl et al. [22] having obtained a statistically significant
reduction of fracture resistance on IP implants, reported
that the forces required to fracture or deform a narrow
diameter implant with IP remained high and therefore,
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Fig.5 SEM screening: a IP sample platform fracture; b control sample platform fracture; ¢ IP sample body fracture; d prosthetic screw fracture;

this reduction has a limited clinical relevance in the
majority of cases.

In both the IP and control groups, F . decreased
with increasing CIR, although the only significant dif-
ferences were between CIR 2:1 and the other two sub-
groups (Table 3). No significant differences between CIR
2.5:1 and 3:1 were observed despite the latter’s resist-
ance to fracture being lower in both the IP and control
implants (Control: 815.22 N vs. 606.55 N; IP: 621.68 N vs.
465.95 N). This outcome might be related with the lim-
ited sample size and with the observed standard devia-
tions. However, it is important to stress that the lowest
resistance value was found in the 3:1 CIR subgroup with
IP (465.95 N +£68.57).

In the present study, the area mostly affected by
fracture was the platform, which would suggest that
the platform is more fragile than the body in narrow
fixtures. While all the control implants broke at the
platform, in the IP group with a 2:1 CIR some frac-
tures occurred in the body (n=4) and prosthetic screw
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(n=1), suggesting that IP reduces the mechanical
resistance of the implant body. However, when higher
CIRs were tested the stress seemed to be directed
towards the platform and the prosthetic connection,
and therefore all the fractures occurred in this area.
Other studies using regular platform implants have
found that implants subjected to IP usually break at
the implant body, and although IP does not seem to
decrease the maximum compression force of regular
diameter external connection implants significantly,
it clearly weakens the implant body [25]. Upon test-
ing different CIRs with 3.5 mm intact external hexa-
gon implants, fracture screw and implant platform
deformation have been reported along with reduced
resistance to fracture with increasing CIR. Gehrke per-
formed an in vitro study with 60 implants with 3 dif-
ferent connections and also concluded that increasing
the crown height significantly reduces the resistance
to loading [24]. According to this paper, the abutment
connection type also seems to be a relevant variable in
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the fracture resistance of dental implants, since morse
taper implants seem to be less prone to fracture than
external and internal hexagonal connections. However,
IP may alter these results. Indeed, a recently published
paper compared the fracture resistance after IP of three
connection designs and concluded that external hex-
agonal connection implants have a higher resistance
to fracture [26]. Another variable that should be taken
into consideration is the degree of bone loss. This fac-
tor might be relevant since it affects the clinical crown
height [30].

The present study presents some limitations related
to its in vitro design. Firstly, the IP procedures were
performed by hand to simulate real-life conditions,
instead of using a milling machine. Although this might
compromise the standardization of the implant reduc-
tion slightly, it increased the external validity of the out-
comes. Secondly, long implants (15 mm) were selected
in order to assure adequate retention in the resin dur-
ing the fracture tests. The length and 50% exposure of
the implant provide information especially for extreme
bone loss cases. In addition, 3.5 mm wide implants
were selected because previous reports have shown
that narrower implants must be addressed carefully
for IP [15]. Nevertheless, narrow implants are widely
used and bone loss from PI can affect any implant.
Consequently, these factors were considered valuable
for understanding the threshold of fracture resistance.
Although a 15 mm long implant with a 15 mm long res-
toration is not common, considering a bone level type
implant it represents a standard 1:1 CIR. Also, when
PI has caused the loss of 5 mm of bone, the 1:1 clini-
cal CIR of a 10 mm long implant with a 10 mm long
restoration becomes a clinical CIR of 3:1, similar to that
of the 15 mm abutment subgroup in this study. In addi-
tion, the static compressive loads at a 30° angle used
for fracture testing do not replicate the daily complex
oral function of patients [31]. However, the methodol-
ogy employed complied with ISO guideline 14801:2016
(third edition), except for the vertical exposure of the
implant, allowing comparison with previous studies.
Nevertheless, future research should include dynamic
fatigue tests to determine the clinical relevance of the
fracture resistance encountered. According to Gibbs
et al,, the maximum human clenching force covers a
wide range, from 98 to 1243 N, and is affected by sev-
eral factors including age, gender and tooth support
[32]. The top of this range would fracture all the sam-
ples except for the controls with a 2:1 CIR [1276.16 N
(6=169.75)].

Bite force seems to decrease from molar to premo-
lar and to incisor. Maximum bite forces measured in
male subjects are higher than those of female subjects
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according to Umesh et al. [33]. The same authors found
maximum bite forces of 744 N in molars, 371 N in pre-
molars and 320 N in incisors.

Considering the above outcomes and comparing them
with the present data, IP procedures with a CIR of 2:1
(mean fracture strength 1211.70 N=+281.64) would
present a low fracture risk regardless of implant posi-
tion, and fracture risk would be of concern after IP
in molar regions with a CIR of 2.5:1 (mean fracture
strength 621.68 N+ 86.28) or 3:1 (mean fracture strength
465.95 N+68.57).

In such cases, it would be advisable for clinicians to
perform a risk—benefit analysis, since implant fractures
are more likely to occur. Therefore, as the Young modulus
of different titanium alloys and ceramic implants varies,
further research is needed to determine the resistance to
fracture of new materials used for dental implants.

Conclusions

IP significantly reduces the fracture resistance of
implants with a 2.5:1 CIR. The results also suggest that
the CIR seems to be a more relevant variable when con-
sidering the resistance to fracture of implants, since sig-
nificant reductions were observed when unfavorable CIR
subgroups (2.5:1 and 3:1 CIR) were compared with the
2:1 CIR samples.
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Abstract

Background: Implantoplasty (IP) involves polishing of the exposed surface of implants affected by peri-implan-
titis (PI). A study was made to determine whether the degree of bone loss influences the fracture resistance of
implants with or without IP.

Material and Methods: An in vitro study was carried out on 32 narrow (3.5 mm) dental implants with a rough
surface and external hexagonal connection. Implantoplasty was performed in half of the implants of the sample.
Both the IP and control implants were divided into two subgroups according to the amount of bone loss (3 mm
or 7.5 mm). Standardized radiographic assessment of implant width was performed using specific software. The
main outcome variable was the maximum compression force (F_ ) of implants when subjected to static resistance
to fracture tests. Implant fractures were subsequently analyzed by scanning electron microscopy. A descriptive
and bivariate analysis of the data was performed.

Results: Significant changes in implant width were observed after IP (p<0.05). No significant differences between
IP and control implants were recorded in terms of the F___values in the two bone loss subgroups (3 mm: control
854.37N = 195.08 vs. IP 752.12N = 186.13; p=0.302, and 7.5 mm: control 548.82N = 80.02 vs. IP 593.69N = 111.07;
p=0.370). Greater bone loss was associated to a decrease in F__, which proved significant for the control implants
(p=0.001). Fractures were more frequently located in the platfdrm (n=13).
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Conclusions: Implants with more apical bone levels appear to be more susceptible to fracture. On the other hand,
IP does not seem to significantly decrease the fracture resistance of narrow (3.5 mm) platform dental implants with
external hexagonal connections. The fact that most fractures occur in the platform area indicates that the latter is

exposed to more mechanical stress.

Key words: Peri-implantitis, dental implants, compressive strength, titanium, implantoplasty.

Introduction

Peri-implantitis (PI) is a common disease that affects an
important number of patients with dental implants (1,2).
This complication leads to progressive peri-implant
bone loss, creating defects of different anatomical char-
acteristics, shapes and sizes (3).

Different approaches have been suggested for the treat-
ment of PI, ranging from non-surgical to surgical options.
Although a number of authors have described different
resective and/or regenerative protocols, some controver-
sy remains regarding the most effective treatment for PI
(4-6). Non-surgical therapies seem to be mostly ineffec-
tive in preventing disease progression in the presence of
moderate or severe PI, though some reports claim other-
wise (7). On the other hand, surgical techniques are usu-
ally considered to be more predictable, since they seem
to hinder the progression of bone loss (8,9).
Implantoplasty (IP) involves polishing of the exposed
rough surface of implants presenting bone loss, with the
purpose of detoxifying and smoothening these areas to
prevent biofilm accumulation (6,10). However, a number
of concerns have been raised, such as bone necrosis due
to increased temperature, local and systemic toxicity of
titanium particles released during IP, and a reduction of
resistance to fracture (11,12). It is therefore important
to determine whether IP is a safe technique that does
not compromise the long-term prognosis of dental im-
plants. Several in vitro reports seem to indicate that IP
does not significantly reduce the mechanical resistance
of dental implants (13,14). However, a number of other
variables may also affect this parameter. For example,
the amount of bone loss resulting from PI inevitably
modifies the mechanical equilibrium of the implant-

(@)
3mm bone loss
P (n=8)
Implantoplasty (Experimental b
/ Groups; n=16) \
/ \._7,5mm bone loss
/ (n=8)
1SmmNP /
implants (n=32) \
A 3 mm bone loss
\ A (n=8)
. Noimplantoplasty (Control -
Groups; n=16) 3
. 7,5mm bone
loss (n=8)

(b)

(d)

abutment-restoration complex, and can lead to compli-
cations related with the prosthetic components and im-
plants (15). Indeed, bone loss together with other factors
such as implant diameter, crown-to-implant ratio (CIR)
and bruxism have been associated with an increased
risk of dental implant fractures (16). The implant design
and connection might also be important in relation to
mechanical resistance (17,18). As mentioned, implants
with bone loss often require IP. This procedure reduces
the thickness of the implant walls, which in turn can
weaken the implant (19). Based on finite element analy-
sis, IP has been associated to a 10% decrease in implant
resistance to fracture, independently of the bone level.
Also, it is important to underscore that a critical thresh-
old might be reached when more than half of the length
of the implant has lost bone support (20).

Due to the scarcity of scientific data for supporting
clinical decisions, an in vitro study was carried out to
analyze the influence of bone loss upon the fracture re-
sistance of narrow dental implants with hexagonal ex-
ternal connections with and without IP.

Material and Methods

An experimental in vitro study was made of 32 titani-
um-type V narrow platform (3.5 mm) dental implants
measuring 15 mm in length, with a rough surface and
a hexagonal external connection (Ocean E.C., Avi-
nent Implant System S.L., Santpedor, Spain). Sixteen
implants were randomly established as control group,
while the remaining 16 served as the IP group. In turn,
two additional subgroups of 8 implants each were estab-
lished according to the amount of simulated bone loss (3
mm or 7.5 mm) (Fig. 1).

(c)

Fig. 1: (a) Study design, groups and sub-groups: (b) 3 mm IP sample; (c) 7.5 mm IP sample; (d) 3 mm control sample;

(e) 7.5 mm control sample. NP: narrow platform.
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All implants were embedded in standardized bone-like
resin casts (EA 3471 A and B Loctite®, Henkel AG &
Company, Diisseldorf, Germany) with > 3 GPa modu-
lus of elasticity according to the International Organi-
zation for Standardization (ISO) 14801:2016 (third edi-
tion) (Fig. 1), and received a customized hemispherical
loading abutment. The protocol used is similar to that
described in a recent paper (14).

- Implantoplasty

Implantoplasty was performed according to the tech-
nique described by Costa-Berenguer et al. (13). In
short, an oval-shaped tungsten carbide bur (H379 314
023; Komet Dental, Lemgo, Germany) and two sili-
con carbide polishers (9618 314 030 and 9608 314 030;
Komet Dental, Lemgo, Germany) were used to remove
and polish all the exposed areas of each implant with
a high-speed handpiece. The procedure was performed
by an experienced surgeon (BLA) with 2.8x magnifi-
cation loupes (Galilean HD and Focus™ LED 6000k,
ExamVision ApS, Samse, Denmark).

- Radiographic assessment of implant width
Modifications of implant width were evaluated radio-
graphically according to the procedure described by
Camps-Font et al. (21) using plain X-rays and then ro-
tating them 120° and 240° using standardized mounts.
All measurements were performed with Imagel v.1.51
(National Institutes of Health, Bethesda, MD, USA) by
a calibrated investigator (BLA) under 400x amplifica-
tion. Six random implants were assessed twice to test
intra-examiner agreement and consistency. The intra-
class correlation coefficients (ICCs) were 0.96 (95%
confidence interval (95%CI) 0.93 to 0.98; p<0.001) and
0.96 (95%CI 0.92 to 0.98; p<0.001).

Three reference areas were selected for the measure-
ments: length at the middle of the first thread (R 1), tenth
thread (R2) and at the end of the prosthetic screw hole
(R3), perpendicular to the long axis of the implant. Ref-
erence point R3 could not be assessed in the 3 mm sub-
group, because this area was embedded in radiopaque
resin. The mean measurements of the IP group were
subtracted from their control analogues, thus obtaining
mean reduction of the implant at each reference point.

- Fracture tests

Resistance to fracture tests were performed in each
group to determine the maximum compression force
(F_,.) reached before implant fracture occurred (main
outcome variable). This procedure was similar to that
described by Leitao-Almeida et al. (14), except for the
amount of implant inserted in the resin and the length
of the load abutment. In brief, 7.5 mm-high metal
hemispheric load abutments (n=32) were placed on
each implant using prosthetic screws (Avinent® Im-
plant System, Santpedor, Spain) at 32 N/cm. All tests
were performed in accordance with the UNE-EN ISO
14801:2016 (third edition) guideline parameters, except
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for supracrestal exposure of the 7.5 mm subgroup. A
universal mechanical testing machine (MTS Bionix
370 Load Frame; MTS®, Eden Prairie, USA) applied
compression force to the implants with an MTS Load
Cell 661.19H-03 of 15 kN capacity. Compression forces
were applied at a constant angle of 30 degrees from the
vertical axis. Tests were controlled using MTS Flextest
40 (MTS®, Eden Prairie, USA) that recorded real-time
data and measured F__ .

A descriptive analysis of the fractured implants was
made from photographs taken with a scanning electron
microscope (SEM) (Quanta 200®, FEI, Hilsboro, OR,
United States).

- Statistical analysis

Previous results from Gherke er al. (17) were used to
perform the sample size calculation using Stata v.14
(StataCorp®, College Station, USA). Considering F_
as the primary outcome measure, an analysis of vari-
ance (ANOVA) with an «a risk of 0.05 and a statistical
power of 80% was performed. Assuming a standard de-
viation of 500 N, the sample size was established as 8
implants per group.

Scale variables (F_ _and implant width) were explored
with the Shapiro-Wilk test, P-P scatter plots and box
plots. The interquartile range (IQR) and median were
reported when normal data distribution was rejected.
The mean and standard deviation (SD) were employed
in the presence of a normal distribution.

To analyze the effect of the group (IP or control) and
subgroup (bone loss of 3 mm or 7.5 mm) upon F_ , and
the interaction between these two variables, two-way
ANOVA was performed. The ANOVA assumptions
were assessed using the Shapiro-Wilk test for normal-
ity and Levene’s test for homoscedasticity. Pairwise
comparisons were made using Tukey’s correction for
multiplicity of contrasts. An unpaired t-test was used to
identify differences in implant width between control
and IP implants. In each area of interest, Pearson cor-
relation coefficients were computed to quantify the cor-
relation between implant width and F__ . Pearson’s
test or Fisher's exact test were performed for categorical
variables.

The statistical analysis was carried out with Statal4
(StataCorp®, College Station, TX, USA). The level of
statistical significance was set at p < 0.05.

Results

- Fracture tests

No correlations were observed between implant wall
width and F__at any of the reference points (Fig. 2).
There was no significant decrease in F . when compar-
ing control and IP samples within the same bone loss
subgroup (3 mm: control 854.37N = 195.08, IP 752.12N
+ 186.13, p=0.302; 7.5 mm: control 548.82N = 80.02, [P
593.69N = 111.07, p=0.370) (Table 1, Fig. 3).
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Fig. 2: Scatter plot assessing the relationship between maximum compression force (F ) and mean sample diameter.

Table 1: Mean fracture resistance (N) of the bone loss subgroups in IP and control implants.

Bone loss subgroup Control 1P Total sample MD (95%CI) P-value
3mm Mean (SD) | 854.37(195.08) | 752.12(186.13) | 803.25(19161) | 102.24 (-102.21t0 306.70) | 0.302
7.5 mm Mean (SD) | 548.82 (80.02) | 593.69(111.07) | 570.85(9645) | -44.87 (-148.69 10 58.94) | 0.370

MD (5%CT) (l45.6350t5<;5:65.43) (-5.94: - '§32.79) (121.22233643(213.58)

P-value 001° 058 <001*

*Statistically significant difference (»<0.05); MD: mean difference (control - IP); 95%CI: 95% confidence interval.
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Fig. 3: Relationship between maximum compression force (F_ ) and the amount of bone loss.

A significant decrease in F_ _was observed in the 7.5
mm bone loss subgroup in the control samples (mean
difference (MD) 305.54N = 145.65-465.43, p=0.001),
and the effect of IP was similar in each bone loss sub-
group (Table 1, Fig. 3).

All control and 13 of the 16 IP implants fractured at
platform level (Fig. 4). In the IP group, two implant
body (Fig. 4) and one prosthetic screw fractures were
also observed (Fig. 4).

- Radiographic assessment of implant width
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The mean reductions in implant width after IP are re-
ported in Table 2. Implantoplasty was associated to
a statistically significant decrease in width at the ob-
served reference points in all subgroups (p < 0.05, inde-
pendent samples t-tests). The magnitude of the decrease
was also similar across the bone level subgroups (p >
0.05, one-way ANOVA).

No correlations were observed between implant wall width
andF_ atany of the reference points (Fig. 2). There were

max

no perforations of the inner threads in any of the samples.



Fig. 4: Scanning electron microscopy. (a) Lateral view of a control sample platform fracture; (b) Upper view of a control
sample platform fracture: (¢) Lateral view of an IP sample platform fracture; (d) Upper view of an IP sample platform fracture;
(e) Detail of implant body fracture in an IP sample; (f) Detail of prosthetic screw fracture.

Table 2: Mean implant width (mm) in the IP and control groups at each reference point (n=32).

Control 1P
Reference point Mean (SD) Mean (SD) MD (95%CT) U"";f:;fu:'“' ’:,‘\i(:l‘l: *e‘
R1 (Length at the middle of the first thread)
3 mm 3.37 (0.05) 3.05 (0.06) 0.31 (0.26 to 0.38) <0.001" 0.685
7.5 mm 3.41 (0.03) 3.10 (0.06) 0.30 (0.26 to 0.35) <0.001"
R2 (Length at the middle of the tenth thread)
3 mm 3.27 (0.05) 2.80 (0.11) 0.47 (0.38 to 0.56) <0.001" 0.223
7.5 mm 3.29(0.03) 2.89 (0.08) 0.40 (0.34 to 0.47) <0.001"
R3 (Length at the end of the prosthetic screw hole)
3 mm NA NA NA NA NA
7.5 mm 3.03 (0.03) 2.62 (0.05) 0.41 (0.36 to 0.46) <0.001"

*Statistically significant difference (p<0.05); MD: mean difference (control - IP); 95%CI: 95% confidence interval; NA: not applicable.

Discussion

Based on the results obtained, IP does not seem to have
a significant impact upon the resistance to fracture of
narrow platform implants with an external hexagonal
connection (Table 1). On the other hand, the amount of
bone loss appears to be a relevant factor in relation to
fracture resistance, since the F_  required to fracture
implants in the 7.5 mm subgroups was significantly
lower than in the 3 mm subgroups (3 mm: 803.25N =
191.61; 7.5 mm: 570.85N = 96.45; p<0.001) (Table 1).
Thus, clinicians should be aware that narrow diameter
implants with significant bone loss might be more likely
to suffer fractures, and that IP does not seem to add any
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additional risk. Although the mean fracture resistance
of IP implants decreased when bone loss increased, this
decrease was not statistically significant. A possible ex-
planation for this is that most fractures occurred in the
coronal region of the implant (platform area), indicating
that this appears to be the most fragile area. Future re-
search should assess whether these results are also valid
for internal connection implants.

As expected, a significant reduction in implant width
was observed at all reference points due to the IP proce-
dure. Several authors have emphasized that implant di-
ameter affects fatigue behavior of the fixtures, and that
IP probably reduces the forces required to reach a criti-



cal stress point (15,20,22). The present report appears to
contradict this statement, however, since the mean F__
values of the control versus IP implants were similar.
Nevertheless, it is important to stress that IP is not the
only variable that should be considered when analyzing
the mechanical resistance of dental implants with PI. In-
deed, recent studies have shown that implants with in-
ternal connections or with an unfavorable CIR seem to
be more susceptible to fracture, and that parafunctional
habits, implant design and base material can also affect
implant strength - thus indicating that these variables
also need to be taken into account (13—15,21). Likewise,
our results suggest that the amount of bone loss appears
to be a more relevant parameter than IP. A reduction
of 305.54 N (95%CI 145.65 to 465.43; p=0.001) was
observed in the control implants when the bone level
shifted from 3 mm to 7.5 mm. The IP implants also pre-
sented a difference of 158.43 N (95%CI -5.94 to 322.79;
p=0.058) (Table 1), which is in accordance with previ-
ous reports on the impact of bone loss and increasing
pocket depths upon dental implant fractures (16).
Using finite element analysis, Tribst ez al. (20) found
that implants with lower insertion levels might increase
damage to the bone. Also, IP increases stress in the im-
plant and prosthetic screw, and there is a critical thresh-
old when the inserted part of the implant is smaller than
the exposed part. Similar methodology was employed
by other authors who also found that the implant embed-
ding depth affects resistance to fracture (23). All these
outcomes seem to be confirmed by the present study.
The platform area of narrow implants with hexagonal
external connections seems to be more fragile than the
body, since all control implants fractured at this point.
In the 3 mm bone loss subgroup, all implants (n=16)
fractured at platform level. However, in the 7.5 mm
bone loss subgroups, two IP implants fractured in the
body area and, in one case, the prosthetic screw broke
- thus suggesting that IP might reduce mechanical re-
sistance of the implant body with increasing bone loss.
Consistent with the present findings, other authors have
also reported deformations at the platform border in all
tested samples, reinforcing the idea that the platform
area might be more susceptible to increased forces (17).
When regular platform implants are subjected to IP,
body fractures are more common in comparison with
those observed in control implants, thus suggesting that
IP weakens the implant body (13).

Some important clinical messages might be drawn from
the present results. On one hand, clinicians should be
aware that deep peri-implant bone defects are a risk fac-
tor for implant fracture. On the other hand, even though
IP reduces the thickness of the implant walls, it does
not seem to decrease the resistance to fracture of the
fixtures. One might argue that this study simulates a
very adverse clinical situation. Indeed, it is uncommon

cb

104

to find single-unit narrow diameter fixtures with deep
peri-implant bone defects in the daily practice. In our
opinion, this can also be seen as an advantage since
it probably indicates that IP is unlikely to affect the
fracture resistance in more favorable scenarios where
regular- or large-platform implants are involved. Also,
splinted restorations supported by several narrow im-
plants are likely to have a better mechanical behavior
and therefore less risk of fracture (24).

The in vitro design of the present study implies a num-
ber of limitations. First of all, the IP procedures were
not fully standardized. However, it is unlikely that
this limitation could have affected the results, since
the implant width radiographic analysis showed simi-
lar reductions for both subgroups. On the other hand,
IP was performed while holding the implant with the
hand. This fails to reproduce the real-life clinical sce-
nario, where the access can affect the outcome of the
technique. Nevertheless, this method has been used pre-
viously, so comparisons can be made with the results of
other authors (13,14,21). Another possible drawback is
related to the fact that static compressive load testing
may fail to replicate the complex daily oral function of
patients (25). However, this methodology was selected
in order to comply with ISO guideline 14801:2016 (third
edition). On the other hand, the use of dynamic fatigue
tests would increase the external validity of the results,
and should be considered in future research. Also, the
present report only evaluated 3 mm- and 7.5 mm-high
peri-implant horizontal bone defects. Still, these sub-
groups may be interpreted by clinicians as respectively
representing initial or advanced peri-implantitis cases.
Finally, different prosthetic materials might have an im-
pact upon the mechanical dynamics of the implants, and
additional studies are needed to assess these variables.
Within the limitations of the present in vitro study,
advanced bone loss should be considered a risk factor
when assessing the resistance to fracture of narrow di-
ameter implants with external hexagonal connections.
Although IP significantly reduces the thickness of the
implant walls, it does not seem to significantly alter
the mechanical resistance of dental implants with the
abovementioned features.
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Discussion

Overall, the combined experiments depicted in this work aimed to evaluate mechanical
changes that occur in 3.5 mm platform dental implants submitted to IP with different BL
and CIRs, in a controlled environment. Both studies suggest that IP does not increase the
risk of fracture of dental implants and that other variables such as the CIR or BL
significantly affect the mechanical resistance of dental implants. Accordingly, clinicians
should consider CIR and BL as relevant variables when assessing the risk of fracture in
implants with PI requiring implantoplasty.

The high incidence of peri-implant diseases, that has been reported to affect up to 46% of
all implants placed (71,90,151), suggests an increasing need to develop evidence-based
treatment protocols for these complications.

IP seems to improve the prognosis of implants with PI by reducing surface roughness of
dental implants leading to inhibition of the biofilm growth without compromising the
biocompatibility of the titanium base material (152). Indeed, a 87% rate of implant
survival has been reported over a 2-6 years of follow-up period when a combined
resective-1P surgical treatment was applied (114). This combination seems more effective
than resective surgery alone (104,115). Also, PI treatments that include IP have shown a
significant decrease in clinical probing depth and bleeding/suppuration on probing over
a 3-year follow-up period (116,153). There is also evidence that a resective surgical
procedure with chemical decontamination using 0.12% chlorhexidine and 0.05%
cetylpyridinium but without any implant surface modification does not seem to provide
clinical benefit in comparison with placebo (154).

Romeo et al. (108) compared resective surgery without surface modification vs. resective
surgery with IP on PI cases with probing depths of more than 4mm. Significantly better

results were achieved in the experimental group thus suggesting that more favourable
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outcomes are expected when IP is performed. Laser therapy also seems to be a good
alternative. Indeed, Pommer et al. (155) showed similarly high success rates (around
89%) using either IP or laser (155).

On the other hand, recent studies failed to find a significant effect of IP on the survival
rate of the implants (117). A recent retrospective clinical study (117) has claimed that the
BL at the time of surgical treatment seems to be a more reliable predictor of implant
survival in comparison with IP. These authors also found that changes in clinical
parameters such as marginal BL, bleeding on probing, pocket depth and suppuration were
related to the regularity of supportive peri-implant care and not to the use of IP.
Typically, IP is performed using diamond or carbide burs followed by silicone polishers.
Ramel et al. (156) compared six IP protocols and concluded that the best outcome was
attained using rotary diamond burs with decreasing roughness followed by an Arkansas
stone. All the tested options had a higher surface roughness in comparison with machined
surfaces (156). In the present thesis, a simplified IP sequential protocol that employed an
oval-shaped tungsten carbide bur followed by a two-step polishing with silicone carbide
burs was used. This protocol has been described by Costa-Berenguer et al. (120) with
good results in terms of final surface roughness.

Some authors have raised concerns regarding IP namely the reduction of the mechanical
properties of the implant core or the connection system, thermal injury to the surrounding
bone, staining of the surrounding mucosa and inflammatory reaction associated with the
release of titanium particles. However, to the best of our knowledge, the available
evidence does not suggest any relevant mechanical or biological complications associated
with IP on the short- and medium-term, provided that the procedure is done correctly

(123). In fact, regarding mechanical complications, although IP has been previously
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associated with significant reduction in the width of implant walls no perforations of the
inner threads are expected, in line with the results of the present studies (120,157).

In the first study of this thesis, the mean total values showed no significant differences in
the fracture resistance between control (95%CI: 899.31N+323.58) and IP samples
(95%CI: 677.44N £379.19), although in the CIR 2.5:1 subgroup, IP implants showed a
significantly lower maximal compression force (95%CI: 815.22N+185.58 vs.
621.68N+186.28 p=0.037). A significant reduction in mechanical resistance was
observed in the 2.5:1 and 3:1 subgroups in both IP and control implants when compared
to 2:1 subgroup, in accordance to previous reports (150). This seems to suggest that the
CIR is a much more relevant variable than IP. In fact, while IP reduced the mean fracture
strength by 132.87 N, a higher CIR (2.5:1 or 3:1) led to a mean difference of 525.48 N or
707.68 N, respectively.

In the second study of this thesis, there was also no significant reduction of resistance to
fracture when comparing control and IP implants in each subgroup (3mm:
854.37N+195.08 vs. 752.12N+186.13; p= 0.302 and 7.5mm: 548.82N+80.02 vs.
593.69N+111.07; p=0.370). On the other hand, BL seems to be a much more important
variable considering that a reduction of 305.54 N (95% CI: 145.65 to 465.43; p=0.001)
was observed in the control groups when BL was increased from 3 to 7.5mm. The IP
implants also showed a difference of 158.43 N (95%CI: -5.94 to 322.79; p= 0.058) in the
same manner. Both observations are in line with previous papers regarding the impact of
increased BL and pocket depth on dental implant fractures (158). For example, an in vitro
protocol with intact implants and a dynamic loading protocol performed by Suzuki et al.
(134) showed that the number of loading cycles needed for an implant to fracture seem
to decrease in proportion to increased loading forces and decreased implant embedment

depths.
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Some reports state that dental implants with IP will reach a critical stress point at a lower
loading (136,159). However, according to our results, this lower resistance to fracture
does not seem to be statistically nor clinically significant when 3.5-mm-wide platform
dental implants are involved. Nonetheless, it should be emphasized that when the
involved implants have high CIRs and/or advanced BL, the development of mechanical
complications might be more likely.

Camps-Font et al. (45) reported that the fracture resistance after IP is affected by implant-
abutment connection design and that narrow implants with internal hexagon or conical
connection designs are more prone to fracture when compared with hexagonal external
connections. The connection design might be the reason why our results do not support
those of Chan et al. (136), who found 3.75mm-wide implants with internal hexagonal
connection to be significantly weakened by IP using a simulated 50% BL in vitro model.
This confirms the need to perform additional research on this topic since different implant
systems require testing. Another important variable that must be considered is the implant
diameter. In the present studies, narrow-diameter implants were used to simulate an
unfavourable clinical scenario. IP will probably have a smaller impact on the maximal
compression forces of regular and wide platform implants. Indeed, Chan et al. (136)
observed that IP did not affect the mechanical properties of 4.7mm-wide implants.
Conversely, a recent publication suggested that IP reduces implant strength irrespectively
of the implant diameter, and that bone-level implants (with lower CIR) will have better
outcomes than those with tissue-level design (135). Finally, the grade of the titanium used
for implant manufacturing is also of importance as lower grades of titanium have been
associated with lower resistance to fracture. Wider implants can be chosen to overcome

mechanical challenges in such cases (160).
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In our studies, IP allowed to create a smooth and homogenous surface, although some
irregularities and polishing defects were observed. Some amount of debris was also
detected and generally consists of titanium and polymer particles from the bur coating. A
thorough irrigation with saline or a low-abrasive air-powder have been recommended to
remove them and avoid inflammatory reactions of the peri-implant tissues (120,161).
These findings are likely to be more obvious and frequent in a real clinical scenario due
to the limited access and visualization of the surgical area. Indeed, performing IP in the
lingual aspect of a lower molar with adjacent teeth is challenging and will probably result
in a less homogeneous surface. Further research is required to evaluate which variables
affect the final surface roughness after IP.

Most fractures occurred in the platform area of the implants. In fact, all control implants
in both experiments fractured in this area, suggesting that the platform of 3.5-mm-wide
external hexagon implants is more fragile than its body. Other authors found similar
results (136,150) but, when regular platform implants subjected to IP are tested, body
fractures have also been observed (120). In the present studies, 6 implant body fractures
and 2 prosthetic screw fractures were registered in the IP groups. This clearly shows that
IP weakens the implant body.

It is also important to state that fractures appear to be ductile, caused by deformation of
the surfaces. Platform fractures occurred on the bending direction of the strength test and
a deformation of external hexagon was clearly visible. Indeed, fractures and deformation
were clearly visible in all SEM images (Figure 5 of publication 1 and Figure 4 of
publication 2).

Even though, the present studies complied with UNE-EN ISO 14801:2016 (third edition)
regulation, they have some limitations inherent to the in vitro design. All IP procedures

were performed in ideal laboratory conditions that may not be present in a real-patient
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scenario. Instead of using a milling machine, IP was performed in a free-hand manner.
Although this slightly compromises the standardization of the procedure, it has the
advantage of increasing the external validity of the results. On the other hand, static
compressive loads were performed at a 30° angle, which does not replicate the daily
complex oral function of the patients. Moreover, it does not assess mechanical failure by
fatigue or stress (39). Future research should employ dynamic testing to draw more
reliable conclusions. Besides, the type of implant-supported prosthetics (single/multiple,
fixed/removable, with/without intermediate abutments, etc.) should also be evaluated,
since mechanical properties will probably be affected by this variable. It is also important
to mention that implants in the oral environment are exposed to protein-containing serum,
which in turn can favour corrosion and increase the risk of corrosion-fatigue fracture,
conversely to our room-air experiment conditions (162). However, no significant
differences in fracture strength were found after artificial aging of dental implants (163).
Human clenching forces range from 98N to 1243N(55) and are determined by several
factors such as age, gender, tooth support or tooth location (56). The top of this range
would fracture all implants in the present studies, regardless of their BL, CIRs or being
submitted to IP. Implants placed in molars, with high CIRs and/or with important degrees
of BL should be assessed carefully as an increased fracture risk is expected. In these
situations, IP might increase the risk of mechanical complications. In these particular
situations, wider fixtures seem to have more positive results (135,136).

In general, clinicians can consider IP as a safe procedure in 3.5-mm-wide platform
implants with external hexagonal connection. On the other hand, high degrees of BL and
unfavourable clinical CIRs, which are common findings in implants affected by PI, seem
to be more relevant regarding the risk of fractures. So, according to the present results,

professionals should base their clinical decisions on the case-specific CIR and BL, rather
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than in the IP itself, since this procedure per se does not significantly reduce implant
strength. It is also important to recommend a thorough clinical and radiological
examination of the implant platform for cracks or fissures before engaging in an IP
procedure since they can already be present, particularly in cases of advanced BL or
unfavourable CIR.

Since there is no long-term data on IP, there is clear need for research is this area. Firstly,
it is important to determine the resistance to fracture of new materials used for dental
implants, namely different titanium alloys and ceramic materials. Another field that
requires future research is whether IP is safe for the treatment of PI in these materials.
Although zirconia-based dental implants have shown short-term promising results,
titanium dental implants are still dominant due to its proven success and its
biological/physical characteristics (28).

In this thesis, only 3.5-mm-wide platform external hexagon titanium implants were used.
The impact of different platform diameters and connections designs in the resistance to
fracture of implants submitted to IP according to different BL and CIRs should also be
addressed in the future. On the other hand, the external validity of our results can also be
increased by including different clinical situations. The number of implants, angulation,
the type of prosthesis (removable or fixed), the employed prosthetic materials and the use
of intermediate abutments should be tested to better understand the mechanical behaviour
of the entire implant-abutment-prosthesis complex and improve the clinical decision-
making process.

Finally, as mentioned previously, fatigue testing with cyclic loading should be performed,

in order to obtain more clinical relevant information.
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Conclusions

1. Implantoplasty does not seem to increase the risk of fracture of 3.5-mm-wide
external hexagonal connection implants, regardless of the amount of bone loss
and the clinical crown-to-implant ratio. Implantoplasty causes the highest
decrease in the mechanical resistance when 2.5:1 crown-to-implant ratios are
present, with a mean maximal compression force reduction of 193.54N (95%ClI:
11.91N to 375.17N).

2. An unfavorable crown-to-implant ratio leads to a significant reduction of the
resistance to fracture of 3.5-mm-wide implants with external hexagonal
connection, both with and without implantoplasty. Implants with implantoplasty
and 3:1 crown-to-implant ratio have a significant reduction of the maximal
compression forces that ranges from 527.09N to 964.41N in comparison with
implants with a 2:1 crown-to-implant ratio.

3. Considering total sample mean values, bone loss significantly reduces the
resistance to fracture of 3.5-mm-wide implants with external hexagonal
connection. Implants with implantoplasty present a mean reduction of the
maximal compression forces of 158.43N (95%CI: -5.94N to 322.79N; p= 0.058)
when bone loss increases from 3 to 7.5mm.

4. Implantoplasty reduces the thickness of the implant walls between 0.26mm and
0.56mm.

5. The platform is the weakest part of 3.5-mm-wide external-hexagon dental
implants when they withstand a compression load at 30° from the vertical axis,

since 90% of the fractures occur in that area.

119






BIBLIOGRAPHY

121






Bibliography

10.

Bobbio A. The first endosseous alloplastic implant in the history of man. Bull Hist
Dent. 1972;20(1):1-6.

Forshaw RJ. The practice of dentistry in ancient Egypt. Br Dent J.
2009;206(9):481-6.

Becker MJ. Ancient "dental implants": a recently proposed example from France
evaluated with other spurious examples. Int J Oral Maxillofac Implants.
1999;14(1):19-29.

Block MS. Dental implants: the last 100 years. J Oral Maxillofac Surg.
2018;76(1):11-26.

Rasouli R, Barhoum A, Uludag H. A review of nanostructured surfaces and
materials for dental implants: surface coating, patterning and functionalization for
improved performance. Biomater Sci. 2018;6(6):1312-38.

Abraham CM. Suppl 1: A brief historical perspective on dental implants, their
surface coatings and treatments. Open Dent J. 2014;8:50.

Linkow LI, Dorfman JD. Implantology in dentistry. A brief historical perspective.
N Y State Dent J. 1991;57(6):31-5.

Albrektsson T, Wennerberg A. The impact of oral implants-past and future, 1966-
2042. J Can Dent Assoc. 2005;71(5):327.

Buser D, Sennerby L, De Bruyn H. Modern implant dentistry based on
osseointegration: 50 years of progress, current trends and open questions.
Periodontol 2000. 2017;73(1):7-21.

Schenk RK, Buser D. Osseointegration: A reality. Periodontol 2000.

1998;17(1):22-35.

123



11.

12.

13.

14.

15.

16.

17.

18.

19.

Bosshardt DD, Chappuis V, Buser D. Osseointegration of titanium, titanium alloy
and zirconia dental implants: current knowledge and open questions. Periodontol
2000. 2017;73(1):22—40.

Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of
currently used dental implants: a review and proposed criteria of success. Int J Oral
Maxillofac Implants. 1986;1(1):11-25.

Smith DE, Zarb GA. Criteria for success of osseointegrated endosseous implants.
J Prosthet Dent. 1989;62(5):567-72.

Elani HW, Starr JR, Da Silva JD, Gallucci GO. Trends in dental implant use in the
US, 1999-2016, and projections to 2026. J Dent Res. 2018;97(13):1424-30.
Esposito M, Hirsch J, Lekholm U, Thomsen P. Biological factors contributing to
failures of osseointegrated oral implants,(I). Success criteria and epidemiology.
Eur J Oral Sci. 1998;106(1):527-51.

Jeffcoat MK, Mcguire M, Newman MG. Evidence-based periodontal treatment
highlights from the 1996 World Workshop in Periodontics. ] Am Dent Assoc.
1997;128(6):713-24.

Berglundh T, Persson L, Klinge B. A systematic review of the incidence of
biological and technical complications in implant dentistry reported in prospective
longitudinal studies of at least 5 years. J Clin Periodontol. 2002;29 Suppl 3:197—
212.

Andreiotelli M, Wenz HJ, Kohal R. Are ceramic implants a viable alternative to
titanium implants? A systematic literature review. Clin Oral Implants Res. 2009;20
Suppl 4:32-47.

Liu X, Chen S, Tsoi JKH, Matinlinna JP. Binary titanium alloys as dental implant

materials—a review. Regen Biomater. 2017;4(5):315-23.

124



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

McCracken M. Dental implant materials: commercially pure titanium and titanium
alloys. J Prosthodont. 1999;8(1):40-3.

Misch CE. Implantes Dentarios Contemporaneos. 3rd ed. Rio de Janeiro (Brazil);
Elsevier, c2008: 271-302.

Ogle OE. Implant surface material, design, and osseointegration. Dent Clin.
2015;59(2):505-20.

Cordeiro JM, Beline T, Ribeiro ALR, Rangel EC, da Cruz NC, Landers R, et al.
Development of binary and ternary titanium alloys for dental implants. Dent Mater.
2017;33(11):1244-57.

Kohal R, Klaus G, Strub JR. Zirconia-implant-supported all-ceramic crowns
withstand long-term load: a pilot investigation. Clin Oral Implants Res.
2006;17(5):565-71.

Koch FP, Weng D, Kriamer S, Biesterfeld S, Jahn-Eimermacher A, Wagner W.
Osseointegration of one-piece zirconia implants compared with a titanium implant
of identical design: a histomorphometric study in the dog. Clin Oral Implants Res.
2010;21(3):350-6.

Siddiqi A, Khan AS, Zafar S. Thirty years of translational research in zirconia
dental implants: a systematic review of the literature. J Oral Implantol.
2017;43(4):314-25.

Depprich R, Naujoks C, Ommerborn M, Schwarz F, Kiibler NR, Handschel J.
Current findings regarding zirconia implants. Clin Implant Dent Relat Res.
2014;16(1):124-37.

Afrashtehfar KI, Del Fabbro M. Clinical performance of zirconia implants: A
meta-review. J Prosthet Dent. 2020;123(3):419-26.

Cionca N, Hashim D, Mombelli A. Zirconia dental implants: where are we now,

125



30.

31.

32.

33.

34.

35.

36.

37.

38.

and where are we heading? Periodontol 2000. 2017;73(1):241-58.

Ellingsen JE, Thomsen P, Lyngstadaas SP. Advances in dental implant materials
and tissue regeneration. Periodontol 2000. 2006;41(1):136-56.

Wennerberg A, Albrektsson T. Suggested guidelines for the topographic
evaluation of implant surfaces. Int J Oral Maxillofac Implants. 2000;15(3):331-34.
Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y. Surface treatments of
titanium dental implants for rapid osseointegration. Dent Mater. 2007;23(7):844—
54.

Esposito M, Ardebili Y, Worthington H V. Interventions for replacing missing
teeth: different types of dental implants. Cochrane Database Syst Rev.
2014;(7):CD003815.

Quirynen M, Van der Mei HC, Bollen CML, Schotte A, Marechal M, Doornbusch
GI, et al. An in vivo study of the influence of the surface roughness of implants on
the microbiology of supra-and subgingival plaque. J Dent Res. 1993;72(9):1304—
9.

Rimondini L, Faré¢ S, Brambilla E, Felloni A, Consonni C, Brossa F, et al. The
effect of surface roughness on early in vivo plaque colonization on titanium. J
Periodontol. 1997;68(6):556—62.

GroBner-Schreiber B, Griepentrog M, Haustein I, Miiller W, Briedigkeit H, Gobel
UB, et al. Plaque formation on surface modified dental implants: An in vitro study.
Clin Oral Implants Res. 2001;12(6):543-51.

Sanz M, Chapple IL, Working group 4 of the VII European Worshop on
Periodontology. Clinical research on peri-implant diseases: consensus report of
working group 4. J Clin Periodontol. 2012;39 Suppl 12:202—-6.

Novaes Jr AB, Souza SLS, Marros RRM, Perecira KKY, Iezzi J, Piatelli A.

126



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Influence of implant surfaces on osseointegration. Braz Dent J. 2010;21: 471-81.
Shemtov-Yona K, Rittel D. An overview of the mechanical integrity of dental
implants. Biomed Res Int. 2015;2015: 547384.

Yeo I-SL. Modifications of dental implant surfaces at the micro-and nano-level for
enhanced osseointegration. Materials (Basel). 2020;13(1):89.

Chee W, Jivraj S. Failures in implant dentistry. Br Dent J. 2007;202(3):123-9.
Salvi GE, Bragger U. Mechanical and technical risks in implant therapy. Int J Oral
Maxillofac Implants. 2009;24 Suppl:69-85.

Binon PP. Implants and components: entering the new millennium. Int J Oral
Maxillofac Implants. 2000;15:76-94.

Gil FJ, Herrero-Climent M, Lazaro P, Rios J V. Implant-abutment connections:
influence of the design on the microgap and their fatigue and fracture behavior of
dental implants. J Mater Sci Mater Med. 2014;25(7):1825-30.

Camps-Font O, Gonzdlez-Barnadas A, Mir-Mari J, Figueiredo R, Gay-Escoda C,
Valmaseda-Castellon E. Fracture resistance after implantoplasty in three implant-
abutment connection designs. Med Oral Patol Oral Cir Bucal. 2020;25(5):e691-
99.

Papaspyridakos P, Chen C-J, Chuang S-K, Weber H-P, Gallucci GO. A systematic
review of biologic and technical complications with fixed implant rehabilitations
for edentulous patients. Int J Oral Maxillofac Implants. 2012;27(1):102-10.
Eckert SE, Meraw SJ, Cal E, Ow RK. Analysis of incidence and associated factors
with fractured implants: a retrospective study. Int J Oral Maxillofac Implants.
2000;15(5):662-7.

Balshi TJ. An analysis and management of fractured implants: a clinical report. Int

J Oral Maxillofac Implants. 1996;11(5):660—6.

127



49.

50.

51.

52.

53.

54.

55.

56.

57.

Berglundh T, Persson L, Klinge B. A systematic review of the incidence of
biological and technical complications in implant dentistry reported in prospective
longitudinal studies of at least 5 years. J Clin Periodontol. 2002;29 Suppl 3:197—
212.

Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A systematic review of
the survival and complication rates of implant-supported fixed dental prostheses
(FDP s) after a mean observation period of at least 5 years. Clin Oral Implants Res.
2012;23 Suppl 6:22-38.

Pjetursson B, Asgeirsson A, Zwahlen M, Sailer I. Improvements in implant
dentistry over the last decade: comparison of survival and complication rates in
older and newer publications. Int J Oral Maxillofac Implants. 2014;29 Suppl:308—
24,

Gealh WC, Mazzo V, Barbi F, Camarini ET. Osseointegrated implant fracture:
causes and treatment. J Oral Implantol. 2011;37(4):499-503.

Green NT, Machtei EE, Horwitz J, Peled M. Fracture of dental implants: literature
review and report of a case. Implant Dent. 2002;11(2):137-43.

Manfredini D, Poggio CE, Lobbezoo F. Is bruxism a risk factor for dental
implants? A systematic review of the literature. Clin Implant Dent Relat Res.
2014;16(3):460-9.

Gibbs CH, Anusavice KJ, Young HM, Jones JS, Esquivel-Upshaw JF. Maximum
clenching force of patients with moderate loss of posterior tooth support: a pilot
study. J Prosthet Dent. 2002;88(5):498-502.

Umesh S, Padma S, Asokan S, Srinivas T. Fiber bragg grating based bite force
measurement. J Biomech. 2016;49(13):2877-81.

Rangert B, Krogh PHJ, Langer B, Van Roekel N. Bending overload and implant

128



58.

59.

60.

61.

62.

63.

64.

65.

fracture: a retrospective clinical analysis. Int J Oral Maxillofac Implants.
1995;10(3):326-34.

Jemt T. Failures and complications in 391 consecutively inserted fixed prostheses
supported by Branemark implants in edentulous jaws: a study of treatment from
the time of prosthesis placement to the first annual checkup. Int J Oral Maxillofac
Implants. 1991;6(3):270-6.

Sahin S, Cehreli MC. The significance of passive framework fit in implant
prosthodontics: current status. Implant Dent. 2001;10(2):85-92.

Bozini T, Petridis H, Garefis K, Garefis P. A meta-analysis of prosthodontic
complication rates of implant-supported fixed dental prostheses in edentulous
patients after an observation period of at least 5 years. Int J Oral Maxillofac
Implants. 2011;26(2):304-18.

Catapano S, Ferrari M, Mobilio N, Montanari M, Corsalini M, Grande F.
Comparative analysis of the stability of prosthetic screws under cyclic loading in
implant prosthodontics: an in vitro study. Appl Sci. 2021;11(2):622.

Albrektsson T, Zarb GA. Current interpretations of the osseointegrated response:
clinical significance. Int J Prosthodont. 1993;6(2):95-105.

Papaspyridakos P, Chen C-J, Singh M, Weber H-P, Gallucci GO. Success criteria
in implant dentistry: a systematic review. J Dent Res. 2012;91(3):242-8.
Albrektsson T, Jemt T, Mdlne J, Tengvall P, Wennerberg A. On inflammation-
immunological balance theory—A critical apprehension of disease concepts
around implants: Mucositis and marginal bone loss may represent normal
conditions and not necessarily a state of disease. Clin Implant Dent Relat Res.
2019;21(1):183-9.

Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman KS, et al.

129



66.

67.

68.

69.

70.

71.

72.

73.

74.

A new classification scheme for periodontal and peri-implant diseases and
conditions—Introduction and key changes from the 1999 classification. J Clin
Periodontol. 2018;45 Suppl 20:S1-8.

Heitz-Mayfield LJA, Salvi GE. Peri-implant mucositis. J Clin Periodontol.
2018;45 Suppl 20:S237-45.

Loe IH, Theilade E, Jensen SB Experimental gingivitis in man. J Periodontol.
1965;36(1):177-87.

Pontoriero R, Tonelli MP, Carnevale G, Mombelli A, Nyman SR, Lang NP.
Experimentally induced peri-implant mucositis. A clinical study in humans. Clin
Oral Implants Res. 1994;5(4):254-9.

Berglundh T, Lindhe J, Marinell C, Ericsson I, Liljenberg B. Soft tissue reaction
to de novo plaque formation on implants and teeth. An experimental study in the
dog. Clin Oral Implants Res. 1992;3(1):1-8.

Zitzmann NU, Berglundh T. Definition and prevalence of peri-implant diseases. J
Clin Periodontol. 2008;35 Suppl 8:286-91.

Mir-Mari J, Mir-Orfila P, Figueiredo R, Valmaseda-Castellon E, Gay-Escoda C.
Prevalence of peri-implant diseases. A cross-sectional study based on a private
practice environment. J Clin Periodontol. 2012;39(5):490-4.

Renvert S, Lindahl C, Persson GR. Occurrence of cases with peri-implant
mucositis or peri-implantitis in a 21-26 years follow-up study. J Clin Periodontol.
2018;45(2):233-40.

Ferreira CF, Buttendorf AR, De Souza JG, Dalago H, Guenther SF, Bianchini MA.
Prevalence of peri-implant diseases: Analyses of associated factors. Eur J
Prosthodont Restor Dent. 2015;23(4):199-206.

Roos-Jansdker AM, Lindahl C, Renvert H, Renvert S. Nine-to fourteen-year

130



75.

76.

77.

78.

79.

80.

81.

82.

83.

follow-up of implant treatment. Part I: implant loss and associations to various
factors. J Clin Periodontol. 2006;33(4):283-9.

Karbach J, Callaway A, Kwon Y-D, d’Hoedt B, Al-Nawas B. Comparison of five
parameters as risk factors for peri-mucositis. Int J Oral Maxillofac Implants.
2009;24(3):491-6.

Jepsen S, Berglundh T, Genco R, Aass AM, Demirel K, Derks J, et al. Primary
prevention of peri-implantitis: Managing peri-implant mucositis. J Clin
Periodontol. 2015;42 Suppl 16:152-7.

Meyer S, Giannopoulou C, Courvoisier D, Schimmel M, Miiller F, Mombelli A.
Experimental mucositis and experimental gingivitis in persons aged 70 or over.
Clinical and biological responses. Clin Oral Implants Res. 2017;28(8):1005—-12.
Schwarz F, Derks J, Monje A, Wang H. Peri-implantitis. J Clin Periodontol.
2018;45 Suppl 20:246—-66.

Tawse-Smith A, Kota A, Jayaweera Y, Vuuren WJ van, Ma S. The effect of
standardised implantoplasty protocol on titanium surface roughness: an in-vitro
study. Braz Oral Res. 2016;30(1):e137.

Ramanauskaite A, Daugela P, Faria e Almeida R, Saulacic N. Surgical non-
regenerative treatments for peri-Implantitis: a systematic review. J Oral Maxillofac
Res. 2016;7(3):¢14.

Figuero E, Graziani F, Sanz I, Herrera D, Sanz M. Management of peri-implant
mucositis and peri-implantitis. Periodontol 2000. 2014;66(1):255-73.

Renvert S, Roos-Jansaker A, Claffey N. Non-surgical treatment of peri-implant
mucositis and peri-implantitis: a literature review. J Clin Periodontol. 2008;35
Suppl 8:305-15.

Cortés-Acha B, Figueiredo R, Seminago R, Roig FJ, Llorens C, Valmaseda-

131



&4.

85.

86.

87.

88.

&9.

90.

91.

Castellon E. Microbiota analysis of biofilms on experimental abutments
mimicking dental implants: An in vivo model. J Periodontol. 2017;88(10):1090—
104.

Cortés-Acha B. Caracteristicas del biofilm oral formado sobre implantes dentales.
[Tesis doctoral], Universitat de Barcelona, 2019.

Esposito M, Hirsch J, Lekholm U, Thomsen P. Biological factors contributing to
failures of osseointegrated oral implants,(II). Etiopathogenesis. Eur J Oral Sci.
1998;106(3):721-64.

Cortés-Acha B, Figueiredo R, Blanc V, Soler-Oll¢ A, Ledén R, Valmaseda-
Castellon E. Development and viability of biofilms grown on experimental
abutments mimicking dental implants: An in vivo model. Med Oral Patol Oral Cir
Bucal. 2019;24(4):e511-17.

Lindhe J, Berglundh T, Ericsson I, Liljenberg B, Marinello C. Experimental
breakdown of peri-implant and periodontal tissues. A study in the beagle dog. Clin
Oral Implants Res. 1992;3(1):9-16.

Lang NP, Brigger U, Walther D, Bearner B, Kornman KS. Ligature-induced peri-
implant infection in cynomolgus monkeys. Clinical and radiographic findings. Clin
Oral Implants Res. 1993;4(1):2—11.

Kotsakis GA, Olmedo DG. Peri-implantitis is not periodontitis: Scientific
discoveries shed light on microbiome-biomaterial interactions that may determine
disease phenotype. Periodontol 2000. 2021;86(1):236-40.

Rakic M, Galindo-Moreno P, Monje A, Radovanovic S, Wang H-L, Cochran D, et
al. How frequent does peri-implantitis occur? A systematic review and meta-
analysis. Clin Oral Investig. 2018;22(4):1805-16.

Derks J, Schaller D, Hikansson J, Wennstrom JL, Tomasi C, Berglundh T. Peri-

132



92.

93.

94.

95.

96.

97.

98.

99.

implantitis—onset and pattern of progression. J Clin Periodontol. 2016;43(4):383—
8.

Berglundh T, Armitage G, Araujo MG, Avila-Ortiz G, Blanco J, Camargo PM, et
al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of the
2017 World Workshop on the Classification of Periodontal and Peri-Implant
Diseases and Conditions. J Periodontol. 2018;89 Suppl 1:S313-8.

Garcia-Garcia M, Mir-Mari J, Benic GI, Figueiredo R, Valmaseda-Castellon E.
Accuracy of periapical radiography in assessing bone level in implants affected by
peri-implantitis: a cross-sectional study. J Clin Periodontol. 2016;43(1):85-91.
De Souza PH, De Toledo BE, Rapp GE, Zuza EP, Neto CB, Mendes AJ. Reliability
of bleeding and non-bleeding on probing to gingival histological features. J Int
Acad Periodontol. 2003;5(3):71-6.

Hashim D, Cionca N, Combescure C, Mombelli A. The diagnosis of peri-
implantitis: A systematic review on the predictive value of bleeding on probing.
Clin Oral Implants Res. 2018;29 Suppl 16:276-93.

Serino G, Turri A, Lang NP. Probing at implants with peri-implantitis and its
relation to clinical peri-implant bone loss. Clin Oral Implants Res. 2013;24(1):91—
5.

Garcia-Garcia M, Mir-Mari J, Figueiredo R, Valmaseda-Castellon E. Probing
single-tooth dental implants with and without prostheses. A cross-sectional study
comparing healthy and peri-implant mucositis sites. J Clin Periodontol.
2021;48(4):581-89.

Heitz-Mayfield LJA. Peri-implant diseases: diagnosis and risk indicators. J Clin
Periodontol. 2008;35 Suppl 8:292-304.

Tomasi C, Derks J. Clinical research of peri-implant diseases—quality of reporting,

133



100.

101.

102.

103.

104.

105.

106.

107.

case definitions and methods to study incidence, prevalence and risk factors of
peri-implant diseases. J Clin Periodontol. 2012;39 Suppl 12:207-23.

Smeets R, Henningsen A, Jung O, Heiland M, Hammaécher C, Stein JM. Definition,
etiology, prevention and treatment of peri-implantitis—a review. Head Face Med.
2014;10(1):34.

Mellado-Valero A, Buitrago-Vera P, Sold-Ruiz MF, Ferrer-Garcia JC.
Decontamination of dental implant surface in peri-implantitis treatment: a
literature review. Med Oral Patol Oral Cir Bucal. 2013;18(6):¢869-76.

Chan H, Lin G, Suarez F, MacEachern M, Wang H. Surgical management of peri-
implantitis: a systematic review and meta-analysis of treatment outcomes. J
Periodontol. 2014;85(8):102741.

Carcuac O, Derks J, Charalampakis G, Abrahamsson I, Wennstrom J, Berglundh
T. Adjunctive systemic and local antimicrobial therapy in the surgical treatment of
peri-implantitis: A randomized controlled clinical trial. J Dent Res. 2016;95(1):50—
7.

Romeo E, Ghisolfi M, Murgolo N, Chiapasco M, Lops D, Vogel G. Therapy of
peri-implantitis with resective surgery: A 3-year clinical trial on rough screw-
shaped oral implants. Part I: clinical outcome. Clin Oral Implants Res.
2005;16(1):9-18.

Renvert S, Polyzois IN. Clinical approaches to treat peri-implant mucositis and
peri-implantitis. Periodontol 2000. 2015;68(1):369-404.

Chen S, Darby I. Dental implants : Maintenance, care and treatment of peri-implant
infection. Austin Dent J. 2003;48(4):212-20.

De Bartolo AM, Veitz-Keenan A. Inconclusive evidence of treatment modalities

for peri-implantitis. Evid Based Dent. 2019;20(1):24-5.

134



108.

109.

110.

I11.

112.

113.

114.

115.

Romeo E, Lops D, Chiapasco M, Ghisolfi M, Vogel G. Therapy of peri-implantitis
with resective surgery. A 3-year clinical trial on rough screw-shaped oral implants.
Part II: radiographic outcome. Clin Oral Implants Res. 2007;18(2):179-87.
Schwarz F, John G, Schmucker A, Sahm N, Becker J. Combined surgical therapy
of advanced peri-implantitis evaluating two methods of surface decontamination:
a 7-year follow-up observation. J Clin Periodontol. 2017;44(3):337-42.

Khoury F, Keeve PL, Ramanauskaite A, Schwarz F, Koo K, Sculean A, et al.
Surgical treatment of peri-implantitis—Consensus report of working group 4. Int
Dent J. 2019;69 Suppl 2:18-22.

Monje A, Pons Calabuig R, Amerio E, Wang H-L, Nart J. Resolution of Peri-
implantitis by means of implantoplasty as adjunct to surgical therapy: A
retrospective study. J Periodontol. 2021, in press.

Siegrist BE, Brecx MC, Gusberti FA, Joss A, Lang NP. In vivo early human dental
plaque formation on different supporting substances. A scanning electron
microscopic and bacteriological study. Clin Oral Implants Res. 1991;2(1):38—46.
Maal MB, Ellingsen SA, Reseland JE, Verket A. Experimental implantoplasty
outcomes correlate with fibroblast growth in vitro. BMC Oral Health.
2020;20(1):25.

Bianchini MA, Galarraga-Vinueza ME, Apaza-Bedoya K, De Souza JM, Magini
R, Schwarz F. Two to six-year disease resolution and marginal bone stability rates
of a modified resective-implantoplasty therapy in 32 peri-implantitis cases. Clin
Implant Dent Relat Res. 2019;21(4):758-65.

Schwarz F, John G, Schmucker A, Sahm N, Becker J. Combined surgical therapy
of advanced peri-implantitis evaluating two methods of surface decontamination:

a 7-year follow-up observation. J Clin Periodontol. 2017;44(3):337-42.

135



116.

117.

118.

119.

120.

121.

122.

123.

Dalago HR, Perrotti V, Torres de Freitas SF, Ferreira CF, Piattelli A, Iaculli F, et
al. Prospective longitudinal comparison study of surgical therapies for peri-
implantitis: 3-year follow-up. Aust Dent J. 2019;64(3):237-45.

Ravida A, Siqueira R, Saleh I, Saleh MHA, Giannobile A, Wang HL. Lack of
clinical benefit of implantoplasty to improve implant survival rate. J Dent Res.
2020;99(12):1348-55.

Schwarz F, John G, Becker J. The influence of implantoplasty on the diameter,
chemical surface composition, and biocompatibility of titanium implants. Clin
Oral Investig. 2017;21(7):2355-61.

Schwarz F, Sahm N, Iglhaut G, Becker J. Impact of the method of surface
debridement and decontamination on the clinical outcome following combined
surgical therapy of peri-implantitis: A randomized controlled clinical study. J Clin
Periodontol. 2011;38(3):276—-84.

Costa-Berenguer X, Garcia-Garcia M, Sanchez-Torres A, Sanz-Alonso M,
Figueiredo R, Valmaseda-Castellon E. Effect of implantoplasty on fracture
resistance and surface roughness of standard diameter dental implants. Clin Oral
Implants Res. 2018;29(1):46-54.

Matarasso S, Iorio Siciliano V, Aglietta M, Andreuccetti G, Salvi GE. Clinical and
radiographic outcomes of a combined resective and regenerative approach in the
treatment of peri-implantitis: A prospective case series. Clin Oral Implants Res.
2014;25(7):761-7.

Ramel CF, Liissi A, Ozcan M, Jung RE, Himmerle CHF, Thoma DS. Surface
roughness of dental implants and treatment time using six different implantoplasty
procedures. Clin Oral Implants Res. 2016;27(7):776-81.

Stavropoulos A, Bertl K, Eren S, Gotfredsen K. Mechanical and biological

136



124.

125.

126.

127.

128.

129.

130.

131.

complications after implantoplasty—A systematic review. Clin Oral Implants Res.
2019;30(9):833-48.

Eriksson AR, Albrektsson T. Temperature threshold levels for heat-induced bone
tissue injury: a vital-microscopic study in the rabbit. J Prosthet Dent.
1983;50(1):101-7.

Li S, Chien S, Brinemark P. Heat shock-induced necrosis and apoptosis in
osteoblasts. J Orthop Res. 1999;17(6):891-9.

Sharon E, Shapira L, Wilensky A, Abu-Hatoum R, Smidt A. Efficiency and
thermal changes during implantoplasty in relation to bur type. Clin Implant Dent
Relat Res. 2013;15(2):292—6.

Olmedo DG, Nalli G, Verdu S, Paparella ML, Cabrini RL. Exfoliative cytology
and titanium dental implants: a pilot study. J Periodontol. 2013;84(1):78-83.
Fretwurst T, Buzanich G, Nahles S, Woelber JP, Riesemeier H, Nelson K. Metal
elements in tissue with dental peri-implantitis: a pilot study. Clin Oral Implants
Res. 2016;27(9):1178-86.

Safioti LM, Kotsakis GA, Pozhitkov AE, Chung WO, Daubert DM. Increased
levels of dissolved titanium are associated with peri-implantitis—a cross-sectional
study. J Periodontol. 2017;88(5):436-42.

Noronha Oliveira M, Schunemann WVH, Mathew MT, Henriques B, Magini RS,
Teughels W, et al. Can degradation products released from dental implants affect
peri-implant tissues? J Periodontal Res. 2018;53(1):1-11.

Toledano-Serrabona J, Sinchez-Garcés MA, Gay-Escoda C, Valmaseda-Castellon
E, Camps-Font O, Verdeguer P, et al. Mechanical properties and corrosion
behavior of Ti6Al4V particles obtained by implantoplasty: An in vitro study. Part

II. Materials (Basel). 2021;14(21):6519.

137



132.

133.

134.

135.

136.

137.

138.

139.

Toledano-Serrabona J, Gil FJ, Camps-Font O, Valmaseda-Castellon E, Gay-
Escoda C, Sanchez-Garcés MA. Physicochemical and biological characterization
of Ti6Al4V particles obtained by implantoplasty: An in vitro study. Part I.
Materials (Basel). 2021;14(21):6507.

Suérez-Lopez del Amo F, Garaicoa-Pazmifio C, Fretwurst T, Castilho RM,
Squarize CH. Dental implants-associated release of titanium particles: A
systematic review. Clin Oral Implants Res. 2018;29(11):1085-100.

Suzuki H, Hata Y, Watanabe F. Implant fracture under dynamic fatigue loading:
influence of embedded angle and depth of implant. Odontology. 2016;104(3):357—
62.

Bertl K, Isidor F, von Steyern PV, Stavropoulos A. Does implantoplasty affect the
failure strength of narrow and regular diameter implants? A laboratory study. Clin
Oral Investig. 2020;25(4):2203-11.

Chan H-L, Oh W-S, Ong HS, Fu J-H, Steigmann M, Sierraalta M, et al. Impact of
implantoplasty on strength of the implant-abutment complex. Int J Oral Maxillofac
Implants. 2013;28(6):1530-35.

Barry M, Kennedy D, Keating K, Schauperl Z. Design of dynamic test equipment
for the testing of dental implants. Mater Des. 2005;26(3):209-16.

de la Rosa Castolo G, Perez SVG, Arnoux P-J, Badih L, Bonnet F, Behr M.
Mechanical strength and fracture point of a dental implant under certification
conditions: A numerical approach by finite element analysis. J Prosthet Dent.
2018;119(4):611-9.

Tawil G, Aboujaoude N, Younan R. Influence of prosthetic parameters on the
survival and complication rates of short implants. Int J Oral Maxillofac Implants.

2006;21(2):275-82.

138



140.

141.

142.

143.

144.

145.

146.

147.

Tada S, Allen PF, Ikebe K, Zheng H, Shintani A, Maeda Y. The impact of the
crown-root ratio on survival of abutment teeth for dentures. J Dent Res. 2015;94
Suppl 9:220-25.

Ravida A, Barootchi S, Tavelli L, Suarez-Lopez Del Amo F. The effect of crown-
to-implant ratio on the clinical outcomes of dental implants: A systematic review.
Int J Oral Maxillofac Implants. 2019;34(5):1121-31.

Padhye NM, Lakha T, Naenni N, Kheur M. Effect of crown-to-implant ratio on the
marginal bone level changes and implant survival-A systematic review and meta-
analysis. J Oral Biol Craniofacial Res. 2020;10(4):705-13.

Malchiodi L, Ricciardi G, Salandini A, Caricasulo R, Cucchi A, Ghensi P.
Influence of crown—implant ratio on implant success rate of ultra-short dental
implants: results of a 8-to 10-year retrospective study. Clin Oral Investig.
2020;24(9):3213-22.

Meijer HJA, Boven C, Delli K, Raghoebar GM. Is there an effect of crown-to-
implant ratio on implant treatment outcomes? A systematic review. Clin Oral
Implants Res. 2018;29 Suppl 18:243-52.

Brignardello-Petersen R. Important limitations in methods make systematic review
assessing impact of crown-to-implant ratio on treatment complications not useful.
J Am Dent Assoc. 2019;150(4):e44.

Quaranta A, Piemontese M, Rappelli G, Sammartino G, Procaccini M. Technical
and biological complications related to crown to implant ratio: a systematic review.
Implant Dent. 2014;23(2):180-7.

Di Fiore A, Vigolo P, Sivolella S, Cavallin F, Katsoulis J, Monaco C, et al.
Influence of crown-to-implant ratio on long-term marginal bone loss around short

implants. Int J Oral Maxillofac Implants. 2019;34(4):992-98.

139



148.

149.

150.

151.

152.

153.

154.

155.

Hingsammer L, Watzek G, Pommer B. The influence of crown-to-implant ratio on
marginal bone levels around splinted short dental implants: A radiological and
clincial short term analysis. Clin Implant Dent Relat Res. 2017;19(6):1090-8.
Gehrke SA, dos Santos Vianna MS, Dedavid BA. Influence of bone insertion level
of the implant on the fracture strength of different connection designs: an in vitro
study. Clin Oral Investig. 2014;18(3):715-20.

Gehrke SA. Importance of crown height ratios in dental implants on the fracture
strength of different connection designs: An in vitro study. Clin Implant Dent Relat
Res. 2015;17(4):790-7.

Zitzmann NU, Berglundh T. Definition and prevalence of peri-implant diseases. J
Clin Periodontol. 2008;35 Suppl 8:286-91.

Burguefio-Barris G, Camps-Font O, Figueiredo R, Valmaseda-Castellon E. The
Influence of implantoplasty on surface roughness, biofilm formation, and
biocompatibility of titanium implants: A systematic review. Int J Oral Maxillofac
Implants. 202;36(5):e111-9.

Bianchini MA, Galarraga-Vinueza ME, Bedoya KA, Correa BB, de Souza Magini
R, Schwarz F. Implantoplasty enhancing peri-implant bone stability over a 3-year
follow-up: a case series. Int J Periodontics Restor Dent. 2020;40(1):e1-8.

de Waal YCM, Raghoebar GM, Huddleston Slater JJIR, Meijer HJA, Winkel EG,
van Winkelhoff AJ. Implant decontamination during surgical peri-implantitis
treatment: a randomized, double-blind, placebo-controlled trial. J Clin Periodontol.
2013;40(2):186-95.

Pommer B, Haas R, Mailath-Pokorny G, Fiirhauser R, Watzek G, Busenlechner D,
et al. Periimplantitis treatment: long-term comparison of laser decontamination and

implantoplasty surgery. Implant Dent. 2016;25(5):646-9.

140



156.

157.

158.

159.

160.

161.

162.

163.

Ramel CF, Liissi A, Ozcan M, Jung RE, Himmerle CHF, Thoma DS. Surface
roughness of dental implants and treatment time using six different implantoplasty
procedures. Clin Oral Implants Res. 2016;17(7):776-81.

Schwarz F, John G, Becker J. The influence of implantoplasty on the diameter,
chemical surface composition, and biocompatibility of titanium implants. Clin
Oral Investig. 2016; 21(7):776-81.

Sanchez-Pérez A, Moya-Villaescusa MJ, Jornet-Garcia A, Gomez S. Etiology, risk
factors and management of implant fractures. Med Oral Patol Oral Cir Bucal.
2010;15(3):e504-8.

Tribst JPM, Dal Piva AM de O, Shibli JA, Borges ALS, Tango RN. Influence of
implantoplasty on stress distribution of exposed implants at different bone
insertion levels. Braz Oral Res. 2017;31:€96.

Park S-J, Lee S-W, Leesungbok R, Ahn S-J. Influence of the connection design
and titanium grades of the implant complex on resistance under static loading. J
Adv Prosthodont. 2016;8(5):388-95.

Schmidt KE, Auschill TM, Heumann C, Frankenberger R, Eick S, Sculean A, et
al. Influence of different instrumentation modalities on the surface characteristics
and biofilm formation on dental implant neck, in vitro. Clin Oral Implants Res.
2017;28(4):483-90.

Shemtov-Yona K, Rittel D, Levin L, Machtei EE. The effect of oral-like
environment on dental implants’ fatigue performance. Clin Oral Implants Res.
2014;25(2):e166-70.

Strub JR, Gerds T. Fracture strength and failure mode of five different single-tooth

implant-abutment combinations. Int J Prosthodont. 2003;16(2):167-71.

141






SUPPLEMENTARY FILES

143






Ethics approval

B
<=1lll
i+

[y

UNIVERSITAToe
BARCELONA

Eduard Valmaseda Castellon and Rui Figueiredo, as codirectors of the thesis
project: “Mechanical resistance to fracture of narrow platform with external connection
dental implants submitted to implantoplasty with different bone levels and
crown/implant ratios. An in vitro study.”, of the student Bruno Alexandre Morais Leitdo
de Almeida, declare that: this project does not include any experiment on Humans or
animals and that no biological samples of any sort will be used. All interventions will be
performed using titanium dental implants fixed on resin blocks.

The authors consulted the Committee for Bioethics of the University of
Barcelona who decided that there was no need of ethical appreciation by the Committee
and that the present declaration is sufficient.

Barcelona, 04 of May 2017

Facultat d'Odantologia

Departament d'Odontoestomatologia

Postgrau de Cirurgia Bucal { Implantologia Bucofacial

Director: Prof. Dr. Eduard Valmaseda Castellén (Professor titular)
Coordinador: Dr, Rul Figueiredo (Professor Associat)

C/ Feixa Llarga, s/n

Campus Bellvitge

Pavellé Central, 2* planta, despatx 2.10
08907 L'Hospitalet de Llobregat (Barcelona)
Tel: 93 402 42 74; Fax: 93 402 42 12

Emall: eduardvalmaseda@ub .edy
http://www.mastercirugiabucal.com

—

L p——

7

Eduard Valmaseda Castellon (Director)

L4

Rui Figueiredo (Di r)

Bruno Alexandre

orais Leitdo de Almeida (Student)

145






Publishing license authorizations & acceptance letters

147






Publishing license authorization. Publication 1.

“This work 1is licensed under the Creative Commons Attribution 4.0 International
License. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/
or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

Copyright on any research article in open access (OA) journals published by Springer
Nature is retained by the author(s). Authors grant Springer Nature a license to publish the
article and identify itself as the original publisher. Authors also grant any third party the
right to use the article freely as long as its integrity is maintained and its original authors,

citation details and publisher are identified.”

149



Acceptance letter for publishing. Publication 1.

De: BMC Oral Health Editorial Office <em@editorialmanager.com>

Data: 10/11/2020 13:15

Assunto: Decision on your Submission to BMC Oral Health - OHEA-D-20-00712R4
Para: Bruno Leitdo <bamalmeida@ucp.pt>

Cec:

OHEA-D-20-00712R4

Effect of crown to implant ratio and implantoplasty on the fracture resistance of narrow dental implants with marginal
bone loss. An in vitro study.

Bruno Leitdo Aimeida; Octavi Camps Font; André Correia; Javier Mir Mari; Rui Figueiredo; Eduard Valmaseda Castelléon
BMC Oral Health

Dear Dr. Aimeida,

| am pleased to inform you that your manuscript "Effect of crown to implant ratio and implantoplasty on the fracture
resistance of narrow dental implants with marginal bone loss. An in vitro study." (OHEA-D-20-00712R4) has been
accepted for publication in BMC Oral Health.

If any final comments have been submitted from our reviewers or editors, these can be found at the foot of this email for
your consideration.

Before publication, our production team will also check the format of your manuscript to ensure that it conforms to the
standards of the journal. They will be in touch shortly to request any necessary changes, or to confirm that none are
needed.

Please do not hesitate to contact us if you have any questions regarding your manuscript and | hope that you will
consider BMC Oral Health again in the future.

If you wish to co-submit a data note to be published in BMC Research Notes (https://bmcresnotes.
biomedcentral.com/about/introducing-data-notes) you can do so by visiting our submission portal
http://www.editorialmanager.com/resn/. Data notes support open data (https://www.springernature.com/gp/open-
research/open-data) and help authors to comply with funder policies on data sharing. Please note that this additional
service is entirely optional.

Best wishes,
Lauren McMillan

BMC Oral Health
https://bmcoralhealth.biomedcentral.com/

150



Publishing license authorization. Publication 2.

Jose V. Bagan <Jose.V.Bagan@uv.es> qua., 14dejul. 19:19 Yy & :
para mim, Secretaria ~

Xp espanhol ¥ > portugués ¥  Traduzir mensagem Desativar para: espanhol x

Tiene nuestra autorizacion para ello lo que indica en su email.

Un saludo,

Jose V. Bagan
Director Med Oral Patol Oral Cir Bucal

----—-- Mensaje reenviado -----—-
Asunto:Permisso para reproducir paper
Fecha:Tue, 22 Jun 2021 15:01:30 +0100
De:Bruno Leitdo de Almeida <leitacalmeida@gmail.com>
Para:secretaria@medicinaoral.com

Hola,

Necesito obtener permiso para reproducir en mi tesis doctoral el siguiente articulo, recientemente
publicado en Med Oral Patol Oral Cir Oral:

Leitdo-Almeida B, Camps-Font O, Correia A, Mir-Mari J, Figueiredo R, Valmaseda-Castellén E. Effect de

pérdida 6sea en la resistencia a la fractura de implantes dentales estrechos después de la implantoplastia.
Un estudio in vitro. Med Oral Patol Oral Cir Oral. 2020. doi: 10.4317 / medoral.24624.

151



Acceptance letter for publishing. Publication 2.

Med Oral Patol Oral Cir Bucal

Indexed and abstracted in: Science Citation Index Expanded, Journal Citation Reports, Index
Medicus, MEDLINE, PubMed, Scopus, Embase and Emcare, Indice Médico Espariol, IBECS,
Dialnet, Latindex

2021-05-31

Reference: 24624
Title: Effect of bone loss on the fracture resistance of narrow dental implants after
implantoplasty. An in vitro study.

Dr. Rui Figueiredo

Email: ruipfigueiredo@hotmail.com
Password: NGB

www.medoral.es
Dear Dr,
Thank you for submitting your article for our consideration.

Your above referenced article with the following authors: Bruno Leitao-Almeida,Octavi
Camps-Font,André Correia,Javier Mir-Mari,Rui Figueiredo,Eduard Valmaseda-Castell6n ,
has been evaluated by the reviewers. We are happy to inform you that they have
recommended accepting the manuscript for publication in Medicina Oral Patologia Oral
Cirugia Bucal.

We follow acceptance by date-order to establish the final publication of a manuscript.

Please complete the Copyright Transfer Agreement form available at
available at http://www.medicinaoral.com/conflict_med.htm

They should be submitted to the Production Editor (email: secretaria3@medicinaoral.com).
Please note that your paper cannot be published until we have received your signed
Copyright Transfer Agreement and the conflict of interest.

We will publish the article according to the reviewers exact recommendations. We will only
make minor changes, for example, any spelling mistakes, e.t.c.

This article will be first published in the AHEAD OF PRINT [AOP] version in PUBMED
MEDLINE. Then, after some months, we will publish your article with full reference of the
year, volume and page.

We very much appreciate your interest in our publication.

Yours sincerely.
Professor Jose V. Bagan
Editor Med Oral Patol Oral Cir Bucal

Indexed in: SCI-JCR, INDEX MEDICUS, MEDLINE, PUBMED, EMCARE, EMBASE,
SCOPUS, IME

152



153



