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Fantasia, R. Distribuicio de tensdo sobre implantes durante fase de osseointegracio de

pacientes desdentados totais sob diferentes tipos de implantes e cicatrizadores. Estudo por



analise de elementos finitos 3D. 27 f. 2022. Dissertagdo (Mestrado) - Faculdade de
Odontologia, Universidade Estadual Paulista, Aragatuba, 2022.

O objetivo desse estudo foi avaliar o estresse gerado no tecido 6sseo, implantes e tampas de
cicatrizagao ao usar diferentes alturas de cicatrizadores e diferentes conexdes (HE e Cone Morse) em
duas situagdes distintas de carregamento (vertical e obliqua) em overdenture ou em protese do tipo
protocolo em mandibula, por andlise de elementos finitos tridimensionais (3D). Quatro modelos 3D
foram elaborados usando imagem digitalizada de um modelo mandibular de laboratério e protese total,
incluindo 4 implantes colocados no nivel da crista na regido dos dentes #46, #43, #33 e #36. Foi
simulado osso tipo I, separando os tecidos moles. O design do implante/tampa de cicatrizagao foi
obtido a partir de componentes originais. Foram modeladas tampas de cicatrizagdo de cone morse e
hexagono externo de 2,5mm e 4,5mm. Foram aplicados sobre a protese total 256,2N de carga vertical
(0°) e obliqua (45°). A analise de deslocamento e tensdo de von Mises e maxima tensao principal foi
realizada usando o ANSYS 19.2. A carga vertical ndo mostrou diferengas significativas na distribuicdo
de tensao variando tampas de cicatrizagdo ou conexdes de implantes. O carregamento obliquo mostrou
maior concentragédo de tensdo em coroas de maior altura e para modelos com implantes de hexagono
externo. Portanto, conclui-se que de acordo com os resultados e limitagdes deste estudo, coroas de
maior altura afetam negativamente a transmissdo de tensdes as estruturas de suporte
independentemente da conexdo do implante e os implantes de hexagono externo sdo mais prejudiciais

a transferéncia de tensdes principalmente para situagdes de altas alturas de coroas de cicatrizagao.

Descritores: Analise de elementos finitos; Projeto do Implante Dentario-Pivd; Fendmenos mecanicos;

Implantes dentarios, Protese total.

Fantasia, R. Influence of healing caps heights and implant connections on stress
distribution in initial osseointegration of implants placed to fabrication of mandibular

protocol/overdentures prosthesis : study by 3D finite element analysis . 27 f. 2022.



Dissertacdo (Mestrado) - Faculdade de Odontologia, Universidade Estadual Paulista,
Aragatuba, 2022.

Abstract:

To evaluate the stress generated on bone tissue, implant, and healing caps while using different
heights of caps and different connections in two different loading situations of mandibular
overdenture/protocol situation by 3D finite element analysis. Materials and methods: Four 3D
models were modeled using scanned image of a laboratory mandibular model and complete
denture, including 4 implants placed at crestal level in region of teeth #46, #43, #33 and #36.
Type Il bone was simulated, separating soft tissue. The implant/healing cap design was obtained
from original components. Healing caps of morse taper and external hexagon of 2,5mm and
4,5mm were modeled. 256,2N of vertical (0°) and oblique (45°) loadings were applied over
complete denture. Displacement and stress analysis of von Mises and Maximum Principal
Stress were performed using ANSYS 19.2. Results: Vertical loading did not show differences
in stress distribution varying healing caps or implant connections. Oblique loading showed
more stress concentration in healing caps of higher heights and for models using external
hexagon implants. Conclusions: According to the results and limitations of this study healing
caps of higher heights negatively affect the stress transmission to the supporting structures
independently of implant connection and external hexagon implants were more prejudicial to

the stress transferring mainly for situations of high heights of healing caps.

Keywords: Finite element analysis; Dental Implant-Abutment Design; Mechanical phenomena;

Dental implants, Denture, Complete.
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Fantasia R. Influence of healing caps heights and implant connections on stress
distribution in initial osseointegration of implants placed to fabrication of mandibular
protocol/overdentures prosthesis. Study by 3D finite element analysis.

[Dissertagao](Mestrado). Aragatuba: UNESP — Univ. Estadual Paulista; 2022.

PURPPOSE

Objectives: To evaluate the stress generated on bone tissue, implant, and healing caps while
using different heights of caps and different connections in two different loading situations of
mandibular overdenture/protocol situation by 3D finite element analysis. Materials and
methods: Four 3D models were modeled using scanned image of a laboratory mandibular model
and complete denture, including 4 implants placed at crestal level in region of teeth #46, #43,
#33 and #36. Type Il bone was simulated, separating soft tissue. The implant/healing cap design
was obtained from original components. Healing caps of morse taper and external hexagon of
2,5mm and 4,5mm were modeled. 256,2N of vertical (0°) and oblique (45°) loadings were
applied over complete denture. Displacement and stress analysis of von Mises and Maximum
Principal Stress were performed using ANSYS 19.2. Results: Displacement maps showed no
differences and clinically acceptable values for all models. Vertical loading did not show
differences on stress distribution varying healing caps or implant connections. Oblique loading
showed more stress concentration in healing caps of higher heights and for models using
external hexagon implants. Conclusions: According to the results and limitations of this study
healing caps of higher heights negatively affect the stress transmission to the supporting
structures independently of implant connection and external hexagon implants were more

prejudicial to the stress transferring mainly for situations of high heights of healing caps.

Keywords: Finite element analysis; implant abutment; mechanical phenomena; dental

implants, complete denture.
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INTRODUCTION

Implantology allowed to make dental rehabilitations with high success rate and
long follow-up, being indicated to a lot of patients, including complete dentures users
that had been described the most benefited by implants since there is an improvement
of comfort."? Primary stability has been demonstrated as the main factor in the success
or failure of implants since the initial biologic fixation facilitates the continuous
apposition / re-modeling of bone.3*

After implant placement, clinical and mechanical factors affect the
osseointegration including the initial cicatricial phase and post-prosthesis installation.
From a biomechanical point of view, physiologic loads over implants, mainly
compressive, are well dissipated by bone tissue; however, unphysiological high
tension could generate peri-implantitis and its evolution create peri-implant bone
resorption, and consequently implant failure.>6

Independent of treatment time, micro-movements over 150 microns could result
in osseointegration failure.5-9 The etiology includes micro bleeding that could induce
fibrotic tissue formation on the peri-implant region. Therefore, in the initial time of
osseointegration no overload to induce excessive movement to the implant. However,
unfortunately, it is commonly for edentulous patients the rehabilitation with provisional
complete denture prosthesis over the soft tissue or healing caps could induce stress
to the implants. Moreover, if the comfort of the patient is improved by better occlusion
force the provisional prosthesis could distribute more stress than conventional

complete dentures.'°
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Clinically, there are two ways to allow osseointegration during the first step
surgery time: conventional two step surgery protocol or positioning healing caps
directly over the implants after surgery if they achieve good primary stability. In this last
situation, the soft tissue heals with the healing cap exposed in the oral cavity and have
been called by some authors as non submerge technique.’-'> Using submerge
technique as priorly described by Branemark always have need a second stage
surgery to connect prosthetic abutment and loading. This protocol is justified to
minimize the risk of infection during the osseointegration phase.'® However, the non-
submerged technique has gained popularity as it reduces surgical intervention, thus
reducing surgical time, patient discomfort as well as produces healed/healthy peri-
implant mucosa at the time of prosthetic rehabilitation. The studies have been
described with similar and satisfactory osseointegration results.3: 17-18

The non-submerged protocol is extremely interesting cause reduces surgery
time and number, healing time, improves comfort to the patient'® and some articles
show less marginal bone loss with better crestal bone and soft tissue level
maintenance with similar success rates.?%-23 In this way, since good primary stability is
achieved, the non-submerged technique can be indicated."’

The initial two-stage protocol described by Branemark was made over external
hexagon implant indication. However, with the improvement and popularity of
implantology, other implant connections were developed, like morse taper, trying to
improve the biomechanics of stress distribution.?*?> Mechanically, some authors
stated that this implant could provide more controlled stress distribution?® and being
more stable when compared to external hexagon implants.?” Therefore, using morse
taper implants could be more favorable when considering the use of a non-submerged

technique.
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Biomechanical studies verify if these differences could be useful to improve the
understanding of clinical usage of these techniques in implantology. The finite element
method allows this evaluation and has been widely used for this goal.?¢ Some reports
using this methodology analyzed the effect of stress distribution over complete
dentures,?30 but not considering the implant connection or different heights of healing
caps in non-submerged techniques, including only vertical load conditions that
physiologically are more favorable to implantology.

Therefore, the present study aimed to evaluate the stress generated on the
implant, healing cap and bone tissue while using and external hexagon or morse Taper
connection and 2.5 and 4.5 mm of healing cap, heights under vertical and oblique
loading by 3D finite element analysis in situations of the mandibular 4-implant
supporting prosthesis and in the first stage of osseointegration.

The null hypothesis was that there would not be any difference in the stress
distribution on the implant and supporting structures when the implant connection is
changed; and that there would not be any difference in the stress distribution on the

implant and supporting structures when the height of the healing caps is changed.

MATEIRAL AND METHODS

Four tridimensional models were modeled simulating bone type Il and varying
the implant connection simulated (morse taper and external hexagon) and the height
of the healing cap being or at soft tissue level or 2 mm exposed. A full description of
the models is presented at Table 1.

The bone tissue modeling was made by scanning of outer surface of one

mandibular laboratorial model including a complete denture adapted over it using teeth
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and a prosthesis base as a unique structure. The models with the variations were
presented in Figure 1. All scanned images were obtained by “STL” archive format and
exported to Rhinoceros 3D 4.0 (NURBS Modeling for Windows, Robert McNeel &
Associates, Seattle, USA) to modeling phase and simplifications by separating layers
of mucosa and cortical bone with mean of 2mm and 1 mm thickness, respectively
methodology of previous studies.?8: 31-32

The geometry of implants was made using the original design of morse taper
3.5x10mm UNITITE (SIN, Sistema de Implante Nacional, Sdo Paulo/SP, Brazil) of the
Solidworks (SolidWorks Corp, Massachusetts, EUA) and exporting in .stp file format
to Rhinoceros 3D following simplification of surfaces but allowing computational
processing without loss of information of original design for FEA method. For direct
comparison, the external geometry of morse taper implant was fixed and was made
simulation of an external hexagon connection as previously published. 28 31-32 Healing
caps were modeled to achieve soft tissue level and to be exposed in 2mm over tissue
level and maintained the same height for both implants. The position of each implant
was made by tooth reference using #46, #43, #33 and #36 positions always at crestal
bone level. A detailed presentation of the models created is illustrated in Figure 1.

Finite element analysis was made by Ansys 19.2 (Southpointe, PA, USA). The
meshing processing was made using CFD (Computational Fluid Dynamics) to allows
high resolution in complex surfaces. The number of nodes/elements of each model
was 159812/5884858, 1168345/5929014, 965553/4863938 and 971197/4894768 for
models M1, M2, M3 and M4, respectively. The mechanical properties of all simulated
materials were presented in the Table 2 and was obtained from the literature and

considered all isotropic, homogeneous, and linearly elastic.
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Two types of contact were simulated: “no separation” to denture/healing caps
and denture/soft tissue contacts; and “bonded” to all other contacts. Restrictions of
models were assumed in “x, y and z” directions and applied to a distal section of bone
tissue (cortical and trabecular). The simulated loads were applied vertically and oblique
at 45 degrees directly on the occlusal teeth region distributing a total of 256,2N of load
according to values obtained from the study of Alvarez-Arenal et al., 2014.3%° Maps of
displacement, von Mises and Maximum Principal Stress maps were generated to

illustrate the results.

RESULTS

Displacement maps are showed in Figure 2. It is possible to verify that all models
have similar displacement distribution for both loads application independent of
connection type or healing height. Values of oblique loading are higher than vertical
ones achieving almost two times in the anterior region; however, presenting inferior
data of 0,06mm on cortical bone. Region of implant #33 was relieved in oblique load
for all models when compared to vertical loading being the displacement increased in
the #43 implant region.

von Mises maps of bone and implants/healing caps shows that oblique loading
was more harmful to concentrate stress in the side of application of load (implants #43
and #46) (Figure 3). However, no difference between models despite between oblique
force it seems M4 presented more stress concentration on healing caps of implants
#43 and #46. In this way, an individualization of implant and healing caps was made.
These maps are illustrated on Figure 4. In this figure it is possible to verify that healing

caps with more height tend to present more stress concentration to the implant
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independent of loading direction or implant connection. Oblique loading showed more
stress than vertical loading (almost 4 times) more in the cervical region of the implant.
No difference was observed between implant connections does not show difference
for vertical loading; however, in oblique loading, the cervical region of the implant
presented a slightly more stress concentration for external hexagon implants, mainly
for healing caps of 4,5mm (M4).

Maximum principal stress maps of bones are presented in Figure 5. In vertical
loading no visible difference comparing was observed all models. Oblique loading
showed that implant #43 presented higher values of compressive and tensile stress
and no difference observed comparing healing caps of different heights, but direct
comparison of different implant connections showed that models with external hexagon
implants (M3 and M4) presented higher tractive stress concentration on lingual region

of cortical bone of implant #43 (arrows in figure 5).

DISCUSSION

The non-submerged technique. According to the of this study the null hypothesis
was partially rejected cause some differences on stress distribution was observed
when varying the implant connection and the height of healing caps for oblique loading.

Despite the biomechanical differences in stress distribution of different implant
connections?+?” the situation analyzed in this study is a little bit different since the
stress transferred to the supporting structures is not the same amount as a fixed
implant supported prosthesis.?® In this way, is quite to expect that yield or ultimate
tensile strength of materials involved in this study will never be achieved. However,

even considering these differences it seems that external hexagon implants show more
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stress distribution to the bone in the cervical implant neck than morse taper implants
and healing caps of higher height were more prejudicial to stress transferring too. Since
a higher lever arm is expected with higher heights of healing caps this result was not
surprising and it agrees with other studies.?® It is necessary to clarify that macro design
of implant tested in this study was the same for both connections.

Displacement maps showed values similar that clinically expected and no visible
difference between models. In this way, slightly difference in stress distribution in the
von Mises and Maximum Principal Stress maps could impact the longevity of implants
in the initial healing phase of osseointegration process is questionable. However, some
studies have described the use of soft materials for relining denture bases in this phase
to decrease the stress transferring.?°-3° Clinically, the observation tends to be worrying
about this situation since patients feel comfortable supporting over the healing caps
and usually occlude by forcing the denture in these structures.

There is feel studies involving 3D FEA methodology to compare results with this
study.?® However, the results of this study are in agreement then since indicated that
the exposure of the healing caps during the healing period may be considered a
potential risk, mainly when the prosthesis is not relined with soft liner materials and the
healing caps at the gingival level should be used after one-stage implant surgery or
reopening the implants cause transfer less stress to the supporting structures. Is it
important to highlight that the comparative prior study was made with only 2 implants,
simplified to the smooth cylindrical surface since convergency testing resulted in no
difference for study, using 4x10mm size of implant and not specified the implant
connection. 2°

Another interesting point of discussion is about the quality of soft tissue around

the implants. In this study it was simulated a 2mm thickness of soft tissue that could
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be considered medium biotype. The literature describes that peri-implant tissue biotype
is an intrinsic parameter that affects both the esthetic and functional aspects of implant
rehabilitation by influencing the remodeling of hard and soft tissues and thick biotype
is a desirable feature providing more predictable surgical and prosthetic outcomes.36
Clinically is observed that thin biotypes present mucositis more frequently.

Finally, it is obvious that non-submerged technique is preferable than
submerged technique thinking about patient comfort and satisfaction.'® However, the
real influence of implant connection and healing height in this specific situation of
complete provisional dentures on the initial phase of osseointegration is not a
consensus. It is necessary to clarify that a lot of clinical studies that presented
advantages of non-submerged techniques describes situations involving implants
supporting single unit prosthesis?'-?3 where there is less stress transferring to the
supporting structure caused by the presence of adjacent teeth. However, considering
complete dentures it is impossible not to transfer some stress to the healing caps. In
this way, considering the limitations and the design of this computational study, it
seems the non-submerged technique remains controverse and in agreement with
some studies.3” Thus, if low levels of stress impair the initial healing of implants,
especially in the first postoperative days, further studies may be necessary to assess

this situation.

CONCLUSION

According to the results and limitations of this study the following conclusions
were drawn: healing caps of higher heights affect negatively the stress transmission to

the supporting structures independently of implant connection; external hexagon
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implants transfers more stress to the supporting structures being more prejudicial when

compared to morse taper implants mainly for high heights of healing caps situations.
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Figure Legends

FIGURE 1 - Schematic description of models showing individualized structures. (a) complete
denture (base and teeth); (b) soft tissue (mucosa); (¢) healing caps; (d) implants (region of tooth

#46, #43, #33 and #36; (e) cortical bone; (f) trabecular bone.
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FIGURA 2 - General displacement maps of bones and implants/healing caps (unit = mm)
FIGURA 3 - General von Mises maps of bones and implants/healing caps (unit = MPa)
FIGURA 4 - Von Mises maps of implants/healing caps (unit = MPa)

FIGURA 5 - General Maximum Principal Stress maps of bones (unit = MPa)

TABLE 1 - Description of models of study
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Model Implants

Implant connection

Healing cap

M1 4 x 3,5x10mm Morse taper
M2 4 x 3,5x10mm Morse taper
M3 4 x 3,5x10mm External hexagon
M4 4 x 3,5x10mm External hexagon

2.5mm (at soft tissue level)
4.5mm (2mm exposed)
2.5mm (at soft tissue level)

4 5mm (2mm exposed)

TABLE 2 - Mechanical properties of all simulated materials

Elasticity modulus  Poisson’s coefficient

Material Reference
(E-GPa) (]
Cortical bone 13.7 0.30 27
Trabecular bone 1.37 0.30 27
Soft tissue (mucosa) 0.34 0.45 32
Titanium 110 0.35 27
Acrylic resin (teeth and base) 1.96 0.30 33

Figure 1 - Schematic description of models showing individualized structures. (a) complete

denture (base and teeth); (b) soft tissue (mucosa); (c) healing caps; (d) implants (region of

tooth #46, #43, #33 and #36; (e) cortical bne; (f) trabecular bone.
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Figure 2 - General displacement maps of bones and implants/healing caps (unit = mm)
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Figure 3 - General von Mises maps of bones and implants/healing caps (unit = MPa)
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Figure 4 - Von Mises maps of implants/healing caps (unit = MPa)
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Figure 5 - General Maximum Principal Stress maps of bones (unit = MPa)

(Max) 10 8,6 7,1 -1 (Min)

[ ' _

Model M1
Load

Vertical

Oblique




YIERICAN COLLEGE C

PROSTHODONTISTS

Your smile. Our specialty

Influence of healing caps heights and implant connections

on stress distribution in initial osseointegration of implants

placed to fabrication of mandibular protocol/overdentures
prosthesis. Study by 3D finite element analysis.

Journal: | Journal of Prosthodontics
Manuscript ID | JOPR-22-608
Wiley - Manuscript type: | Original Article

Manuscript Categories:

Index Words:

finite element analysis, dental implant, implant abutment, mechanical
phenomena, complete denture

Abstract:

Purpose: To evaluate the stress generated on bone tissue, implant, and
healing caps while using different heights of caps and different
connections in two different loading situations of mandibular
overdenture/protocol situation by 3D finite element analysis.

Materials and methods: Four 3D models were modeled using scanned
image of a laboratory mandibular model and complete denture, including
4 implants placed at crestal level in region of teeth #46, #43, #33 and
#36. Type II bone was simulated, separating soft tissue. The
implant/healing cap design was obtained from original components.
Healing caps of morse taper and external hexagon of 2,5mm and 4,5mm
were modeled. 256,2N of vertical (0°) and oblique (45°) loadings were
applied over complete denture. Displacement and stress analysis of von
Mises and Maximum Principal Stress were performed using ANSYS 19.2.
Results: Displacement maps showed no differences and clinically
acceptable values for all models. Vertical loading did not show
differences on stress distribution varying healing caps or implant
connections. Oblique loading showed more stress concentration in
healing caps of higher heights and for models using external hexagon
implants.

Conclusions: According to the results and limitations of this study healing
caps of higher heights negatively affect the stress transmission to the
supporting structures independently of implant connection and external
hexagon implants were more prejudicial to the stress transferring mainly
for situations of high heights of healing caps.
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