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ABSTRACT	
	

The aim of this study is to evaluate hexagon deformation of dental implant regarding to the insertion force, 
verifying the external hexagon platforms before and after each torque performed. Thereunto, 25 implants were 
selected and divided into 5 groups with 5 implants each one; every group received different torque 10N, 20N, 
30N, 40N and 100N. A Surgical torque wrench was used, with the implant installation key, what established the 
insertion force for each group. The platform measurements were carried out before and after apply the torque 
by analyses of images acquired through implant platforms. We conclude, by this study methodology, 100N 
forces were able to cause changes on hexagon dimensions; however, it did not damage the prosthesis platform 
adaptation. 

KEYWORDS: external hexagon, implants, deformation 
http://dx.doi.org/10.19177/jrd.v4e62017145-149 

 

INTRODUCTION 

 Early studies on Dental Implant1 
followed the osseontegration process of 

machined implant, their predictability 
and biomechanical factors. However, 

aesthetic requirements were not 

considered in their studies.2,3,22.  
 The search for aesthetics on 

e d e n t u l o u s r i d g e r e c o n s t r u c t i o n 
constitutes a challenge for surgeon 

dentists and prosthodontics, considering 

the aesthetic effect that progressive 
alveolar bone reabsorption may cause on 

the final result in a rehabilitation 
4-7,17,18,19,23. 
 On the modern Dental Implant, 

a c h i e v i n g a g o o d p r o g n o s i s o n 
osseointegration and obtaining primary 

stability is Paramount. The implants 

immediate loading requires high initial 
stability levels, measured through torque 

carried out during their installation or by 
resonance frequency analysis.1,8,20,21.  

 It is known that as higher 

stability, as lower the micro mobility 
presented by the implant, and better the 

interface bone-implant, no matter the 

place it is inserted. The torque control 
has been excellent clinical parameters for 

implant stability. Indexes above 35N are 
considered acceptable, measured 

through electric motor used during the 

milling process and installation, or 
through pre-calibrated ratchets8,9,20,24. 

 Implant macro geometrical 
aspects act as favorable factors to obtain 

primary stability, like thread diameter 

and design, subfreshment surgical 
techniques and bone condensation by 
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osteotomy, further the professional 

experience to identify the bone nature in 
the implantation place8,9. These factors 

can lead to achieve high stability levels 
demanding elevated torques on the 

implants, what makes the insertion very 

difficult. These trends, as well as the 
evolution on the systems obliged 

changes, including on the alloy to 
circumvent the implants. Alloys that are 

more resistant were adopted, keeping 

similar biological properties. Likewise, 
devices used also changed.8-12 

 The appropriate scientific 
e v i d e n c e o n t h e s u c c e s s f u l 

osseointegrated implants stimulated new 

alternative implant systems arise, with 
variable prosthetic geometry and 

connections. Implants with External 
Hexagon Connection (EH), developed by 

Branemark, still are the most evident and 

science case-by- 25-30. As the big 
advantage, this system is very simple and 

i t s g r e a t v a r i e t y o f p r o s t h e t i c 
components facilitates the choice for the 

appropriate solution for the case. 

Initially, implant installation with EH 
occurred by assemblers set to the 

hexagon. However, nowadays the 
installation keys of most implants are 

internal connections, increasing the 

resistance of implants/platforms to the 
elevated torques to preserve hexagon 

dimensions for future prosthetic 
adaptations13,14,16. Nevertheless, hexagon 

failures and deformation can occur when 

the implants installation due to factors 
like installation key maladaptation or 

excessive torque.25,26,27 
 Implants with internal hexagon 

connection (IH) and morse were also 

developed in order to improve the force 
distribution and crown/prosthetic pillars 

stability, besides presenting some 
biological advantages and less bone loss 

( s a u c e r i z a t i o n ) a r o u n d t h e 

implants15,25,26,27. 

 B a s e d o n t h e a b o v e 

considerations, the aim of this research 
was evaluate in vitru EH platform 

deformation before and after application 
of different torque to the implant 

installation.   

MATERIAL AND METHODS 

 To perform this work, 25 
platform implants 4.1 brand Implalife® 

(Jales, São Paulo, Brazil)were used 

(Figure 1) divided into 5 groups with 5 
implants each one (n=5), depending on 

the torque value applied (10, 20, 30, 40 
and 100N). The specimens were set in a 

metal bowl (Figure 2) connected with 

colorless acrylic resin using a liner 
(Figure 3) to obtain parallel between the 

implant set, and to they could be 
submitted to the forces until 100N. After 

f i x e d o n t h e b l o c k , t h e y w e r e 

photographed before and after each 
torque performed 10, 20, 30, 40 and 100N 

with implant installation key (Figure 4) 
connected to a Surgical torque wrench 

(Figure 5). Posteriorly these images were 

analyzed in the Clinical Laboratory of 
Marine Sciences at UNISUL using a 

software(HP300 DEMO 1.20) together the 
stereoscope brand Zeiss® (Figure 6) 

connected to a magnifying glass 200x; 

the hexagon measures of implants were 
written down and compared between 

them before and after the torque wrench 
a p p l i c a t i o n . T h e n , t h e r e w a s a 

verification if the structure dimensions 

presented changes through the software 
Image J. All the measures were compared 

and the t-Student test was applied. 

RESULTS 

 Results obtained were analyzed 
through statistical analysis T-Student 

test, and showed there was significant 
statistical deformation (p<0.05)only in 

the group 5, according to the graphs 1, 2, 

3, 4 and 5 and table 1. 

Figure 1. Specimens set on the metal bowl filled 

with colorless acrylic resin. 

Figure 2. Liner Bio-Art. 

Figure 3. Key top place the implant. 

Figure 4. Surgical torque wrench. 

 On the group 5, the torque 

carried out was 100N on each implant, 
s h o w i n g t h e r e w a s s i g n i f i c a n t 

statistically deformation between them. 
The average was 3.080±2.972.  

DISCUSSION 

 Geometry deformation on the 

hexagon connection caused by torque 
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during the implants installation lead 

r e s e a r c h e r s t o d e v e l o p i n t e r n a l 
connections type internal hexagon and 

cone morse27,30. In this study, the 
implants were inserted in self-curing 

acrylic resin rigid plates in pattern way 

using liners. It enables a specimen 
evaluation with appropriately fixed on 

the acrylic in order to decease external 
variables that could interfere on the 

results, as bone type and quality, implant 

thread macro and micro geometry and 
eve implant surface treatment25-30. 

Figure 5. Stereoscope. 

Figure 6. Stereoscope. 

 Several factors can interfere on 

the torque for implant insertion, like 
b o n e d e n s i t y , i m p l a n t d e s i g n , 

subfreshment surgical techniques, use of 

o s t e o t o m e c a p a c i t o r s a n d e v e n 
professional experience8,9,20,21. When high 

values of implantation insertion torques 
are used, some mechanical complications 

may occur in the hexagon region, and 

increase rotation of free rotation of pillar. 
Any deformation in external hexagon 

area can unfeasible the future prosthetic 
rehabilitation, mainly in single cases 

w h i c h d e p e n d s o n a n t i r a t i o n a l 

prosthesis8-12. 
 T h i s s t u d y s h o w e d w h e n 

excessive torque is applied, dimensional 
changes could occur on the external 

hexagon surface. This information 

confirms the need to respect and 
standardize the implants installation 

with maximum torque 40-45N in order to 
prevent future failures on the prosthesis, 

w h a t c a n c a u s e i n c r e a s e t h e 

maladaptation and excessive micro 
movements pillar/implant, or even 

impossibility pillar adaptation, favoring 
bacterial penetration and increase the 

risk of perimplantite 15,29,30.  

 Almost all the groups evaluated 
pre and post torque (1, 2, 3 and 4) did not 

p r e s e n t s i g n i f i c a n t c h a n g e s o n 
deformation of hexagon platform; it 

indicates capacity of the models to resist 

torque loads applied by the operator 
during implants installation. Only one 

g r o u p ( 5 ) p r e s e n t e d s i g n i f i c a n t 
difference on hexagon deformation; this 

model received 100N torque, suggesting 

future problems like pillar prosthesis 
loosening and/or maladaptation.  

 Passive adaptation between 
bolted prosthesis and external hexagon is 

Paramount for mechanical stability of 

osseointegrated implant, which is 
negatively affected by changes on the 

external surface8,9. In this study, despite 
the torque application have caused 

dimensional changes on the hexagon 

surface, most of torques applied did not 

showed significant change. However, it is 

known that when there is significant 
change, pillar implant adaptation can be 

directly affected and some studies have 
showed a close relation between 

p r o s t h e s i s m i s m a t c h a n d b o l t s 

loosening25-29. 
 Once this study evaluated 

prosthesis platform deformation of 
i m p l a n t s w i t h e x t e r n a l h e x a g o n 

connection in vitru and some changes 

were found in one of the groups tested, 
we suggest new methodologies and new 

tests to investigate dynamic or clinical 
conditions.  

Graph 1. Platform measures performed before and 

after the 10N torque on the implants. 

Graph 2. Platform measures performed before and 

after 20N torque on the implants. 
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Graph 3. Platform measures performed before and 

after 30N torque on the implants. 

Graph 4. Platform measures performed before and 

after 40N torque on the implants. 

Graph 5. Platform measures performed before and 

after 100N torque on the implants. 

 

Table 1. Averages and standard deviations of groups 1, 2, 3, 4 and 5. 

CONCLUSIONS 

 According to the methodology 
applied in this study, there was no 

deformation on the hexagon dental 
implants with torque 10, 20, 30 and 40N. 

However, applying 100N torque, 

dimensional changes showed up, but it 
d i d n o t d a m a g e t h e p r o s t h e t i c 

components adaptation.  
 The work also suggests new 

methodologies and test types should be 

applied for better evaluation. 
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