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Abstract. – OBJECTIVE: The aim of the 
present investigation was to evaluate, by an in 
vitro simulation, the mechanical behavior of the 
conical vs. internal hexagon under cyclic load 
and the microleakage of the prosthetic connec-
tion of the fixture.

MATERIALS AND METHODS: A standard-
ized cyclic loading was performed considering 
the implant with conical connection (diameter 4 
mm - length 10 mm) (CS) and internal hexagon 
connection (diameter 4 mm - length 10 mm) (IH). 
The toluidine blue infiltration has been evaluat-
ed with the paper cone test.

RESULTS: After a total of 5x104 loads, the 
screw has been removed and the abutment ap-
pears solid and stable to the implant fixture for 
CS, while the IH was unstable. There was no in-
filtration of the toluidine marker in the connec-
tion interfaces of CS implants, while the IH was 
positive to the paper cone test.

CONCLUSIONS: The study data showed that 
the conical connection showed higher stabili-
ty compared to the internal hexagon connection 
under the loading and it is able to prevent bac-
terial microleakage. This effectiveness should 
be considered for the long-term maintenance of 
the peri-implant soft and hard tissues around 
the fixture.

Key Words:
Abutment, Micro gap, Crestal bone remodeling, 

Conical connection, Cyclic loading.

Introduction

Dental implants are medical devices, biocom-
patible and surgical inserted into the jawbone, 
mainly for prosthetic purposes, to replace one 
or more missing teeth1-4. Nowadays, the implant 
supported prostheses are extremely predictable. 
The success rate of dental implants, as shown 
by Papaspyridakos et al5, exceeds 90% abun-
dantly with 5 years follow-ups. However, crestal 
bone loss has been observed for decades around 
successfully integrated dental implants. Bone 
loss is significant in the first year while in the 
following years decreases dramatically6,7, Adell 
et al8 were the first to report and quantify a mar-
ginal bone loss that was around 1.5 mm in the 
first year with variability between 0 and 3 mm. 
In the following years, the bone loss was around 
0.05 and 0.138. This study about the causes of 
bone loss is fundamental because bone loss may 
influence aesthetic outcomes and can interfere 
with the long-term health of the peri-implant 
tissues and with the long-term prognosis of the 
implant9-12. The vast majority of implants consist 
of a fixture and an abutment that are coupled 
through connections13-16. However, a virtual mi-
cro gap space is produced at the level of the 
interface between the implant components. This 
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which seems to be responsible for a peri-implant 
inflammatory infiltrate, a consequence of the 
fact that bacteria can proliferate precisely be-
tween the abutment and the fixture6,9,17,18. The 
majority of dental implants are composed by an 
abutment and a fixture coupled with connections 
screwed19,20-23. The micro gap can also lead to an 
altered distribution of the masticatory stresses 
with the danger of unscrewing and breakage for 
the components, and consequently it could pro-
duce a peri-implant bone resorption19.

The bacterial infiltration between the implant 
and the abutment is called microleakage. It has 
been found to occur in static conditions and 
seems to increase when the assemblies are load-
ed23. Loading forces on the prosthetic restoration 
under function may cause bending of the compo-
nents or movements inside the implant system, 
with the formation of a larger gap, determining a 
“pump” effect that probably increases the move-
ment of the microorganisms6,23. The aim of this 
study is to evaluate in vitro two different types 
of implants connection under cyclic load and the 
possible microleakage of the prosthetic connec-
tion of the fixture.

Materials and Methods

In the present in vitro study a total of 30 
implants were used: 15 Sirio implants 4 mm 
×10 mm with a screw-retained internal hexagon 
(IH) and 15 Close BL implants 4 mm × 10 mm 
with a screw-retained conical abutment con-
nection (CS); (Isomed, Due Carrare, Italy). All 
the samples were assessed after a cyclic load 
5x104 times. The load has been applied by an 
hemispherical cap positioned on the abutment. 
The implants and abutments were screwed at 
30 N/cm as indicated by the manufacturer. To 
hold the implant into the desired position, a hole 
in a resin block was performed. The implants 
were inserted into the resin block with a 30° 
inclination to simulate masticatory forces. The 
implant-abutment connection was left out for 
about 3 mm from the resin block to simulate 
the worst bone condition. The resin blocks were 
designed by a 3D builder software (Microsoft, 
Redmond WA, USA) and the master model 
was printed by 3D resin printer (New Kinpo 
Group, New Taipei City, Taiwan). After that, 
the master model was used to realize all the 
resin blocks to reproduce all the experimental 
conditions required. All samples were loaded 

with a universal test machine Lloyd 30k (Lloyd, 
Instruments Segenswort, UK) managed by the 
Nexygen 4.0 software (Ametek, Berwyn, Penn-
sylvania, USA), to reproduce a load between 20 
N/cm and 300 N/cm with a frequency of 4 Hz23. 
0.7 μL of toluidine blue were placed into a cyl-
inder on the resin block. At the end of the cyclic 
loads, the toluidine blue was eliminated, and the 
possible marker infiltration was evaluated by 
the “point test” with a paper cone put at the im-
plant-abutment connection after the unscrewing 
of components. The possible toluidine blue on 
the paper cone was then misused. 

Statistical Analysis
The power analysis has been conducted ac-

cordingly to the findings of a previous study24. 
The sample size calculation has been conducted 
by the Fisher’s exact test [a err: 0.05; Power (1-
b): 80%; p1: 0.6; p2: 0.1; allocation ratio: 1:1]. 
The minimum statistical sample size was 13 
specimens for each experimental condition that 
was augmented to 15 samples for each study 
group as compensation for eventual test drop-
out. The study data were collected in a specially 
designed electronic database and analyzed by 
the statistical software package GraphPad 9 (La 
Jolla, CA, USA). The study data were analyzed 
by the Chi-square test and a p<0.05 was consid-
ered the reference for the statistical significance. 

Results 

Group CS (Conical Connection)
After one week and about 5x104 loads, 15 

samples with standard conical connections were 
unscrewed. All samples of this group had a stable 
abutment at the fixture. No marker of toluidine 
blue was found at the implant-abutment interface. 
The paper point test was negative (Figures 1-2) 
(Table I-II).

Group IH (Internal Hexagon)
After one week and about 5×104 loads, 15 sam-

ples with internal hexagon connection were un-
screwed and 5 sample was stable. All abutments 
of this group were unstable due to the loosening 
of the fixing screw. The marker toluidine blue 
was visible at the implant-abutment interface 
and the paper point test was positive (Figure 3-5) 
(Table I-II). 
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Discussion

Many authors6,17,20,23 have studied the space 
at the implant-abutment junction. The problem 

of the micro gap is biological and mechanical. 
The biological problem relates to the presence 
of bacteria that, in vivo, can produce a bacterial 
reservoir that, in turn, interferes with the long-
term health of the peri-implant tissues and with 
the long-term prognosis of the implant10,25-33. The 
mechanical problem relates to micromovement 
and possible loosening or fracturing of screw-re-
tained abutments17,34. The precise mechanism 
responsible for the crestal bone remodeling in 
2-piece implants is not known11,34-39. The exis-
tence of a bacterial leakage, both at the junction 
between the abutment and the implant, and 
along the abutment screw has been reported23. 
This crestal bone resorption has not been ob-
served around sleeping implants, where both 
exposures to microbial colonization and loading 
were absent40. It has been shown that inflam-

Figure 1. Preparation of the CS and IH implants specimens for the experimental tests. Both groups after submitted to 5x104 
loads to evaluate the microleakage through toluidine blue infiltration.

Figure 2. Specimen at the end of the loading test.

Table I. Summary of the linear deformation (mm), average loading (N), minimum loading (N) and maximum loading (N) of 
the CS and IH implants.

  Linear Average Minimum Maximum
 Implant deformation loading loading loading
 tested (mm) (N) (N)  (N)

CS 0.609157991 ± 0.28 200 N ± 13.5 186.67 ± 10.2 216.86 ± 12.7
IH 0.887846462 ± 0.30 200 N ± 14.4 189.08 ± 11.3 213.17 ± 12.2
p-value p > 0.05 p > 0.05 p > 0.05 p > 0.05

No significant difference was detected between the two groups after 5×104 loads (p > 0.05, Student t-test).
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mation occurs if the abutment loosens on the 
implants placed in a submerged approach, with 
a possible fistula formation41,42. There is a physi-
ological reaction to the presence of an interface; 
the reason for this reaction is unknown, but it 
may be related to bacterial contamination or mi-
cromovements of the interface43,44. Due to these 
problems, the manufacturers have proposed dif-
ferent implant-abutment connection designs to 

achieve a better reliability and better seal be-
tween the components24,45. In the present in vitro 
study, we have compared the internal hexagon 
connection (IH) and conical connection (CS). 
The samples were evaluated after cyclic loads to 
reproduce the masticatory loads inside the oral 
cavity. The effectiveness shows how the internal 
hexagon connections are less reliable in prevent-
ing microleakage, because in each sample of this 
group, the abutment screw was loosened, and 
toluidine blue was found inside the connection. 
Both conical connections, standard and narrow, 
have not shown a screw loosening, and no tolu-
idine blue infiltration inside the implant-abut-
ment junction with a negative paper point. 

Conclusions

In this in vitro study, both conical connec-
tions, standard and narrow diameter, seem more 
reliable than the internal hexagon in preventing 
bacterial microleakage and obtaining a more sta-
ble implant-abutment connection. These sealing 
capacities suggest that conical connection should 
be used, especially for the treatment of clinical 
cases with high aesthetic and functional value, 
where long-term stability of the peri-implant tis-
sues is required. 
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*p < 0.05.

Table II. Summary of the Chi-square test of the study groups 
comparison.

Contingency: prospective data  

Test Chi-square
Chi-square, df 6.000, 1
Z 2.449
p-value 0.0143
p-value summary *
One- or two-sided? Two-sided
Statistically significant (p < 0.05)? Yes

Figure 3. Toluidine blue infiltration measured by a paper 
cone. CS implant showed no marginal infiltration after the 
loading test.

Figure 4. Positivity to toluidine blue infiltration measured 
by a paper cone (IH group).

Figure 5. Chart of the leakage events associated to the 
study groups comparison after 5×104 times cycles.



F. Lorusso, A. Greco Lucchina, F. Romano, G. Falisi, M.S. Di Carmine, C. Bugea, A. Scarano

126

Availability of Data and Materials
All data generated or analyzed during this study are includ-
ed in this published article.

Authors’ Contribution
All authors were involved in the literature review and per-
formance of the investigation. All authors read and ap-
proved the final manuscript.

Ethics Approval 
Not applicable.

Informed Consent
Not applicable.

ORCID ID
Felice Lorusso: 0000-0002-2660-9231; Alberta Greco Luc-
china: 0000-0002-1985-4263; Francesco Romano: 0000-
0002-8005-2817; Giovanni Falisi: 0000-0001-5166-9861; 
Calogero Bugea: 0000-0002-9960-9830; Maria Stella Di 
Carmine: 0000-0003-4849-9982; Antonio Scarano: 0000-
0003-1374-6146.

References

 1) Davies JE. Understanding peri-implant endosse-
ous healing. J Dent Educ 2003; 67: 932-949. 

 2) Albrektsson T, Berglundh T, Lindhe J. Osseointe-
gration: Historic background and current con-
cepts. Clin Perio Impl Dent 2003; 4: 809-820. 

 3) Albrektsson T, Wennerberg A. On osseointegra-
tion in relation to implant surfaces. Clin Implant 
Dent Relat Res 2019; 21: 4-7. 

 4) Albrektsson T, Sennerby L. State of the art in oral 
implants. J Clin Periodontol 1991; 18: 474-481. 

 5) Papaspyridakos P, Chen CJ, Singh M, Weber HP, 
Gallucci GO. Success criteria in implant dentistry: 
a systematic review. J Dent Res 2012; 91: 242–
248. 

 6) Zandim-Barcelos DL, Carvalho GG de, Sapa-
ta VM, Villar CC, Hämmerle C, Romito GA. Im-
plant-based factor as possible risk for peri-im-
plantitis. Braz Oral Res 2019; 33: 67. 

 7) Scarano A, Piattelli A, Polimeni A, Di Iorio D, 
Carinci F. Bacterial adhesion on commercially 
pure titanium and anatase-coated titanium heal-
ing screws: an in vivo human study. J Periodontol 
2010; 81: 1466-1471. 

 8) Adell R, Lekholm U, Rockler B, Brånemark PI. A 
15-year study of osseointegrated implants in the 
treatment of the edentulous jaw. Int J Oral Surg 
1981; 10: 387-416. 

 9) Shemtov-Yona K, Rittel D, Levin L, Machtei EE. 
Effect of dental implant diameter on fatigue per-
formance. Part I: mechanical behavior. Clin Im-
plant Dent Relat Res 2014; 16: 172-177. 

10) Tumedei M, Piattelli A, Degidi M, Mangano C, Iez-
zi G. A Narrative Review of the Histological and 
Histomorphometrical Evaluation of the Peri-Im-
plant Bone in Loaded and Unloaded Dental Im-
plants. A 30-Year Experience (1988-2018). Int J 
Environ Res Public Health 2020; 17: 2088. 

11) On SW, Yi SM, Park IY, Byun SH, Yang BE. Frac-
ture and Fatigue of Dental Implants Fixtures and 
Abutments with a Novel Internal Connection De-
sign: An In Vitro Pilot Study Comparing Three Dif-
ferent Dental Implant Systems. J Funct Biomater 
2022; 13: 239. 

12)	 Brożek	 R,	 Koczorowski	 R,	 Dorocka-Bobkowska	
B. Laboratory and clinical evaluation of polymer 
materials	 reinforced	 by	 fibers	 used	 in	 dentistry.	
Eur Rev Med Pharmacol Sci 2019; 23: 1855-1863. 

13) Comuzzi L, Tumedei M, Piattelli A, Iezzi G. Short 
vs. Standard Length Cone Morse Connection 
Implants: An In Vitro Pilot Study in Low Density 
Polyurethane Foam. Symmetry 2019; 11: 1349. 

14) Comuzzi L, Tumedei M, Pontes AE, Piattelli A, 
Iezzi G. Primary Stability of Dental Implants in 
Low-Density (10 and 20 pcf) Polyurethane Foam 
Blocks: Conical vs Cylindrical Implants. Int J En-
viron Res Public Health 2020; 17: 2617. 

15) Tumedei M, Piattelli A, Falco A, De Angelis F, Lo-
russo F, Di Carmine M, Iezzi G. An in vitro eval-
uation on polyurethane foam sheets of the in-
sertion torque, removal torque values, and reso-
nance frequency analysis (RFA) of a self-tapping 
threads and round apex implant. Cell Polymers 
2020; 1: 1796. 

16) Kim KS, Lim YJ. Axial Displacements and Remov-
al Torque Changes of Five Different Implant-Abut-
ment Connections under Static Vertical Loading. 
Materials 2020; 13: 699. 

17) Assenza B, Scarano A, Leghissa G, Carusi G, 
Thams U, Roman FS, Piattelli A. Screw- vs ce-
ment-implant-retained restorations: an experimen-
tal study in the Beagle. Part 1. Screw and abut-
ment loosening. J Oral Impl 2005; 31: 242-246. 

18) Cumbo C, Marigo L, Somma F, La Torre G, Min-
ciacchi	I,	D’Addona	A.	Implant	platform	switching	
concept: a literature review. Eur Rev Med Phar-
macol Sci 2013; 17: 392-397. 

19) Nissan J, Narobai D, Gross O, Ghelfan O, 
Chaushu G. Long-term outcome of cemented 
versus screw-retained implant-supported partial 
restorations. Int J Oral Maxillofac Implants 2011; 
26: 1102-1107. 

20) Lepesqueur LS, de Figueiredo VMG, Ferreira LL, 
Sobrinho AS da S, Massi M, Bottino MA, Noguei-
ra Junior L. Coating dental implant abutment 
screws with diamondlike carbon doped with di-
amond nanoparticles: the effect on maintaining 
torque after mechanical cycling. Int J Oral Maxil-
lofac Implants 2015; 30: 1310-1316. 

21) Scarano A, Assenza B, Piattelli M, Iezzi G, 
Leghissa GC, Quaranta A, Tortora P, Piattelli A. 
A 16-year study of the microgap between 272 hu-
man titanium implants and their abutments. J Oral 
Implantol 2005; 31: 269-275. 



Microleakage and mechanical behavior of conical vs. internal hexagon implant-abutment

127

22) Scarano A, Mortellaro C, Mavriqi L, Pecci R, Val-
bonetti L. Evaluation of Microgap With Three-Di-
mensional X-Ray Microtomography: Internal 
Hexagon Versus Cone Morse. J Craniofac Surg 
2016; 27: 682-285. 

23) Assenza B, Tripodi D, Scarano A, Perrotti V, Pi-
attelli	A,	Iezzi	G,	D’Ercole	S.	Bacterial	leakage	in	
implants with different implant-abutment connec-
tions: an in vitro study. Journal of Periodontology 
2012; 83: 491-497. 

24) Scarano A, Perrotti V, Piattelli A, Iaculli F, Iezzi G. 
Sealing capability of implant-abutment junction un-
der cyclic loading: a toluidine blue in vitro study. J 
Appl Biomater Funct Mater 2015; 13: 293-295. 

25) Vinhas AS, Aroso C, Salazar F, López-Jara-
na P, Ríos-Santos JV, Herrero-Climent M. Re-
view of the Mechanical Behavior of Different Im-
plant-Abutment Connections. Int J Environ Res 
Public Health 2020; 17: 8685. 

26) Fujiwara S, Kato S, Bengazi F, Urbizo Velez J, Tu-
medei M, Kotsu M, Botticelli D. Healing at im-
plants installed in osteotomies prepared either with 
a piezoelectric device or drills: an experimental 
study in dogs. Oral Maxillofac Surg 2020; 25: 65-73. 

27) Kotsu M, Urbizo Velez J, Bengazi F, Tumedei M, 
Fujiwara S, Kato S, et al. Healing at implants in-
stalled from ~ 70- to < 10-Ncm insertion torques: 
an experimental study in dogs. Oral Maxillofac 
Surg 2020; 25: 55-64. 

28) Kim KS, Lim YJ. Axial Displacements and Remov-
al Torque Changes of Five Different Implant-Abut-
ment Connections under Static Vertical Loading. 
Materials 2020; 13: 699. 

29) Basgil MC, Kurtoglu C, Soygun K, Uslan Y, Demi RT. 
Dynamic and static load performance of dental bio-
material systems with conical implant-abutment con-
nections. Biomed Mater Eng 2020; 31: 319-328. 

30) Borges FL, Dias RO, Piattelli A, Onuma T, Gou-
veia Cardoso LA, Salomão M, Scarano A, Ayub 
E, Shibli JA. Simultaneous sinus membrane ele-
vation and dental implant placement without bone 
graft: a 6-month follow-up study. J Periodontol 
2011; 82: 403-12. 

31) Sun F, Lv LT, Cheng W, Zhang JL, Ba DC, Song 
GQ, Lin Z. Effect of Loading Angles and Implant 
Lengths on the Static and Fatigue Fractures of 
Dental Implants. Materials 2021; 14: 5542. 

32)	 Park	SJ,	 Lee	SW,	Leesungbok	R,	Ahn	SJ.	 Influ-
ence of the connection design and titanium grades 
of the implant complex on resistance under static 
loading. J Adv Prosthodont 2016; 8: 388-395. 

33) Maglione M, Bevilacqua L, Dotto F, Costantinides 
F, Lorusso F, Scarano A. Observational Study on 
the Preparation of the Implant Site with Piezo-
surgery vs. Drill: Comparison between the Two 
Methods in terms of Postoperative Pain, Surgical 
Times, and Operational Advantages. BioMed Res 
Int 2019; 1: 8483658. 

34) Scarano A, Carinci F, Lorusso F, Festa F, Bevilac-
qua L, Santos de Oliveira P, Maglione M. Ultra-
sonic vs Drill Implant Site Preparation: Post-Op-
erative Pain Measurement Through VAS, Swell-
ing and Crestal Bone Remodeling: A Randomized 
Clinical Study. Materials 2018; 11: 1. 

35) Geramizadeh M, Katoozian H, Amid R, Kadkho-
dazadeh M. Static, Dynamic, and Fatigue Finite 
Element Analysis of Dental Implants with Differ-
ent Thread Designs. J Long Term Eff Med Im-
plants 2016; 26: 347-355. 

36) Assenza B, Scarano A, Petrone G, Iezzi G, 
Thams U, San Roman F, Piattelli A. Crestal bone 
remodeling in loaded and unloaded implants and 
the microgap: a histologic study. Imp Dent 2003; 
12: 235-241. 

37) Anitua E, Murias-Freijo A, Alkhraisat MH. Implant 
Site Under-Preparation to Compensate the Re-
modeling of an Autologous Bone Block Graft. J 
Craniofac Surg 2015; 26: 374-377. 

38) Gehrke SA, Júnior JA, Treichel TLE, do Prado 
TD, Dedavid BA, de Aza PN. Effects of insertion 
torque values on the marginal bone loss of den-
tal implants installed in sheep mandibles. Sci Rep 
2022; 12: 538. 

39) Noumbissi S, Scarano A, Gupta S. A Literature 
Review Study on Atomic Ions Dissolution of Tita-
nium and Its Alloys in Implant Dentistry. Materials 
2019; 12: 368.

40) Smeets R, Henningsen A, Jung O, Heiland M, 
Hammächer	C,	Stein	JM.	Definition,	etiology,	pre-
vention and treatment of peri-implantitis--a re-
view. Head Face Med 2014; 3: 10-34. 

41) Agustín-Panadero R, Serra-Pastor B, Roig-Vana-
clocha A, Fons-Font A, Solá-Ruiz MF. Fracture re-
sistance and the mode of failure produced in met-
al-free crowns cemented onto zirconia abutments 
in dental implants. PloS One 2019; 14: 0220551. 

42) Mishra SK, Chowdhary R, Kumari S. Microleak-
age at the Different Implant Abutment Interface: 
A Systematic Review. J Clin Diagn Res 2017; 11: 
10-15.

43) Atsuta I, Ayukawa Y, Kondo R, Oshiro W, Mat-
suura Y, Furuhashi A, Tsukiyama Y, Koyano K. 
Soft tissue sealing around dental implants based 
on histological interpretation. J Prosthodont Res 
2016; 60: 3-11. 

44) Etter TH, Håkanson I, Lang NP, Trejo PM, 
Caffesse RG. Healing after standardized clinical 
probing of the perlimplant soft tissue seal: a histo-
morphometric study in dogs. Clin Oral Implants 
Res 2002; 13: 571-580. 

45) Scarano A, Lorusso C, Di Giulio C, Mazzaten-
ta A. Evaluation of the Sealing Capability of the 
Implant Healing Screw by Using Real Time Vola-
tile Organic Compounds Analysis: Internal Hexa-
gon Versus Cone Morse. J Periodontol 2016; 87: 
1492-1498.


