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Abstract. The aim of this work was to analyze the changes of the mesial and distal 
cortical bone peaks around the hybrid titanium implants in relation to the mastica-
tory load up to 7 years of follow-up. The analysis aims how occlusal loads may affect 
the peri-implant bone years after insertion through two-dimensional analysis using 
intraoral digital radiographs. Twelve hybrid T3 implants (Biomet 3i) were placed in 9 
healthy patients with the 2-stage surgical approach. Standardized digital Rx were tak-
en after early loading (6-8 weeks) after placement (T0); after 12 months (T1); after 30 
months (T2); after 4 years follow-up (T3), after 5 years follow-up (T4), after 6 years 
follow-up (T5), after 7 years follow-up (T6). The marginal bone gain and loss was digi-
tally measured. From T2 to T4 (5 years follow-up) there was a new bone formation 
demonstrating that well-balanced load forces can ensure good maintenance, with a 
crestal bone gain during the 2.7 to 7-year follow-up period.

Keywords: correct implant loading, peri-implant bone resorption, marginal bone loss, 
dental implant, loading procedure.

INTRODUCTION

Prosthetic rehabilitation through the insertion of implants requires 
achieving osteointegration and maintaining the height of the cervical bone 
(6). In the analysis of the longevity of the rehabilitation treatment, occlusal 
biomechanics plays a fundamental role in preventing the failure of already 
osseointegrated implants and favouring their correct maintenance, since 
occlusal overload is one of the main causes of loss of bone insertion around 
implants (3).

In the last decade, it was already defined how the behaviour of bone 
structures can be predicted in the face of a constant stimulus, which trans-
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lates into the preservation of bone tissue (5). An ineffec-
tive mechanical stimulus can lead to reabsorption due to 
disuse. Conversely, exacerbated values can lead to dis-
organizations, due to remodeling, which in turn cause 
irreversible structure micro-deformation (8).

When osseointegration processes are achieved, new-
ly formed bone directly contacts the titanium surface, 
and bone remodeling allows the implant to be fixed into 
the vital bone during occlusion (12). Peri‐implant bone 
preservation can be considered the paramount aspect 
for long-term successful treatment outcomes. The bone 
quantity/quality surrounding an implant, affects the 
osseointegration process and shape/outline of the above 
soft tissue, both important for treatment function and 
aesthetic efficacy (9).

In this light, data on a management procedure 
aimed at preventing or minimizing bone resorption, and 
short/long term is still lacking.

Therefore, it was the purpose of the present prelimi-
nary series to investigate in a cohort of 9 patients whether 
crestal bone changed in a time-dependent manner from 
early loading of hybrid implants to 7 years follow-up. 

MATERIALS AND METHODS

Nine healthy patients were enrolled in the present 
prospective study and received 12 T3 implants (Biom-
et 3i, Palm Beach Gardens, FL, USA) using the 2-stage 
surgical approach (Table 1). A careful phase of general 
and specific intraoral anamnesis was performed for all 
patients, followed by first and second level radiograph-
ic examinations to analyze the quality and quantity of 
available bone.

Furthermore, diagnostic wax-ups were performed 
for each patient to guide the insertion of the implants 
from an occlusal biomechanical point of view. Surgical 
and prosthetic protocols followed manufacturer guide-
lines and were performed by a single investigator in a 
private clinic (T.T.). The implants had submerged healing 
for 3.1 ± 0.2 weeks.

The final restorations were placed 7.5 ± 0.6 weeks 
after implant placement (14). Six implants were restored 
with cemented porcelain fused to metal and six implants 
with cemented monolithic zirconia, on screw-retained 
abutments. A long-term follow-up period was estab-
lished: the implants were checked 12 months (1 year), 
30 months (2.7 years), 4, 5, 6, and 7 years after the final 
delivery of the restoration (13). 

Digital intraoral radiographs and computer process-
ing were done to measure levels of crestal bone remod-
eling as it was a high-quality method for scientific evalu-
ations with an accuracy of <0.1 mm (2). X-ray record-
ings Radiographs were performed with a digital sensor 
adopting complementary metal oxide semiconductor 
technology capable of recording 1.92-megapixel images 
with a pixel size of 18.5 µm (Kodak RVG 6100 Digital 
Radiography System: Carestream Health Inc., Roches-
ter, NY, USA). A multiphase follow-up method was used 
to identify the time course of bone changes induced by 
each clinical procedure up to 7 years of follow-up.

The implant was considered an individual unit to 
overcome possible problems resulting in a more positive 
outcome for patients with multiple implants.

Data were analysed after the normality assessment 
(Shapiro-Wilk test), using the Repeated Measures ANO-
VA (RMANOVA) followed by the Tukey post hoc test. 
Statistical significance was set at P < 0.05.

Table 1. General characteristics and surgical procedure parameters in patients admitted into the study.

Patient Age Sex IS OB BD ID (mm) FTDD 
(mm)

FDUT 
(Ncm) IP IBF

1 64 F 3.6 Native Normal 4 x 10 4.0 50 Sub. Tight

2 63 M
3.6
3.7

Native
Native

Normal
Normal

4 x 10
4 x 10

4.0
4.0

50
50

Crestal
Sub.

Firm
Firm

3 42 F 4.6 Native Dense 4 x 8.5 4.0 50 Crestal Tight

4 47 M
4.5
4.7

Native
Native

Dense
Dense

4 x 11.5
5 x 8.5

4.0
5.0

50
50

Crestal
Crestal

Tight
Tight

5 53 M 3.4 Native Normal 4 x 11.5 4.0 50 Crestal Firm
6 48 M 2.5 Native Normal 5 x 10 5.0 50 Sub. Firm
7 42 F 3.6 Native Normal 5 x 11.5 5.0 50 Sub. Tight

8 40 F
1.5
1.6

Augment
Augment

Dense
Dense

4 x 11.5
4 x 13

4.0
4.0

50
50

Sub.
Sub.

Firm
Tight

9 50 F 4.7 Native Normal 5 x 8.5 5.0 50 Sub. Firm

Abbreviations: IS, implant site; Sub.: Subcrestal.
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RESULTS

The implants were perfectly osseointegrated and 
were loaded early 6-8 weeks after placement (T0) (7). 
Since loading the implants, no failures have been record-
ed and all fixed prosthetic restorations were stable at the 
end of the 7-year observation period. At T0 the mean 
peri-implant bone level was -0.43. The mean bone level 
at each step was 0.64 mm (T1), 0.76 mm (T2), 0.58 mm 
(T3), 0.47 mm (T4), 0.53 mm (T5), 0.49 mm (T6). These 
data showed that most of the peri-implant bone loss 
occurred in the period following early loading of the 
implants (11). There were no statistically significant dif-
ferences in the comparison between T0 and the other 
follow-up periods in terms of crestal bone resorption 
around the implants (p>0,05). Therefore, implant with 
regular occlusal loading can maintain adequate crestal 
bone levels for correct long-term function.

DISCUSSION

Research in implant surgery, requires the main-
tenance of the crestal bone level over the years. The 
dependent factors are various, for example correct oral 
hygiene, a minimum required quantity of adherent gin-
giva and the occlusal load to which the implants are sub-
jected (4). The most common problem is the absence of 
reference data on the peri-implant bone level over the 
long term in literature (>3 years). In the present study we 
found that in adult patients undergone to surgical pro-
cedure with Hybrid implant T3 (Biomet 3i, Palm Beach 
Gardens, FL, USA), longitudinal X-ray of the crestal 
bone level showed no differences between the short- and 
long-term follow-up. Most bone resorption occurred up 
to about 3 years (T2) (1). This supports the hypothesis 
that the primary reason for crestal bone loss during the 
first year of function, and thereafter, is the establishment 
of biological width. This process can therefore be con-
sidered a fast-acting factor (10). An important element 
is represented by the study carried out by our research 
group, where the behavior of the crestal bone was ana-
lyzed in the period between the second implant uncover-
ing operation and their load. (T2) (11).

The main limitation of the present study is relat-
ed to the small sample size. Furthermore, method of 
measuring the crestal bone level performed on digi-
tal X-rays, being operator dependent, can bring to a 
variability of results. In conclusion, the surprising fac-
tor that we found with this study was the crestal bone 
gain registered during the follow-up period from 2.7 
to 7 years (T2-T6). We considered the applied load the 

main responsible for the bone gain stimulation, during a 
long period of correct functioning of the system crown-
implant-bone. Future research is needed to shed lighter 
on these factors, such as finding a way to standardize 
bone response as a function of load.

REFERENCES

1. Coli, Pierluigi, and Torsten Jemt. 2021. ‘On Marginal 
Bone Level Changes around Dental Implants’. Clini-
cal Implant Dentistry and Related Research 23 (2): 
159–69. https://doi.org/10.1111/cid.12970.

2. De Smet, E., R. Jacobs, F. Gijbels, and I. Naert. 2002. 
‘The Accuracy and Reliability of Radiographic Meth-
ods for the Assessment of Marginal Bone Level 
around Oral Implants’. Dento Maxillo Facial Radi-
ology 31 (3): 176–81. https://doi.org/10.1038/sj/
dmfr/4600694.

3. Krawiec, Maciej, Cyprian Olchowy, Paweł Kubasie-
wicz-Ross, Jakub Hadzik, and Marzena Dominiak. 
2022. ‘Role of Implant Loading Time in the Preven-
tion of Marginal Bone Loss after Implant-Supported 
Restorations: A Targeted Review’. Dental and Medical 
Problems 59 (3): 475–81. https://doi.org/10.17219/
dmp/150111.

4. Laurell, Lars, and Dan Lundgren. 2011. ‘Marginal 
Bone Level Changes at Dental Implants after 5 Years 
in Function: A Meta-Analysis’. Clinical Implant Den-
tistry and Related Research 13 (1): 19–28. https://doi.
org/10.1111/j.1708-8208.2009.00182.x.

5. Lin, Hsi-Kuei, Jerry Chin-Yi Lin, Yu-Hwa Pan, Eisner 
Salamanca, Yi-Ting Chang, Yung-Szu Hsu, Yi-Fan Wu, 
Chin-Kai Lin, Odontuya Dorj, and Wei-Jen Chang. 
2022. ‘Peri-Implant Marginal Bone Changes around 
Dental Implants with Platform-Switched and Platform-
Matched Abutments: A Retrospective 5-Year Radio-
graphic Evaluation’. Journal of Personalized Medicine 
12 (8): 1226. https://doi.org/10.3390/jpm12081226.

6. Pandey, Chandrashekhar, Dinesh Rokaya, and Bish-
wa Prakash Bhattarai. 2022. ‘Contemporary Con-
cepts in Osseointegration of Dental Implants: A 
Review’. Edited by João Paulo Mendes Tribst. BioMed 
Research International 2022 (June): 1–11. https://doi.
org/10.1155/2022/6170452.

7. Sanz-Sánchez, Ignacio, Ignacio Sanz-Martín, Elena 
Figuero, and Mariano Sanz. 2015. ‘Clinical Efficacy 
of Immediate Implant Loading Protocols Compared 
to Conventional Loading Depending on the Type 
of the Restoration: A Systematic Review’. Clinical 
Oral Implants Research 26 (8): 964–82. https://doi.
org/10.1111/clr.12428.



132 Luigi Falconio et al.

8. Suarez, Fernando, Hsun-Liang Chan, Alberto Monje, 
Pablo Galindo-Moreno, and Hom-Lay Wang. 2013. 
‘Effect of the Timing of Restoration on Implant 
Marginal Bone Loss: A Systematic Review’. Jour-
nal of Periodontology 84 (2): 159–69. https://doi.
org/10.1902/jop.2012.120099.

9. Suárez-López Del Amo, Fernando, Guo-Hao Lin, 
Alberto Monje, Pablo Galindo-Moreno, and Hom-
Lay Wang. 2016. ‘Influence of Soft Tissue Thickness 
on Peri-Implant Marginal Bone Loss: A System-
atic Review and Meta-Analysis’. Journal of Peri-
odontology 87 (6): 690–99. https://doi.org/10.1902/
jop.2016.150571.

10. Sun, Ping, Dan Yu, Xin Luo, Antian Xu, Yi Feng, 
and Fu-Ming He. 2022. ‘The Effect of Initial Bio-
logic Width on Marginal Bone Loss: A Retrospec-
tive Study’. The International Journal of Oral & 
Maxillofacial Implants 37 (1): 190–98. https://doi.
org/10.11607/jomi.9169.

11. Traini, Tonino, Marco Berardini, Francesca Congedi, 
Bruna Sinjari, Paolo Trisi, and Sergio Caputi. 2017. 
‘Impact of Second Stage Surgery on Bone Remod-
eling Around New Hybrid Titanium Implants: A 
Prospective Clinical Study in Humans’. Implant 
Dentistry 26 (1): 121–28. https://doi.org/10.1097/
ID.0000000000000525.

12. Traini, Tonino, Jörg Neugebauer, Ulf Thams, Joachim 
E. Zöller, Sergio Caputi, and Adriano Piattelli. 2009. 
‘Peri-Implant Bone Organization under Immedi-
ate Loading Conditions: Collagen Fiber Orienta-
tion and Mineral Density Analyses in the Mini-
pig Model’. Clinical Implant Dentistry and Related 
Research 11 (1): 41–51. https://doi.org/10.1111/j.1708-
8208.2008.00086.x.

13. Windael, Simon, Stijn Vervaeke, Lieve Wijnen, Wolf-
gang Jacquet, Hugo De Bruyn, and Bruno Collaert. 
2018. ‘Ten-Year Follow-up of Dental Implants Used 
for Immediate Loading in the Edentulous Mandible: 
A Prospective Clinical Study’. Clinical Implant Den-
tistry and Related Research 20 (4): 515–21. https://
doi.org/10.1111/cid.12612.

14. Zuffetti, Francesco, Marco Esposito, Fabio Galli, Mat-
teo Capelli, Giovanni Grandi, and Tiziano Testori. 
2016. ‘A 10-Year Report from a Multicentre Ran-
domised Controlled Trial: Immediate Non-Occlusal 
versus Early Loading of Dental Implants in Par-
tially Edentulous Patients’. European Journal of Oral 
Implantology 9 (3): 219–30.


	On the connectivity in the central nervous system and the age-induced changes of its network organization
	Diego Guidolin1,*, Cinzia Tortorella1, Raffaele De Caro1, Luigi F. Agnati2
	Wandering gallbladder wrapping hepatoduodenal ligament and mimicking gastrointestinal stromal tumor at imaging. Case report and literature review
	Silvia Malerba, Giuliana Rachele Puglisi, Piercarmine Panzera, Alessandro Pasculli, Francesco Paolo Prete, Angela Gurrado, Mario Testini*
	Megaureter and hydronephrosis: Consequences of ureteric dysfunction
	Cheryl Melovitz-Vasan1, Amanda McBride1, Susan Huff2, Nagaswami Vasan1,*
	Developmental and surgical anatomy of pathologies of the craniovertebral junction: a much-needed problematization of efficacy and long-term outcomes
	Katarzyna Siwek1, Wiktoria Wieczorek6, Marcelina Łopińska2, Katarzyna Polak-Boroń2, Arthur Saniotis3,4, Francesco M. Galassi3,5,*, Małgorzata Suchanecka1
	Special Issue PhD course in Innovative Technologies in Clinical Medicine & Dentistry (University G. d’Annunzio, Chieti-Pescara)
	Prevalence and localization of Canalis Sinuosus: a mini review
	Francesca Angiolani*, Maurizio Piattelli, Fabiola Rinaldi, Oriana Trubiani, Giuseppe Varvara
	Volumetric evaluation of maxillary sinuses using CBCTS: radiographic study
	Fabiola Rinaldi1,*, Maurizio Piattellli1, Francesca Angiolani1, Sara Bernardi2, Elena Rastelli2, Giuseppe Varvara1
	First year of life: the Golden Age of gut microbiota
	Mariangela Mazzone*, Maria C. Di Marcantonio, Gabriella Mincione, Raffaella Muraro
	A mini-review: valuable allies for human health: probiotic strains of Limosilactobacillus reuteri
	Beatrice Marinacci1,2,*, Benedetta Pellegrini1, Stefan Roos3,4
	A mini-review on different polymerization protocols for resin-based dental composites
	Edoardo Sorrentino1,*, Ylenia Della Rocca1, Guya Diletta Marconi1, Giovanna Iezzi2, Oriana Trubiani1, Camillo D’Arcangelo2, Francesco De Angelis2, Francesca Diomede1
	Role of toll-like receptor signaling pathway in a rat model of spinal cord injury: a transcriptomic analysis
	Simone D’Angiolini1,2,*, Oriana Trubiani1, Emanuela Mazzon2
	Effects of temperature on presepsin assessment in biological fluids
	Valentina Botondi1, Ebe D’Adamo1, Oriana Trubiani2, Diego Gazzolo1
	Antibacterial activity of titanium nitride coating: a mini review
	Stefano Oliva1,*, Oriana Trubiani1, Maurizio Piattelli1, Mario Capogreco2, Giovanna Murmura1
	Modulation of inflammatory pathway in human gingival fibroblasts exposed to resinous materials
	Antonella Mazzone1,*, Ylenia Della Rocca1, Jacopo Pizzicannella2, Francesca Diomede1, Guya Diletta Marconi1, Oriana Trubiani1
	Twin pregnancies and maternal cardiovascular function: literature review and future prospects
	Melissa Foglietta1,*, Francesco D’Antonio2, Sante Donato Pierdomenico1, Elena Bacigalupi3, Jacopo Pizzicannella4
	Reprogramming methods for induced pluripotent stem cells generation
	Ylenia Della Rocca1,*, Antonella Mazzone1, Jacopo Pizzicannella2, Guya Dilletta Marconi1, Oriana Trubiani1, Francesca Diomede1
	Motor behavioural tests for phenotype evaluation of mouse models of ataxia: the case of Marinesco-Sjögren Syndrome
	Anna Giulia Ruggieri, Michele Sallese*
	Artificial intelligence and finite element analysis: applications in implant dentistry
	Francesco Valente1,2,*,A, Luigi Falconio1,2,A, Cristina Falcinelli3, Sandipan Roy4, Oriana Trubiani1,2, Tonino Traini1,2
	STING agonists in cancer immunotherapy: a brief review
	Martina Ceci1,3,*, Marco Trerotola1,2, Manuela Iezzi1,3
	Clinical efficacy of cord blood platelet gel in chronic limb-threatening ischaemia patients: a case series
	Giovanni Mastrangelo1,2,*, Michele Santodirocco3, Luigi Semerano1, Giancarlo Palena1, Vincenzo Sciannelli1, Gabriele Magistro1, Roberto Marinucci1, Pierluigi Di Sebastiano2, Vincenzo Palazzo1 
	Anti-Inflammatory effect of the Saffron Stigma and Saffron Petal Extract on LPS stimulated human Caco-2 cell by transductional signal modulation of FBW7/IKBα
	Federica De Cecco1,2,*, Sara Franceschelli2,3, Valeria Panella2, Maria Maggi4,5, Silvia Bisti6, Lorenza Speranza2,3
	Use of cadaveric stem cells: analysis of literature
	Martina Bonelli1,*, Antonio M. Catena2, Tiziana Pietrangelo3, Marcello Locatelli4, Oriana Trubiani5, Cristian D’Ovidio1
	Ambulatory blood pressure and risk of heart failure: a mini-review 
	Francesca Coccina1,2,*, Rosa Scurti2, Oriana Trubiani1, Sante D. Pierdomenico1
	The implant loading influence on crestal bone remodelling around hybrid titanium implants: a prospective clinical study
	Luigi Falconio1,2,*,A, Francesco Valente1,2,A, Luan Mavriqi3, Oriana Trubiani1,2, Tonino Traini1,2

