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GLOSSARY: 

  

- Osseointegration: A process whereby a clinically asymptomatic and rigid 

fixation of alloplastic materials, typically titanium, is achieved and maintained 

in bone, during functional loading 

 

- Dental implant: A titanium artificial ‘root’, installed directly into the jaw bone 

to replace one or more natural teeth, supporting fixed or removable 

restoration.  

 

- Abutment: A transmucosal piece that is connected on the implant (mostly 

screw-retained) and that supports and retains the prosthetic rehabilitation. 

 

- Implant-abutment connection: Interface between the implant and the 

abutment of 2-piece implants 

 

- Biologic width: The soft tissue component around teeth or implants including 

a barrier epithelium and a connective tissue portion.  

 

- 1-stage surgery: Implant procedure during which a transmucosal healing 

abutments is placed on the implant to secure the connection between the 

implant and the oral cavity, in order to allow non-submerged healing.  

 

- 2-stage surgery: Implant procedure during which a cover screw is placed, and 

the soft tissues are closed covering the implant to allow undisturbed, 

submerged healing. A second surgical intervention is obligatory to assure the 

transmucosal connection between the oral cavity and the implant.  

 

- Immediate loading: Internationally accepted definition for functional 

prosthetic loading of a dental implant within 72 hours after implant 

placement.  
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- Delayed loading: Functional, prosthetic loading of a dental implant at least 3 

months after implant placement.  

 

- Reference point: The lower border of the smooth implant collar which 

corresponds with the uppermost point of the microthreaded part of the 

implant. 

 

- Bone level: The distance measured from a reference point to the most 

marginal bone-to-implant contact point.  

 

- Bone loss: Calculated as the amount of peri-implant bone that was lost 

between two time points.  

 

- Implant survival: Defined as an implant that is still physically present in the 

mouth after implant installation at the time of examination.  

 

- Surface roughness: Based on surface roughness, implants are categorized as: 

smooth (Sa < 0.5 μm), minimally rough (Sa 0.5 – 1.0 μm), moderately rough 

(Sa: 1.1 – 2.0 μm), rough (Sa > 2.0 μm).  

 

- Sa-value: Area roughness parameter defined by the arithmetic average of the 

3-dimensional roughness 

 

- Sdr %: Area roughness parameter which is expressed as the percentage of 

the definition area's additional surface area contributed by the texture as 

compared to the planar definition area 
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LIST OF ABBREVIATIONS:  

 

- RCT:   Randomized Controlled Clinical Trial 

- CBL:   Crestal Bone Loss 

- I MT:   Internal connection, Microthreaded implant 

- E MT:   External connection, Microthreaded implant 

- I NMT:  Internal connection, Non-Microthreaded implant 

- E NMT:  External connection, Non-Microthreaded implant 

- DCC:   Deep Conical Cylindrical implant (Southern Implants, Irene, 

South -Africa) 

- Cone Beam CT: Cone Beam Computer Tomography  

- CAD-CAM: Computer Aided Design – Computer Aided Manufacturing 

- Ncm:  Newton centimetre 

- IAJ:   Implant Abutment Junction 

- OPG:  Orthopantomogram 

- Sa-Value: Surface area – Value 

- ISQ:   Implant Stability Quotient 

- CNC:  Computer Numerical Controlled 

- BOP:  Bleeding on probing 

- SD:  Standard Deviation 

- DDS:  Doctor of Dental Surgery 

- MSc:  Master of Science  

- PhD:  Doctor of Philosophy 

- Prof.:  Professor 

- MSC:  Machined Surface Collar 

- DAE:   Dual Acid-Etched 

- CaP:  Calcium Phosphate 

- PEEK:  Poly etheretherketone 
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GENERAL INTRODUCTION  

The discovery of osseointegration by Per Ingvar Brånemark initiated modern 

implantology as we know it today. In 1965 the first patient received screw-shaped 

dental implants to support a full fixed mandibular prosthesis which lasted until his 

death more than 40 years later. In the early years of dental implants, research was 

often performed in an empiric way. Since the eighties, more and more clinical studies 

were performed, focussing mainly on implant survival1-3 which was formerly the main 

factor determining implant outcome. Throughout the following decades, 

osseointegration became clinically and scientifically acceptable with current survival 

rates between 90-100%.4-7 Changes in implant design, surface roughness and surgical 

protocols were introduced to make faster rehabilitation and more predictable implant 

outcome possible.8 Albrektsson and collaborators were the first to define implant 

treatment outcome in term of crestal bone stability.5 The proposed criteria accepted 

1.5 mm of crestal bone loss the first year and 0.2 mm annually thereafter. However, 

this amount of bone loss is, with modern implant designs and biological insights, no 

longer tolerated. Besides functionality, optimal aesthetics and long-term stability are 

presently the main goals for implant treatment. Stable crestal bone levels on the short 

and the long term are mandatory to achieve these objectives as progressive crestal 

bone loss could lead to soft tissue recession and implant surface exposure. 

 

Implant macro-design  

Different modifications in implant design have been introduced to minimize crestal 

bone loss. Adding a microthreaded design at the implant collar may give a better 

distribution of masticatory forces in the surrounding crestal bone.9, 10 Different in 

vitro studies compared stress distribution around microthreaded and non-

microthreaded implants using a 3-dimensional finite element analysis.10-13 A model 

was fabricated imitating the intra-oral bone structure containing a dental implant and 

mimicking chewing forces in axial, oblique and horizontal direction. In general, a 

favourable stress distribution was reported at implants with a microthreaded design 

and stress decreased particularly in the surrounding cortical bone13 and under non-

axial loading.12 Reducing the stress in the cortical bone surrounding the implant neck, 
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may result in improved crestal bone maintenance. However, one must be careful to 

project the outcome from in-vitro studies to the in-vivo situation. Multiple clinical 

trials, comparing implants with and without microthreads, did show a limited crestal 

bone loss around implants with a microthreaded design.  However, the number of 

RCT`s is limited and different confounding factors (implant surface, implant 

connection, patient dependent factors) are rarely accounted for.14-23   

 

Another implant design feature, affecting dental implant outcome is the implant-

abutment connection. Historically, the original Brånemark implant has an external 

flat-to-flat abutment to implant connection with an external hexagon to prevent 

rotation of the abutment. Nowadays, internal connections with various designs are 

available. One of those is the Morse taper connection and it is claimed to minimize 

crestal bone loss which is confirmed in different comparative clinical studies.24-26 Two 

advantages of a Morse taper, internal implant abutment connection could explain this 

favourable result. Bacterial leakage from the microgap, present at the implant-

abutment connection, creates an inflammatory response extending 0.5 mm above 

and below the implant-abutment junction and is associated with initial crestal bone 

loss.27, 28 This microgap is reduced when placing the connection internally and adding 

a Morse taper which could minimize crestal bone loss.29-31 A second advantage of an 

internal implant abutment connection is the enhanced stress dissipation. Several 

finite element analyses compared the stress distribution around internal and external 

implant-abutment connections. At an external connection, the stress is mainly 

concentrated coronally compared to an internal connection implant where the stress 

is more dispersed along the implant body.32, 33 Consequently, lower stress levels at 

the implant neck could help to preserve crestal bone. Several controlled clinical trials 

were conducted to support this finding. Yet, often implants of a different brand 

(different macro-design, connection, surface roughness) in various clinical indications 

were compared, which makes a scientifically correct assessment doubtful.24-26  

 

When a smaller diameter abutment is placed on a larger diameter implant collar, the 

perimeter of the implant-abutment junction is shifted towards the central axis of the 
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implant. This ̀ platform-shifting` moves the inflammatory cell infiltrate away from the 

crestal bone which minimizes crestal bone loss.34-36 The latter was introduced in 2006 

by Lazzara and Porter and since then various clinical studies described the effect of 

platform shifting on crestal bone loss.37 Chrcanovic and colleagues (2015) conducted 

a systematic review and meta-analysis based on 1216 platformed-shifted implants 

and 1157 implants without platform-shifting. Statistically significantly less crestal 

bone loss occurred when a platform-shift was present, confirming the beneficial 

effect of platform-shifting.38  

 

Implant micro-design  

Apart from changes in implant design, modification of the implant surface affects 

implant outcome. Around the millennium, it was discovered that roughening the 

implant surface enhances osseointegration. Due to a better blood cloth stabilisation, 

activation of platelets, adsorption of non-collagen proteins, differentiation and 

maturation of osteogenic and endothelial precursor cells combined with a better cell 

adhesion, migration and proliferation, a faster and more bone-to-implant contact is 

obtained at surface enhanced implants.39 The latter results in superior survival rates 

of moderately rough surface implants compared to the original machined, minimally 

rough surface implants.40 Blasting, etching and oxidation of the implant surface are 

different methods to enhance the implant surface on a micro-level scale. Implant 

surface roughness is classified as smooth (Sa: < 0.5 µm), minimally rough (Sa: 0.5 – 1 

µm), moderately rough (Sa: 1 – 2 µm) and rough (Sa: > 2 µm). More recently, nano-

surface topography was introduced to optimize bone-cell reactions, aiming for a 

faster bone healing.41, 42 Nano-meter-scale discrete crystalline deposition of calcium 

phosphate leads to a faster and greater bone to implant contact and a greater early 

resistance to mechanical forces after implant placement which was confirmed in 

human histological studies.41, 42 The enhanced and faster osseointegration gives 

possibilities to expedite the patient`s treatment and to increase patient satisfaction.7 

Immediate loading (installation of the restauration within 48 hours after implant 

placement) and immediate implant placement (placement of the implant immediately 

after extraction) can be both viable treatment alternatives. Yet, some prerequisites 
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must be fulfilled to qualify for immediate loading or immediate placement. Primary 

stability, measured from the insertion torque at implant placement, is the main 

requirement. However, both immediate loading and immediate placement increases 

the treatment complexity and higher implant failure rates are reported indicating that 

a strict patient selection and an experienced practitioner are paramount.7, 43 

Nonetheless, once integrated, initial crestal bone loss of immediate loaded and 

immediate placed implants are comparable to delayed loaded implants placed in 

healed ridges indicating that bone remodelling is not affected by the timing of 

restoration or implant placement.7 However, the effect of surface roughness on 

crestal bone loss is more contentious. There is some literature suggesting that, 

compared to moderately rough implants, minimally rough surface implants have less 

crestal bone loss and a lower prevalence of peri-implantitis on the long term.40 

However, one might fear that, equivalent to a smooth surface,44 a minimally rough 

surface might induce a higher crestal bone loss compared to moderately rough 

surface implants. Currently there are few controlled clinical studies comparing 

minimally and moderately rough surface implants.16, 45-49 Additionally, the results of 

those studies are inconsistent and other factors which could influence the initial 

crestal bone loss, such as implant design, vertical position at implant placement, 

platform shift and patient factors are rarely accounted for. 

 

Site specific factors 

Initial crestal bone remodelling occurs immediately after abutment connection, when 

a trans-mucosal connection is made. It is well known that a 3-4 mm soft tissue seal is 

necessary to protect the surrounding crestal bone.50-52 This phenomenon is referred 

to as ̀ biological width establishment` and is considered a physiological process which 

depends on soft tissue thickness. When an implant is placed equicrestal at an implant 

site with thin soft tissues, crestal bone loss will occur to set this seal. Hence, a deeper 

vertical implant position might be recommended to minimize crestal bone loss due to 

biological width establishment.51 Recently, 2 systematic reviews were published, 

both discussing soft tissue thickness and crestal bone loss. Suarez-Lopez del Amo and 

colleagues (2016)53 presented favourable crestal bone levels in cases of thick soft 
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tissues whereby Ackali and colleagues54 could not show any significant influence of 

gingival biotype on crestal bone loss. These conflicting results emphasizes the need 

for more controlled clinical studies to clarify this issue. On the other hand, not only 

the vertical implant position seems to be important in crestal bone maintenance. In 

mesio-distal direction, a secure distance between the adjacent tooth/implant should 

be respected and a minimum of 1.5 mm between the placed implant and the 

neighbouring teeth and a distance of minimal 3 mm between 2 adjacent implants is 

mandatory.55, 56 Additionally, a progressive marginal bone loss is sometimes seen 

when a certain buccal bone thickness cannot be assured,57 therefore, minimally 2 mm 

of buccal bone thickness has been suggested. In cases of limited bone volume, these 

requirements cannot always be fulfilled. 

 

  



 
General Introduction 

13 
 

REFERENCES 

 

1. Zarb GA, Schmitt A. Implant prosthodontics at the University of Toronto. Univ Tor Dent RJ 

1988; 1: 25-29. 

2. Zarb GA, Schmitt A, Baker G. Tissue-integrated prostheses: osseointegration research in 

Toronto. Int J Periodontics Restorative Dent 1987; 7: 8-35. 

3. Adell R. Tissue integrated prostheses in clinical dentistry. Int Dent J 1985; 35: 259-265. 

4. ten Bruggenkate CM, van der Kwast WA, Oosterbeek HS. Success criteria in oral 

implantology. A review of the literature. Int J Oral Implantol 1990; 7: 45-51. 

5. 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: 11-25. 

6. Misch CE, Perel ML, Wang HL, Sammartino G, Galindo-Moreno P, Trisi P, Steigmann M, 

Rebaudi A, Palti A, Pikos MA, Schwartz-Arad D, Choukroun J, Gutierrez-Perez JL, Marenzi G, 

Valavanis DK. Implant success, survival, and failure: the International Congress of Oral 

Implantologists (ICOI) Pisa Consensus Conference. Implant Dent 2008; 17: 5-15. 

7. De Bruyn H, Raes S, Ostman PO, Cosyn J. Immediate loading in partially and completely 

edentulous jaws: a review of the literature with clinical guidelines. Periodontol 2000 2014; 66: 153-

187. 

8. 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: 7-21. 

9. Hansson S. The implant neck: smooth or provided with retention elements. A 

biomechanical approach. Clin Oral Implants Res 1999; 10: 394-405. 

10. Hansson S, Werke M. The implant thread as a retention element in cortical bone: the effect 

of thread size and thread profile: a finite element study. J Biomech 2003; 36: 1247-1258. 

11. Herekar MG, Patil VN, Mulani SS, Sethi M, Padhye O. The influence of thread geometry 

on biomechanical load transfer to bone: A finite element analysis comparing two implant thread 

designs. Dent Res J (Isfahan) 2014; 11: 489-494. 

12. Hudieb MI, Wakabayashi N, Kasugai S. Magnitude and direction of mechanical stress at 

the osseointegrated interface of the microthread implant. J Periodontol 2011; 82: 1061-1070. 

13. Meric G, Erkmen E, Kurt A, Eser A, Ozden AU. Biomechanical comparison of two different 

collar structured implants supporting 3-unit fixed partial denture: a 3-D FEM study. Acta Odontol 

Scand 2012; 70: 61-71. 

14. Lee DW, Choi YS, Park KH, Kim CS, Moon IS. Effect of microthread on the maintenance of 

marginal bone level: a 3-year prospective study. Clin Oral Implants Res 2007; 18: 465-470. 

15. Lee SY, Koak JY, Kim SK, Rhyu IC, Ku Y, Heo SJ, Han CH. A Long-Term Prospective 

Evaluation of Marginal Bone Level Change Around Different Implant Systems. Int J Oral Maxillofac 

Implants 2016; 31: 657-664. 

16. Lee SY, Piao CM, Koak JY, Kim SK, Kim YS, Ku Y, Rhyu IC, Han CH, Heo SJ. A 3-year 

prospective radiographic evaluation of marginal bone level around different implant systems. J Oral 

Rehabil 2010; 37: 538-544. 

17. Bratu EA, Tandlich M, Shapira L. A rough surface implant neck with microthreads reduces 

the amount of marginal bone loss: a prospective clinical study. Clin Oral Implants Res 2009; 20: 827-

832. 

18. Shin YK, Han CH, Heo SJ, Kim S, Chun HJ. Radiographic evaluation of marginal bone level 

around implants with different neck designs after 1 year. Int J Oral Maxillofac Implants 2006; 21: 789-

794. 



 
General Introduction 

14 
 

19. Nickenig HJ, Wichmann M, Schlegel KA, Nkenke E, Eitner S. Radiographic evaluation of 

marginal bone levels adjacent to parallel-screw cylinder machined-neck implants and rough-surfaced 

microthreaded implants using digitized panoramic radiographs. Clin Oral Implants Res 2009; 20: 550-

554. 

20. Piao CM, Lee JE, Koak JY, Kim SK, Rhyu IC, Han CH, Herr Y, Heo SJ. Marginal bone loss 

around three different implant systems: radiographic evaluation after 1 year. J Oral Rehabil 2009; 

36: 748-754. 

21. Penarrocha-Diago MA, Flichy-Fernandez AJ, Alonso-Gonzalez R, Penarrocha-Oltra D, 

Balaguer-Martinez J, Penarrocha-Diago M. Influence of implant neck design and implant-abutment 

connection type on peri-implant health. Radiological study. Clin Oral Implants Res 2013; 24: 1192-

1200. 

22. den Hartog L, Meijer HJ, Stegenga B, Tymstra N, Vissink A, Raghoebar GM. Single implants 

with different neck designs in the aesthetic zone: a randomized clinical trial. Clin Oral Implants Res 

2011; 22: 1289-1297. 

23. den Hartog L, Raghoebar GM, Slater JJH, Stellingsma K, Vissink A, Meijer HJA. Single-

Tooth Implants with Different Neck Designs: A Randomized Clinical Trial Evaluating the Aesthetic 

Outcome. Clinical Implant Dentistry and Related Research 2013; 15: 311-321. 

24. Koo KT, Lee EJ, Kim JY, Seol YJ, Han JS, Kim TI, Lee YM, Ku Y, Wikesjo UM, Rhyu IC. The 

effect of internal versus external abutment connection modes on crestal bone changes around 

dental implants: a radiographic analysis. J Periodontol 2012; 83: 1104-1109. 

25. Pozzi A, Agliardi E, Tallarico M, Barlattani A. Clinical and radiological outcomes of two 

implants with different prosthetic interfaces and neck configurations: randomized, controlled, split-

mouth clinical trial. Clin Implant Dent Relat Res 2014; 16: 96-106. 

26. Pessoa RS, Sousa RM, Pereira LM, Neves FD, Bezerra FJ, Jaecques SV, Sloten JV, Quirynen 

M, Teughels W, Spin-Neto R. Bone Remodeling Around Implants with External Hexagon and Morse-

Taper Connections: A Randomized, Controlled, Split-Mouth, Clinical Trial. Clin Implant Dent Relat Res 

2017; 19: 97-110. 

27. Albrektsson T, Buser D, Sennerby L. Crestal Bone Loss and Oral Implants. Clinical Implant 

Dentistry and Related Research 2012; 14: 783-791. 

28. Oh TJ, Yoon Y, Misch CE, Wang HL. The causes of early implant bone loss: Myth or 

science? Journal of Periodontology 2002; 73: 322-333. 

29. Tripodi D, D'Ercole S, Iaculli F, Piattelli A, Perrotti V, Iezzi G. Degree of bacterial 

microleakage at the implant-abutment junction in Cone Morse tapered implants under loaded and 

unloaded conditions. Journal of Applied Biomaterials & Functional Materials 2015; 13: E367-E371. 

30. Jaworski ME, Melo ACM, Picheth CMT, Sartori DAD. Analysis of the Bacterial Seal at the 

Implant-Abutment Interface in External-Hexagon and Morse Taper-Connection Implants: An In 

Vitro Study Using a New Methodology. International Journal of Oral & Maxillofacial Implants 2012; 

27: 1091-1095. 

31. do Nascimento C, Miani PK, Pedrazzi V, Goncalves RB, Ribeiro RF, Faria AC, Macedo AP, 

de Albuquerque RF, Jr. Leakage of saliva through the implant-abutment interface: in vitro evaluation 

of three different implant connections under unloaded and loaded conditions. Int J Oral Maxillofac 

Implants 2012; 27: 551-560. 

32. Asvanund P, Morgano SM. Photoelastic stress analysis of external versus internal implant-

abutment connections. J Prosthet Dent 2011; 106: 266-271. 

33. Yamanishi Y, Yamaguchi S, Imazato S, Nakano T, Yatani H. Effects of the implant design on 

peri-implant bone stress and abutment micromovement: three-dimensional finite element analysis 

of original computer-aided design models. J Periodontol 2014; 85: e333-338. 



 
General Introduction 

15 
 

34. Canullo L, Pellegrini G, Allievi C, Trombelli L, Annibali S, Dellavia C. Soft tissues around 

long-term platform switching implant restorations: a histological human evaluation. Preliminary 

results. J Clin Periodontol 2011; 38: 86-94. 

35. Dellavia C, Canullo L, Allievi C, Lang NP, Pellegrini G. Soft tissue surrounding switched 

platform implants: an immunohistochemical evaluation. Clin Oral Implants Res 2013; 24: 63-70. 

36. Vigolo P, Givani A. Platform-switched restorations on wide-diameter implants: a 5-year 

clinical prospective study. Int J Oral Maxillofac Implants 2009; 24: 103-109. 

37. Lazzara RJ, Porter SS. Platform switching: a new concept in implant dentistry for 

controlling postrestorative crestal bone levels. Int J Periodontics Restorative Dent 2006; 26: 9-17. 

38. Chrcanovic BR, Albrektsson T, Wennerberg A. Platform switch and dental implants: A 

meta-analysis. J Dent 2015; 43: 629-646. 

39. Feller L, Jadwat Y, Khammissa RA, Meyerov R, Schechter I, Lemmer J. Cellular responses 

evoked by different surface characteristics of intraosseous titanium implants. BioMed research 

international 2015; 2015: 171945. 

40. Wennerberg A, Albrektsson T, Chrcanovic B. Long-term clinical outcome of implants with 

different surface modifications. European journal of oral implantology 2018; 11 Suppl 1: S123-S136. 

41. Orsini G, Piattelli M, Scarano A, Petrone G, Kenealy J, Piattelli A, Caputi S. Randomized, 

controlled histologic and histomorphometric evaluation of implants with nanometer-scale calcium 

phosphate added to the dual acid-etched surface in the human posterior maxilla. J Periodontol 2007; 

78: 209-218. 

42. Goene RJ, Testori T, Trisi P. Influence of a nanometer-scale surface enhancement on de 

novo bone formation on titanium implants: a histomorphometric study in human maxillae. Int J 

Periodontics Restorative Dent 2007; 27: 211-219. 

43. Mello CC, Lemos CAA, Verri FR, Dos Santos DM, Goiato MC, Pellizzer EP. Immediate 

implant placement into fresh extraction sockets versus delayed implants into healed sockets: A 

systematic review and meta-analysis. Int J Oral Maxillofac Surg 2017; 46: 1162-1177. 

44. Hammerle CH, Bragger U, Burgin W, Lang NP. The effect of subcrestal placement of the 

polished surface of ITI implants on marginal soft and hard tissues. Clin Oral Implants Res 1996; 7: 

111-119. 

45. Raes M, D'Hondt R, Teughels W, Coucke W, Quirynen M. A 5-year randomized clinical trial 

comparing minimally with moderately rough implants in patients with severe periodontitis. J Clin 

Periodontol 2018. 

46. Menini M, Dellepiane E, Chvartszaid D, Baldi D, Schiavetti I, Pera P. Influence of Different 

Surface Characteristics on Peri-implant Tissue Behavior: A Six-Year Prospective Report. Int J 

Prosthodont 2015; 28: 389-395. 

47. Zetterqvist L, Feldman S, Rotter B, Vincenzi G, Wennstrom JL, Chierico A, Stach RM, 

Kenealy JN. A prospective, multicenter, randomized-controlled 5-year study of hybrid and fully 

etched implants for the incidence of peri-implantitis. J Periodontol 2010; 81: 493-501. 

48. Spinato S, Bernardello F, Sassatelli P, Zaffe D. Hybrid and fully-etched surface implants in 

periodontally healthy patients: A comparative retrospective study on marginal bone loss. Clin Implant 

Dent Relat Res 2017; 19: 663-670. 

49. Stein AE, McGlmphy EA, Johnston WM, Larsen PE. Effects of implant design and surface 

roughness on crestal bone and soft tissue levels in the esthetic zone. Int J Oral Maxillofac Implants 

2009; 24: 910-919. 

50. Vervaeke S, Dierens M, Besseler J, De Bruyn H. The influence of initial soft tissue thickness 

on peri-implant bone remodeling. Clin Implant Dent Relat Res 2014; 16: 238-247. 



 
General Introduction 

16 
 

51. Vervaeke S, Matthys C, Nassar R, Christiaens V, Cosyn J, De Bruyn H. Adapting the vertical 

position of implants with a conical connection in relation to soft tissue thickness prevents early 

implant surface exposure: A 2-year prospective intra-subject comparison. J Clin Periodontol 2018; 

45: 605-612. 

52. Linkevicius T, Puisys A, Steigmann M, Vindasiute E, Linkeviciene L. Influence of Vertical 

Soft Tissue Thickness on Crestal Bone Changes Around Implants with Platform Switching: A 

Comparative Clinical Study. Clin Implant Dent Relat Res 2015; 17: 1228-1236. 

53. Suarez-Lopez Del Amo F, Lin GH, Monje A, Galindo-Moreno P, Wang HL. Influence of Soft 

Tissue Thickness on Peri-Implant Marginal Bone Loss: A Systematic Review and Meta-Analysis. J 

Periodontol 2016; 87: 690-699. 

54. Akcali A, Trullenque-Eriksson A, Sun C, Petrie A, Nibali L, Donos N. What is the effect of 

soft tissue thickness on crestal bone loss around dental implants? A systematic review. Clin Oral 

Implants Res 2017; 28: 1046-1053. 

55. Grunder U, Gracis S, Capelli M. Influence of the 3-D bone-to-implant relationship on 

esthetics. Int J Periodontics Restorative Dent 2005; 25: 113-119. 

56. Tarnow DP, Cho SC, Wallace SS. The effect of inter-implant distance on the height of inter-

implant bone crest. J Periodontol 2000; 71: 546-549. 

57. Spray JR, Black CG, Morris HF, Ochi S. The influence of bone thickness on facial marginal 

bone response: stage 1 placement through stage 2 uncovering. Ann Periodontol 2000; 5: 119-128. 

 



 

17 
 

 

 

 

 

 

 

 

CHAPTER 2 

AIMS



 
Aims 

18 
 

Besides all the implant-and site-related aspects, also patient-related factors may 

influence implant outcome. It is well known that smoking habits, periodontal health 

and compliance with oral hygiene measures affects implant survival and success.1-4 

Although a proper case selection seems to be paramount, implant treatment outcome 

is still determined by the relative importance of and the interaction between multiple 

factors. The research questions explored in this PhD project, focussed on the 

influence of implant design and site-specific factors on the latter. 

 

AIMS 

1/ The effect of implant macro-design on initial implant outcome 

2/ The effect of implant micro-design on initial implant outcome 

3/ Long term evaluation of implant macro -and micro-design 

4/ The effect of site specific factors on initial implant outcome 

 

These aims were appraised in 5 clinical studies and respective publications: 

 

STUDY  

STUDY I: Ghent University, Belgium – 21 patients – 80 Implants – 21 months – 
survival and crestal bone loss 

 
STUDY II: Private Practice Falun, Sweden – 48 patients – 115 Implants – 20 
months – survival and crestal bone loss 

STUDY III: Ghent University, Belgium – 21 patients – 42 Implants – 16 months – 
survival and crestal bone loss 

STUDY IV: Private Practice Falun, Sweden – 48 patients – 112 Implants – 6 years 
– survival and crestal bone loss 

STUDY V: Private Practice Falun, Sweden – 67 patients – 112 Implants – 23 
months – survival and crestal bone loss 
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STUDY 

 

I. Glibert M, Vervaeke S, Jacquet W, Vermeersch K, Östman PO, De Bruyn H.; 

A randomized controlled clinical trial to assess crestal bone remodelling of 

four different implant designs; Published in Clinical Implant Dentistry and 

Related Research. 2018 Mar 25 Epub ahead of print 

II. Glibert M, Vervaeke S, De Bruyn H, Ostman PO.; Clinical and Radiographic 

Comparison between Platform-Shifted and Nonplatform-Shifted Implant: A 

One-Year Prospective Study; Published in Clinical Implant Dentistry and 

Related Research 2016;18(1):129-37. 

III. Glibert M, Matthys C, Maat R-J, De Bruyn H, Vervaeke S; A randomized 

controlled clinical trial assessing initial crestal bone remodelling of implants 

with a different surface roughness; Published in Clinical Implant Dentistry 

and Related Research. 2018 Jul 26 Epub ahead of print 

IV. Glibert M, De Bruyn H, Ostman PO.; Six-Year Radiographic, Clinical, and Soft 

Tissue Outcomes of Immediately Loaded, Straight-Walled, Platform-

Switched, Titanium-Alloy Implants with Nanosurface Topography; Published 

in International Journal of Oral Maxillofacial Implants. 2016;31(1):167-71. 

V. Glibert M, Ostman S, De Bruyn H, Ostman PO.; The influence of initial hard 

and soft tissue dimensions on initial crestal bone loss of immediate loaded 

dental implants; Accepted in International Journal of Periodontics & 

Restorative Dentistry 
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Abstract 

Background: It is claimed that bone remodeling is limited when the implant neck has 

microthreads and an internal abutment connection. However, comparative studies, 

excluding confounding factors, are scarce. 

Aim: This RCT aims to assess whether a coronal microthreaded design and an internal 

abutment connection affects crestal bone loss, up to one year of function. 

Materials and Methods: Twenty-one maxillary edentulous patients were consecutively 

treated for a bar supported maxillary overdenture on four different implants with 

respectively: internal connection and microthreads on the implant neck (I MT); internal 

connection, no microthreads (I NMT), external connection, with microthreads (E MT), and 

external connection, without microthreads (E NMT). Other design features, s.a. width, 

surface topography, platform switch as well as surgical placement and prosthetic 

protocol were consistent. Implant survival and crestal bone loss in relation to the implant 

type were considered the main variables and a Friedman test for ordered alternatives was 

used to assess the difference in crestal bone loss between the different study implants. 

Results: Twenty-one patients received 83 study implants. Three implants failed within 

three months and required replacement. The total survival rate was 96.39% after one 

year and based on 21 patients and 80 implants a mean crestal bone loss of 0.25 mm 

(SD: 0.38; range: 0-1.48) was measured. After a follow-up of 3, 6, 12, and 21 months 

no statistically significant differences in crestal bone loss between the different study 

implants or the different time intervals could be identified. 

Conclusions: From this RCT, it is concluded that the implant-abutment connection and 

a micro- threaded external thread configuration have limited influence on crestal bone 

remodeling. The latter can be considered a multifactorial process and is more 

dependent on other factors such as biologic considerations than on implant design. 
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INTRODUCTION 

Nowadays dental implants are omnipresent in daily practice and they are an effective 

method for replacing missing teeth in fully and partially edentulous patients.1 Due to 

improvements in implant design, surface modification and insights in surgical techniques 

and biological processes, dental implant treatment has become predictable with high 

survival rates regardless of the treatment indication.2, 3 In the past, implant survival was 

the most relevant research topic but this focus has shifted to crestal bone maintenance 

which is crucial for soft tissue stability and aesthetics.4 Traditionally, crestal bone loss 

less than 2 mm in the first year after implant placement and 0.2 mm each year thereafter 

was considered a success.5 Although this is no longer acceptable due the improved 

implant designs and biological insights,5, 6 those criteria imply a crestal bone loss which 

occurs during the first year after placement and a stabilisation of the crestal bone levels 

thereafter. Multiple clinical studies compared bone levels after one year, with bone levels 

on the long term (6 – 22 years) in single,7, 8 partial and fully edentulous jaws,9 confirming 

this steady state. Additionally, it is suggested that increased early crestal bone loss, 

increases the chance of progressive crestal bone loss on the long term.10 Therefore, 

crestal bone preservation is paramount for implant success. Crestal bone loss may be a 

biological reaction to implant placement11 and a consequence of the establishment of a 

3 - 4 mm soft tissue barrier protecting the crestal bone. This biological phenomenon is 

referred to as `biological width’ and is considered to be a physiological process.12, 13 

Another factor that affects this crestal bone remodelling is the microgap at the implant-

abutment junction. Bacterial leakage from this microgap creates an inflammatory 

response of the surrounding soft tissues. This extends 0.5 mm above and below the 

implant-abutment junction and could cause crestal bone loss.14, 15  

Different modifications in implant design have been introduced over time to minimize 

crestal bone loss. Historically, the original Brånemark implants had an external flat to flat 

abutment to implant connection, with an external hexagon in order to prevent rotation 

of the abutment. Today, an internal conical connection with a Morse taper and an 

internal anti-rotation element is commonly used.16 A smaller implant-abutment microgap 

and favourable stress distribution with an internal connection could limit crestal bone 

loss.17 A microgap between the implant-abutment junction allows bacterial penetration 
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and colonization and yields an inflammatory cell infiltrates which may harm the 

surrounding crestal bone and cause crestal bone loss. An internal connection reduces 

the implant-abutment gap and several in vitro studies have shown that this reduces 

bacterial penetration18-20 which might limit crestal bone loss. However, no implant-

abutment interface seems to fully prevent bacterial penetration,17 which makes the 

clinical relevance of this enhanced bacterial seal questionable. Another advantage of the 

internal connection over the external flat-to-flat connection might be the improved 

stress distribution. In an in vitro study,21  load transfer characteristics of a full-arch 

restoration supported by 4 implants with external and internal implant-abutment 

connections were compared. Especially when the fixture was loaded off-centre, higher 

stress levels were recorded around external implant-abutment connections. It is 

suggested that the internal connection implants have a biomechanical advantage over 

external joint implants which could result in less crestal bone loss,22 as shown in multiple 

clinical studies.23-25 

An additional implant design modification which may minimize crestal bone loss is the 

presence of microthreads on the coronal part of the implant. The latter allows a better 

distribution of masticatory forces in the surrounding crestal bone and may result in 

improved crestal bone maintenance. In multiple in vitro studies, stress distribution on 

the surrounding crestal bone was measured using a finite element analysis around 

implants with and without microthreads.26, 27 These could confirm that the presence of 

microthreads on the implant neck decreased stress values in the adjacent bone. Multiple 

clinical studies described a difference in crestal bone loss between micro –and non-

microthreaded implants.28-32. Unfortunately, many of the afore-mentioned studies have 

rarely controlled for confounding factors, and the so-called superiority of one design 

over another is scientifically weak.  

 

The aim of the current study was to assess crestal bone loss around implants with 

different neck designs, in patients receiving a bar-supported maxillary overdenture. In 

this RCT crestal bone levels were compared around implants with an internal or external 

implant-abutment connection and with and without microthreads, up to one year after 

definitive loading.  
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MATERIAL AND METHODS 

 

Study Implants 

The Deep Conical Cylindrical implant (DCC; Southern implants, Irene, South Africa) 

served as the basis for the different study implant designs (Figure 1). This straight walled 

implant has a thread pitch of 0.6 mm, a moderately rough, sandblasted surface (Sa: 1.43 

µ)33 and an integrated platform 

shift with a smooth implant bevel. 

The DCC implant has an internal 

connection and microthreads on 

the implant neck. For the purpose 

of the study 3 other experimental 

implants were designed. The 4 

implants have the same implant 

body, same width of 4 mm, length 

of 9 or 11 mm, same thread pitch, 

the same surface topography and 

an equal platform-shift. Hence the 

implant features are controlled, 

and they only differ in connection 

type (internal versus external) and 

in coronal design (with or without 

microthreads). The four implants 

are depicted in Figure 1.   

 

Patient selection 

Maxillary edentulous patients were consecutively enrolled at a single centre for 

treatment with implant-supported overdentures. Inclusion criteria were: (1) Totally 

edentulous in the upper jaw for at least 4 months, (2) presence of sufficient residual bone 

volume to install four implants with a 4 mm diameter and 9-11 mm in length. All patients 

FIGURE 1 Study implants: The Deep Conical Cylindrical 

implant (DCC; Southern implants, Irene, South Africa) 

served as the basis for the different study implant 

designs. The DCC implant has an internal connection and 

microthreads on the implant neck (I MT). The three other 

implants used in this study have the same implant body, 

thread pitch, surface, and platform-shift. One implant has 

also an internal connection but no microthreads (I NMT). 

The two remaining implants (E MT and E NMT) have an 

external connection, respectively, with and without 

microthreads 
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gave written informed consent. Primary exclusion criteria were less than 18 of age, and 

general contraindications for oral surgery such as full-dose head and neck radiation, 

intravenous administrated bisphosphonates and ongoing chemotherapy. Smokers were 

not excluded, but limited to patients smoking less than 10 cigarettes per day. In patients 

fulfilling these criteria, the existing prosthesis was relined, or a new prosthesis was made 

in the maxilla to achieve a correct occlusion, appropriate teeth position and appropriate 

smile line. At this stage, the vertical height was evaluated to ensure enough prosthetic 

space for the bar and prosthesis. A 12-mm distance from the crest to the opposing jaw 

was mandatory. In cases of limited vertical height, the bone height was measured using 

Cone Beam CT (Planmeca, Helsinki, Finland) and a deeper vertical implant position was 

planned. If both vertical prosthetic space and bone height were insufficient, the patient 

was excluded from this study (secondary exclusion criteria). All patients received a 

check-up prior to implant placement, as well as periodontal and restorative treatment of 

the mandible when required. Oral hygiene measures were optimized during the 

preoperative planning. Patients were thoroughly informed about the treatment and the 

study was conducted with approval of the ethical committee of the Ghent University 

Hospital.  

 

Surgical procedure 

The surgical site was infiltrated with Xylocaine®-Adrenaline (Dentsply Pharmaceutical, 

York, PA, USA), and a mid-crestal incision was performed. After reflection of the muco-

periosteal flap, the site and alveolar ridge were carefully inspected and the implant 

position was determined. The canine and first molar position were preferred locations 

but in most cases the second premolar site was chosen due to insufficient bone height 

at the level of the maxillary sinus. In patients with limited bone volume, the best possible 

distribution of the implants was chosen to avoid too great an inter-implant distance. Each 

patient received four implants, one of each study implant (Figure 2A) and the implant 

position (anterior vs posterior) was randomized by a computerized randomization 

scheme. Implants were placed using a diagnostic drilling protocol, meaning that selection 

of the final drill size was decided by bone quality to optimize initial stability. To ensure 

that the abutment did not interfere with the crestal bone, minimal countersinking was 
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performed. Implants were placed crestally or subcrestally, taking the vertical prosthetic 

space and the soft tissue thickness into account. After final implant seating, insertion-

torque values were registered on the drill unit (W&H Dentalwerk, Bürmoos, Austria). 

Definitive titanium abutments (Compact Conical Abutments; Southern Implants, Irene, 

South Africa) were placed during surgery with the drill unit, using 20 Ncm torque and 

healing caps were placed onto these abutments (Figure 2B). An abutment height of 4 

mm was standardized in all implants based on the biologic width principle. Baseline 

radiographs were taken after surgery using an individualized film holder for each implant, 

which was fabricated using a Rinn-Sett XCP® (Dentsply Rinn, York, PA, USA) and 

Impression Compound (Kerr, Orange, CA, USA) (Figure 3). Patients were prescribed 4 

days of antibiotics, 2 g/day (Amoxicillin) and advised to rinse with chlorhexidine (0.12% 

twice daily), as well as having a soft diet.  

 

Prosthetic procedure 

The provisional conventional denture was adjusted and lined with a soft reliner (Coe 

Soft®, GC Europe, Leuven, Belgium), which acted as a buffer between the prosthesis 

and the abutment healing caps. This resulted in a direct contact of the healing abutments 

with the provisional prosthesis and can be considered as an immediate functional loading 

with a provisional removable denture. (Figure 2B, C34) To avoid overload the soft reliner 

was renewed every 2 – 3 weeks. The abutments were torqued at 30 Ncm after a healing 

period of 4 months minimum, as a measure of clinical osseointegration. Impressions were 

then taken on abutment level with a pick-up technique. A titanium bar was designed and 

milled, using CAD-CAM technology as seen in Figure 2D. Before final installation of the 

bar, a bite registration was performed. Extensions of the bar of maximal 8 mm were 

allowed. The final prosthesis had a metal frame and a partial coverage of the palate as 

presented in Figure 2E.  
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Follow-up evaluations  

Patients were evaluated every two to three weeks during the first three months after 

implant placement to adjust the provisional prosthesis. The soft reliner was renewed 

completely or partially depending on the fit of the prosthesis or the interference with 

the healing caps. Post-treatment follow-up examinations were scheduled at 3, 6 and 12 

months. Patients’ oral hygiene was reinforced whenever necessary and professional 

FIGURE 2 Surgical and prosthetic protocol; Each patient received one of each study implant (A). Final 

abutments and healing caps were placed immediately after implant placement (B) and the provisional 

prosthesis was grinded and relined with a soft reliner resulting in a direct contact of the healing caps 

and the provisional. (C) After a healing period of at least four months the implants were loaded with 

a milled bar (D) and an overdenture with a partial palatal coverage and a metal frame (E). Peri-apical 

radiographs were taken at implant placement (baseline; F), 3 months (G), 6 months (H), 12 months 

(I), and at least one year after final loading (J). Crestal bone loss is calculated by comparing bone-to-

implant contact level of 3, 6, 12, and 21 months with baseline. The green arrows indicate the 

reference point (implant bevel) and the red arrows the bone-to-implant contact level 
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maintenance was adapted to the patients’ need. After 3, 6 and 12 months, peri-apical 

radiographs were taken to assess crestal bone levels. The individualized X-ray holder and 

Rinn-Sett was used to ensure standardization of the radiographs as presented in Figure 

3. Each peri-apical radiograph was calibrated using the inter-thread distance, and bone 

levels were measured using the ImageJ® software (National Institutes of Health, 

Bethesda, MD, USA). Crestal bone loss was calculated by comparing bone-to-implant 

contact level at 3, 6, 12 and 21 months with the baseline which was taken immediately 

after implant placement. All implants were functionally loaded for at least one year with 

the bar-retained prosthesis. Peri-implant health was monitored one year after implant 

placement; probing pocket depths, bleeding on probing (yes/no) and plaque (yes/no) 

were registered.  

 

Statistical Analysis  

All data were processed 

in SPSS Statistics 20® 

(IBM, Chicago, IL, USA). 

Pairwise analysis of 

crestal bone changes 

over the time intervals 

was performed, using the Wilcoxon rank sum test with a Bonferroni correction for 

multiple testing. To assess the difference in crestal bone loss between the different study 

implants, a Friedman test for ordered alternatives was performed. The level of 

significance was set at 0.05.  

 

RESULTS 

Twenty-two patients met the primary inclusion criteria. In one patient, the vertical 

prosthetic space was too limited, and a deeper implant placement was not possible, 

therefor excluding this patient from the study. In the remaining 21 patients (9 woman 

and 12 men with a mean age of 65 years (range: 44 – 86)), 84 implants were placed. 

Insertion torque values ranged from 20 – 40 Ncm with a mean of 29.5 Ncm. On one site, 

FIGURE 3 An individualized film holder was used to standardize the 

radiographs 
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primary stability could not be achieved (<20 Ncm insertion torque) and a more anterior 

or posterior position was not possible. Hence, a 5-mm diameter implant was placed on 

this site, thus excluding this implant from the study. From the remaining 83 implants, 

three implants failed during the first 3 months after placement yielding a survival rate of 

96.4 %. No further failures occurred during the entire follow up and immediate 

provisional loading was possible in all patients. The failed implants were successfully 

replaced and placement of the final bar retained implant overdenture was possible after 

a mean of 7.7 months (Range: 3.7 – 12.0 months). At the one year follow-up, a mean 

probing pocket depth of 3.26 mm (SD: 0.75; range: 2 – 5.75) was measured, 39.5 % of 

the implants showed plaque, and 23.4% bleeding on probing was recorded. A crestal 

bone loss of 0.2 mm (SD: 0.41; range: 0 – 2.9 mm) was measured in the remaining 21 

patients (80 implants) after a mean follow-up of 3.7 months (SD: 0.64; range: 2.8 – 5.3). 

One of the 21 evaluated patients did not attend the 6-month visit, therefor 20 patients 

with 76 implants could be evaluated after a mean follow-up of 7.4 months (SD: 1.48; 

range: 5.0 – 9.4). A mean crestal bone loss of 0.3 mm (SD: 0.40; Range: 0 – 1.6 mm) was 

measured 6 – 7 months post-implant placement. At the one-year follow-up, 21 patients 

with 80 study implants could be evaluated and a mean crestal bone loss of 0.3 mm (SD: 

0.38; range: 0 – 1.5) was measured, showing a steady state in the crestal bone levels 

after 6 months.  

TABLE 1 Overview of the crestal bone loss (CBL) of the different study implants (I MT: Internal connection 

with microthreads; I NMT: Internal connection without microthreads; E MT: External connection with 

microthreads; E NMT: External connection without microthreads) at the different time intervals 

Table 1 CBL 3 month (mm) CBL 6 month (mm) CBL 12 month (mm) CBL 21 month (mm)* 

I MT 0.27 (n=20; SD: 0.65; 

range: 0-2.86) 

0.34 (n=19; SD: 0.47; 

range: 0-1.59) 

0.22 (n=20; SD: 0.32; 

range: 0-1.27) 

0.26 (n=14; SD: 

0.32; range: 0-1.01) 

I NMT 0.15 (n=21; SD: 0.29; 

range: 0-1.10) 

0.26 (n=20; SD: 0.39; 

range: 0-1.14) 

0.27 (n=21; SD: 0.42; 

range: 0-1.27) 

0.24 (n=15; SD: 0.36; 

range: 0-0.94) 

E MT 0.24 (n=20; SD: 0.36; 

range: 0-0.94) 

0.32 (n=19; SD: 0.42; 

range: 0-1.30) 

0.32 (n=20; SD: 0.45; 

range: 0-1.48) 

0.22 (n=15; SD: 

0.33; range: 0-1.28) 

E NMT 0.16 (n=19; SD: 0.25; 

range: 0-0.79) 

0.29 (n=18; SD: 0.36; 

range: 0-1.12) 

0.29 (n=19; SD: 0.38; 

range: 0-1.35) 

0.19 (n=14; SD: 

0.23; range: 0-0.60) 

P-Value 0.67 0.51 0.62 0.86 

aFifteen patients had a final loading time of more than 12 months, 21 months postimplant placement. The number of 

implants (n), Standard Deviation (SD), range and P Values are presented. 
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The last recall session occurred on average 21 months after implant placement (SD: 1.78; 

range: 15.3 – 23.5).  Fifteen patients with 59 study implants, had a functional loading 

with the bar-retained prosthesis of 14.5 months (SD: 1.39; range: 11.6 – 16.5) and 

showed a mean crestal bone loss of 0.2 mm (SD: 0.36; range: 0 – 1.7). Crestal bone loss 

of the different implant designs are presented in Table 1 and Figure 4. In conclusion, 

there is no statistically significant difference in crestal bone loss between the different 

study implants nor between different time intervals, 3, 6, 12 and 21 months after implant 

placement.  

 

 

DISCUSSION 

 

The present study was designed to determine the impact of the implant-abutment 

connection and the presence of microthreads on the neck of the implant on crestal bone 

loss. As discussed by Vervaeke and colleagues, crestal bone loss is affected by the 

establishment of the biological width,35 as concluded from a retrospective study 

FIGURE 4   Boxplot representing crestal bone loss (Bone loss) of the different study implants (I MT: 

Internal connection with microthreads; I NMT: Internal connection without microthreads; E MT: 

External connection with microthreads; E NMT: External connection without microthreads) at the 

different time intervals 
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including 79 mandibular edentulous patients with two non-splinted implants supporting 

an overdenture. After a follow-up of one and two years, patients with thin soft tissues 

had statistically significantly more crestal bone loss, compared to patients with thick soft 

tissue. The latter confirms that bone loss is a consequence of biological width formation 

and is the reason why a uniform abutment height of 4 mm was chosen in the present 

study. The final abutments were immediately placed at implant placement to avoid 

multiple dis – and reconnection of the abutments, which may result in additional crestal 

bone loss.36, 37 

 

Crestal bone loss is a multifactorial process, affected by different factors. Here, the 

present study focussed on crestal bone loss around implants with a different connection 

and with or without microthreads. Our study is the first to exclude confounding factors 

by using experimental implants with the same macro-design and equal platform-shift. 

Additionally, all 4 implants were placed in the same patient, using the same protocol, to 

minimize the patient factor. Previous studies have described the difference in crestal 

bone loss around implants with an internal or external implant-abutment connection. 

Koo and colleagues (2012)24 placed 40 single implants in 40 patients of which 20 

implants had an internal and 20 implants had an external connection. After a follow-up 

of one year, statistically significantly more crestal bone loss was observed at implants 

with an external connection (0.29 mm; SD 0.35), compared to implants with an internal 

connection (-0.07 mm; SD 0.21). Yet in this study, the patient specific factors were not 

accounted for. Pozzi and colleagues (2014)23 corrected the patient as a confounding 

factor by conducting a split-mouth clinical trial. Eighty-eight implants were placed in 34 

patients with at least one implant with an internal and one implant with an external 

implant-abutment connection. A crestal bone loss of respectively 0.68 mm (SD: 0.34) 

and 1.15 mm (SD: 0.34) was measured one-year post implant placement (p<0.001). 

However, this study used implants with a different macro-design, hence including an 

important confounding factor and thus making the comparison obsolete. In a recent 

split-mouth randomized controlled trail, Pessoa and colleagues (2016)25 aimed for 

uniformity of the implant design and treated twelve patients with an all-on-four concept 

in the lower jaw of which two implants were custom-made and were included in the 
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study. Those 24 implants had a similar macro design but a different implant-abutment 

connection; internal Morse taper and external hex. After a follow-up of one year, crestal 

bone loss of 0.17 mm (SD: 0.44) at internal Morse Taper implants and 1.17 mm (SD: 0.54) 

at external hex implants were measured confirming the beneficial effect of an internal 

implant-abutment connection. Yet, the internal connection implants were platform-

shifted in contrast to the external connection implants. This makes it difficult to 

determine whether the bone-preserving effect derives from the different connection or 

from the difference in platform-shift. 

 

Another aim of the present study was to assess the influence of microthreads on crestal 

bone loss. Multiple clinical studies describe a bone preserving effect of the latter, 

however, most of those studies compare implants with a polished or machined, non-

microthreaded neck versus implants with a moderately rough, microthreaded neck.28, 30-

32, 38, 39 This difference in surface modification makes a scientifically-correct assessment 

of the influence of microthreads on the crestal bone, impossible. Piao and colleagues 

(2009)40 placed 45 implants with microthreads and 45 implants without microthreads on 

the implant neck in 54 patients. All studied implants had a moderately rough surface. 

After 1 year in function, there was significantly less crestal bone loss around the implant 

with microthreads, confirming their beneficial effect. This difference was still present at 

the 3 and 5-year report.29, 41 However, one must be careful when evaluating these results 

because the compared implants are from a different brand (different Sa-values, implant-

abutment connection and macro-design), which strongly biases the outcome. In another 

clinical study, Lee and colleagues (2007)42 included 17 patients of which each received 

one microthreaded and one non-microthreaded implant. The studied implants had the 

same surface texture and implant-abutment connection but a different macro-design 

and platform shift. After a follow-up of three years, significantly less crestal bone loss 

was reported at the microthreaded implants, compared to the non-microthreaded 

implants. In the current study, no difference could be found between implants with 

different connections or implants with or without microthreads, suggesting that the 

effect of other factors on crestal bone loss is greater than the implant design itself.    
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In the present study, the final abutments and healing caps were placed immediately after 

implant placement and the prosthesis was grinded and relined at the same time. This 

treatment resulted in a direct contact between the reliner and the healing caps leading 

to an immediate functional loading. This protocol was first described by De Bruyn and 

colleagues (2009)34 in fully edentulous patients with a conventional prosthesis in the 

maxilla and an implant supported overdenture in the mandible. It was suggested that the 

abutment height should not exceed 2 mm above the soft tissues to avoid overloading. 

Since the abutments and healing caps are both 4 mm high, this prerequisite could not be 

achieved in the present study and one might fear an increased implant failure due to 

overloading of the implants. De Bruyn and colleagues treated 37 patients with 74 

implants and reported 2 implant failures, yielding a survival rate of 97%. This is 

comparable with the present study, despite the increased risk of overloading. The latter 

suggests that the increased risk of implant failure due to overloading could be managed 

by relining the provisional prostheses every 2 – 3 weeks. An additional guideline to 

perform immediate loading, described by De Bruyn and colleagues in a systematic 

review,43 is that splinting improves implant outcome. In the present study, all failures 

occurred at the stage of the provisional denture loading, prior to splinting. Additionally, 

crestal bone loss increased the first 6 months during the provisional loading stage and a 

slight bone gain, yet not statistically significant, was recorded 6 months after final 

loading, confirming that splinting of the implants benefits the outcome. From a clinical 

perspective, one can postulate that it is recommended to minimize the risk of 

overloading, as well as the maintenance time. This can be done by connecting and 

functionally loading within 4 months after implant placement, thus speeding up the 

prosthetic procedure. To confirm the latter, the present outcome should be compared 

to a control group, where implants are placed, using a two-stage procedure, and are 

splinted immediately after second stage surgery. The lack of such a control group could 

be considered a drawback in the present study.   
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CONCLUSION 

From this RCT, it is concluded that crestal bone remodelling is not affected by the 

implant-abutment connection and microthreads. Bone remodelling is a multifactorial 

process and might be more dependent on other factors than implant design itself.  
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Abstract 
 

 

Background: Developments in implant hardware and biologic understanding improved 

treatment predictability in terms of implant survival. Current research focuses on 

accelerated loading protocols and crestal bone preservation. 

Purpose: This prospective, monocenter study analyzed the clinical and radiographic 

outcome of a novel parallel-walled implant, with and without platform shift. 

Materials and Methods: Forty-eight consecutively treated patients (30 women, 18 men) 

with crowns/bridges supported by 115 implants were included. Eighty-three percent 

of implants were nonocclusal, immediately loaded, and 17% were subjected to one-

stage surgery and delayed loading after 10 weeks; 39.1% were of diameter 5.0 mm, 

enabling platform shifting with a 4.0 mm-wide prosthetic component; 60.9% were of 

diameter 4.0 mm with a 4.0 mm component. Radio- graphic crestal bone levels were 

assessed at baseline and 1 year. A multivariate statistical analysis was performed to 

determine factors affecting crestal bone loss after 1 year. 

Results: All implants survived and mean marginal bone loss was 0.73 mm (SD: 0.13; 

range: −0.60 to 5.0 mm). There was a statistically significant difference between 

platform-shifted (0.63 mm; SD: 0.18) and nonplatform-shifted (1.02 mm; SD: 0.14) 

implants. Implants in abundant bone volume lost significant less crestal bone (0.45 mm; 

SD: 0.14) compared with implants in small volume (1.20 mm; SD: 0.21). Implant 

diameter, loading time, anatomical position, smoking, and bone quality did not affect 

crestal bone loss. 

Conclusion: After 1 year of loading, both implant-prosthetic features yield a high 

survival and limited crestal bone loss. Crestal bone loss is minimized using platform-

shifted implants placed in sufficiently voluminous bone. To limit the crestal bone loss, an 

adopted implant diameter with platform shifting should be considered. 
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INTRODUCTION 

 

Due to improved implant macro design, surface modifications, insight in surgical 

techniques, and biologic understanding, implant therapy has become more predictable, 

yielding high implant survival rates as described in literature.1–4 When in the past the 

osseointegration of the implant was the main concern, the focus has shifted to accelerated 

loading protocols and preserving the crestal bone level. The latter is a prerequisite for 

soft tissue stability and a predictable esthetic outcome. Traditionally, a delayed loading 

protocol was applied with 3 to 6 months of submerged healing, but over the last two 

decades a shift toward one-stage surgery and shorter healing time has evolved. Firm 

initial stability, minimizing micro-mobility of the implant, is regarded as a main 

determinant for osseointegration of dental implants placed with a two-stage protocol,5 

and is even more important in immediate loading situations.6 A high survival rate and 

limited crestal bone loss with immediately loaded implants is described in the literature,7–

11 and a recent review showed that immediate loading has gained credit for many 

indications.4 Studies show higher failure rates in soft bone and when short implants are 

used, suggesting that a certain degree of implant stability is required for successful 

integration and function during loading.12 The degree of primary stability at implant 

placement is depending on factors related to the properties of the bone, the design of 

the implant, and the surgical technique.13 The secondary implant stability is depending 

on the tissue response to the surgery and the implant material.14 Implant surface 

topography, possibly affecting this, may be an important factor for proper integration, 

especially in challenging situations.15,16 Implant design and surface modification may 

affect crestal bone loss around the implant. Roughening the implant surface and 

placing the implant-abutment connection internally are both changes in implant 

design aiming to preserve crestal bone.17,18 Due to a more rapid bone formation on a 

moderately rough surface, compared with a smooth surface implant, crestal bone loss 

may be diminished.19 Another attempt to preserve the crestal bone is platform 

shifting,20–23 usually realized by placing a smaller diameter abutment on a larger diameter 

implant collar. This combination shifts the perimeter of the implant-abutment junction 

(IAJ) toward the central axis of the implant. Consequently, the inflammatory cell 
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infiltrate, always present at the implant-abutment interface, is kept some distance away 

from the bone, and this may prevent or minimize crestal bone loss.24–26 Besides the 

implant factors, crestal bone loss might be affected by cofactors, depending on the 

patient or the operator. Different local factors such as anatomical position, bone volume, 

and bone quality may have an effect on the bone remodeling. Several studies have 

described the influence of these cofactors on osseointegration,27–29 but few papers give 

insight in their effect on crestal bone loss. 

The aim of this prospective, monocentered, clinical study is to analyze the clinical and 

radiographic out- come of a novel parallel-walled implant, with and without platform 

shift. When analyzing the results of the implant treatment, both patient and implant 

factors are taken into account. 

 

MATERIALS AND METHODS 

 

Study Implant 

The Osseotite 2 Certain® implant 

(BiomeT3I, Palm Beach, FL, USA) is 

a parallel-walled implant with an 

internal connection and a dual-

acid etched surface (Sa ∼0.7 μm). 

Originally, the implant-abutment 

connection of this implant is non-

platform-shifted, but when a 4.0 

mm diameter abutment is placed 

on a 5.0 mm diameter implant, the 

effect of platform shifting is 

emulated (Figure 1).  

Study Patients and Preliminary 

Inclusion Criteria 

Forty-eight patients (30 women and 18 men) were consecutively planned for treatment 

FIGURE 1 The study implants are the Full Certain 2 

parallel-walled implant system (BiomeT3I, Palm Beach, 

FL, USA), with the Osseotite 2 surface extending from 

the apex to the top of the collar. Implants are supplied 

in lengths of 8.5 to 15 mm and diameters of 3.25, 4, 5, 

and 6 mm. A long parallel-walled section and a reduced 

apical taper and a shorter cutting flute height are typical 

for the Osseotite 2 implant, ensuring primary stability. 

The moderately rough surface an intern connection 

aims to minimize the crestal bone changes. 
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with implant- supported crowns or bridges. Presurgical radiographic examinations were 

made using orthopantomogram (OPG) and intraoral radiographs. Inclusion criteria were: 

(1) loss of one or several teeth; and (2) presence of residual bone volume sufficient to 

house an implant with a minimal length of 8.5 mm and a minimum diameter of 4.0 mm. 

Exclusion criteria were age less than 18 years and general contraindications for oral 

surgery such as full dose head and neck radiation, intravenous- administrated 

bisphosphonates, and ongoing chemo-therapy. Smokers were not excluded but limited 

to patients smoking less than 10 cigarettes per day, as well as diabetes type 2 patients 

with stable blood sugar level. In patients planned for extraction and immediate implant 

placement, small infections that would be removed by osteotomy preparations were not 

excluded. All patients had a plaque level of <30% at the time of implant placement; this 

was obtained after oral hygiene instructions and professional plaque and calculus 

removal if necessary. Patients were thoroughly informed about the treatment. The study 

was conducted in full accordance with ethical principles, including the World Medical 

Association Declaration of Helsinki of 1995 as revised in 2000,30 and all patients gave a 

written informed consent. 

Implant Placement Surgery and Final Inclusion Criteria 

Accordingly to the protocol used in the clinic, patients were administered 2 g of 

antibiotics in the form of phenoxymethylpenicillin-kalium, Kåvepenin® (MEDA AB, 

Solna, Sweden) orally and diazepam (Stesolid®, Alpharma, Stockholm, Sweden) (0.3 

mg/kg body weight) orally 1 hour prior to surgery. The surgical site was infiltrated with 

Xylocaine®-Adrenaline (Dentsply Pharmaceutical, York, PA, USA), and a mid-crestal 

incision was performed. After reflection of the muco-periosteal flap, the site and alveolar 

ridge were carefully evaluated, and the optimal implant position was determined, taking 

both the aesthetic and biomechanical aspects into consideration. In eight cases, implant 

installation followed immediately after extraction using a flapless approach, meaning that 

the muco-periosteal flap was not reflected. In those cases, an implant diameter narrowing 

the socket was selected, and the implants were placed 2 to 3 mm subcrestally to 

compensate for bone remodeling. The remaining 107 implants were placed in bone that 

had healed according to the protocol of the clinic for at least 3 months prior to implant 

placement. Hence in the latter condition, the largest bone remodeling known after 
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extraction had already taken place. Some patients, however, were edentulous for an 

unknown period at the time of implant placement. Bone quality and quantity were 

assessed according to Lekholm and Zarb’s criteria31 (Table 1) Despite the fact that this  

index is considered subjective, it is useful because one and the same clinician performed 

the surgeries and bone assessments, allowing comparison between various bone qualities 

and quantities. Implants were placed according 

to a diagnostic drill protocol,32 meaning that 

selection of the final drill size was decided by 

bone quality to optimize initial stability. In Type 

1 bone, the final drill size was 3.25 mm (4.0 mm 

implant diameter)/4.25 (5.0 mm implant 

diameter) in combination with tapping; in 

Types 3 and 4 bone, the final diameter of the 

osteotomy was reduced to gain stability 

through compression of the bone. No counter- sinking was used. Implants were placed 

crestal or subcrestal, taking soft tissue biotype into consideration because soft tissue 

thickness affects crestal bone loss.33 Hence, the depth of the implants depends on the 

soft tissues ensuring a minimum 4 mm of soft tissue thickness. Insertion torques were 

measured with a drill unit (elcoMED, W&H Dentalwerk GmbH, Bürmoos, Austria). After 

seating of the implant, resonance frequency analysis (RFA) was registered (Osstell ISQ, 

Integration Diagnostics AB, Göteborg, Sweden). At this stage, the surgeon (P-O. Ö.) 

decided to proceed with immediately loading or to use a one-stage healing approach with 

a healing time of 10 weeks before final restoration. The decision was depending on a 

minimum insertion torque of 30 Ncm before the final seating of the implant, and an 

Implant Stability Quotient (ISQ) above 60 measured with the Osstell ISQ instrument. 

Patients were prescribed 10 days of antibiotics, 2 g/day (Kåvepenin, MEDA AB), and 

advised mouth rinsing with chlorhexidine (0.12% twice daily) as well as a soft diet. 

Prosthetic Procedures 

Before adaptation and suturing of the mucosal flaps, single-unit restoration 

posts/cylinder (PreFormance BIOMET3i) or low-profile abutments with QuickBridge 

Table 1 Bone Quality 

Bone Quantity 1 2 3 4 

A 0 3 0 4 

B 0 13 41 12 

C 2 14 18 4 

D 2 0 2 0 

Total 4 30 61 20 

TABLE 1 Implants placed in various bone 

quality and quantity (according to 

Lekholm and Zarb(31)  criteria) 
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(BIOMET3i) components for multi-unite restorations (BIOMET 3i) were placed for 

provisionalization. Cantilevers were allowed but restricted to 5 mm. In a single tooth 

immediate restoration, a PerFormance post (BIOMET3i) was mounted on the implant, 

and a temporary crown was fabricated chair side, as seen in Figure 2. Single and multiple 

provisional restorations were nonocclusally loaded. Three months after placement, 

definitive fixed restorations were fabricated. Zirconia abutments with a full ceramic 

crown were used for single implant restoration. Multiple implants were restored with a 

CNC milled BellaTek (BIOMET3i) framework/porcelain screw-retained restoration. All 

definitive restorations were placed in full occlusal loading but contact with the 

contralateral tooth/crown is avoided on deduction movements. All patients participating 

in the study agreed to be enrolled in a strict and individually designed maintenance care 

program focusing on oral hygiene measures. 

Follow-Up Evaluations 

Oral hygiene levels were assessed using plaque index based on the dichotomous (yes/no) 

registration of plaque present per tooth/implant; soft tissue health was registered by 

measurement of the bleeding on probing (BOP); technical complications were checked 

for; and crestal bone level was assessed using periapical radiographs. Crestal bone level 

served as the main variable and was measured by an independent clinician (M.G.), giving 

this study a double-blind character. The marginal bone level is measured after calibration 

FIGURE 2 Typical treatment of a single unite restoration. After the implant was placed, a 

PerFormance post was placed, and a chair-side temporary crown was fabricated. After soft and hard 

tissue healing, a patient-specific abutment was fabricated, and a zirconia crown was cemented on 

the abutment.  
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with the measuring tool of the Kodak program (Kodak, Rochester, NY, USA). Crestal bone 

loss is calculated by comparing bone-to-implant contact level of 1 year with baseline 

(loading). Posttreatment follow-up examinations were scheduled at 3, 6, and 12 months, 

and patients’ oral hygiene was reinforced whenever necessary and professional 

maintenance was individualized. 

Statistical Method 

The data were processed in SPSS Statistics 20® (IBM, Chicago, IL, USA) and descriptive 

statistics were done. Implant diameter (Ø 4 mm vs Ø 5 mm), loading time (immediate vs 

delayed loading), surgical protocol (immediate implant placement vs implant placement 

in healed bone), type of restoration (single vs multiple implant restoration), platform 

shifting (yes or no), jaw position (maxilla/mandible), tooth position (anterior vs posterior), 

smoking habit (yes or no), bone volume (1–4),31 and quality (A + B vs C + D)31 are the 

different factors included in the statistical model. Statistical analysis consisted of the 

linear mixed-effect model analysis to correct for possible interactions between the 

different explanatory variables. A model was fitted including as many variables as 

possible. The model was validated in terms of linearity and homoscedasticity. The level 

of significance was set at .05. 

 

RESULTS 

 

Implant Outcome 

A total of 115 implants (78 

in the maxilla, 37 in the 

mandible) placed in 48 

patients were included 

(Figure 1, Table 2). The 

overall cumulative survival rate for implants in the study was 100% after 14 to 27 months 

(mean follow-up 20 months). Final seating torque ranged from 30 to 70, with a mean 

value of 50.6 Ncm (S.D: 12.7). RFAs ranged from 59 to 86 ISQ, and the mean value was 

76.8 (SD: 5.4). Ninety-five (83%) implants were non-occlusal immediate loaded, and 20 

Implant length Diameter 4.0 Diameter 5.0 Total No 

15 mm 32 18 50 

13 mm 21 9 30 

11.5 mm 1 3 4 

10 mm 5 15 20 

8.5 mm 5 6 11 

Total 64 51 115 

TABLE 2 Length and width of included implants 
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(17%) implants were placed in a one-stage delayed loading procedure. In 45 implants 

(39.1%) of 5.0 mm diameter size, a 4.0-mm prosthetic component was mounted, 

enabling platform shifting. 

Crestal Bone Resorption 

After 1 year in function, a mean crestal bone loss of 0.73 mm (n = 115, SD: 0.13; range: 

−0.60 mm to 5.00 mm) was measured. A statistically significant difference was observed 

between the platform-shifted and non-platform-shifted group, with 0.63 mm (SD: 0.18) 

and 1.02 mm (SD: 0.14) of crestal bone loss, respectively (Figure 3). Implants placed in an 

abundant bone volume (A or B according to Lekholm and Zarb31) (n = 42; mean: 0.45 

mm; SD: 0.14) showed significantly less crestal bone loss compared with implants 

placed in reduced bone volume (C or D according to Lekholm and Zarb31) (n = 73; mean: 

1.20 mm; SD: 0.21) (Figure 4, Table 3). 

Biological and Technical Complications 

Plaque was observed in 26 (22.6%) of the 115 implants, and BOP was detected in four 

(3.4%) implants. Few prosthetic complications occurred. Two (3.8%) provisional 

prosthetic constructions loosened during the healing time and had to be recemented. 

FIGURE 3 There was a significant difference between 

the platform-shifted and non-platform-shifted 

groups (p value = .044). The 45 platform-shifted 

implants showed a bone loss of 0.63 mm (SD: 0.18). 

In the non-platform-shifted group of 70 implants, a 

marginal bone loss of 1.02 mm (SD: 0.14) was found. 

FIGURE 4 Around the 42 implants placed in 

abundant bone volume, there was significantly 

less bone loss (0.45 mm, SD: 0.14) in comparison 

with bone loss around the 73 implants placed in a 

reduced bone volume (1.20 mm, SD: 0.21) (p-

value = .007). 
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One titanium abutment discolored the soft tissue and had to be replaced with a zirconia 

abutment. No other prosthetic complications occurred. 

None of the other parameters (implant diameter, loading time, surgical protocol, type of 

restoration jaw position, tooth position, smoking habit, and bone quality) showed any 

significant effect on crestal bone loss. 

Estimates of fixed effects   95% Confidential interval 

Parameter Estimate Standard Error Significance 
Lower 
bound 

Upper 
bound 

Intercept 0.99 0.44 0.31 0.09 1.89 

Non smokers 0.02  0.37 0.957 - 0.73 0.77 

Smokers 0* 0 ̶ ̶ ̶ 

Abundant bone volume -0.75 0.27  0.007 -1.29 -0.21 

Reduced bone volume 0* 0 ̶ ̶ ̶ 

Non platform-shifted 0.39 0.19 0.044 0.01 0.76 

Platform-shifted 0* 0 ̶ ̶ ̶ 

*Parameter set to zero as a reference value. In an abundant amount of bone, 0.75 mm less bone loss was estimated 
compared with implants placed in a reduced bone volume. A non-platform-shifted implant lost on average 0.39 mm 
more bone than a platform-shifted implant. 

 

DISCUSSION 

 

This study yielded a 100% survival of the studied implant, after at least 1 year of loading. 

This result is in line with other studies using various implant systems and various surgical 

and loading protocols.34–36 A high primary stability is a prerequisite for implant survival. 

This is firstly enhanced by the macro geometry of the implant. The longer parallel-walled 

section and the reduced apical taper of the studied implant may enforce this stability. In 

the present study, the ISQ after surgery was as high as 76.8 (SD: 5.4), indicating high 

stability which was also confirmed by the final insertion torque of 50.6 Ncm. It should be 

stressed in this respect that the drill procedure and consequently the implant stability 

were individualized for each patient based on subjective evaluation of bone quality 

during surgery to enhance final stability reflected by a high torque value as registered 

TABLE 3 Linear Mixed-Effect Modal Analysis Estimating the Effect of Smoking, Bone Volume, and 
Platform Shift on Crestal Bone Loss 
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after placement. It is our belief that the choice of combination of drilling protocol and 

implant, depending on the bone quality, requires experienced surgical skills. By all means, 

the decision of the loading protocol should be taken by the surgeon based on the 

achieved stability, using one of both available methods. During the last decades, implant 

treatment has evolved from a predominantly used two-stage approach with long healing 

time to treatment protocols, including one-stage surgery and immediate loading. These 

approaches are challenging for clinicians, both from a surgical and prosthetic perspective. 

Also, patients prefer a faster prosthetic rehabilitation wherever equal predictability in 

terms of survival and success is ensured.37 In this study, there is no significant difference 

in clinical outcome of immediately loaded implants compared with delayed loaded 

implants. The positive results of immediate loading in the current study is also in line 

with previous literature as reviewed recently.4 

An additional factor, regarding implant outcome, is crestal bone loss. This initial bone 

remodeling during biological width establishment is a physiological phenomenon the first 

months after implant placement.33 Pathological-induced loss of crestal bone is possible 

during follow-up, but related to inflammation of the peri-implant tissue caused by several 

factors.38 This may, in the long term, proceed to peri-implantitis, characterized by pocket 

formation in conjunction with ongoing crestal bone loss.39 The implants in our study have 

the etched surface all the way to the top of the implant. An altered micro texture in the 

coronal part of an implant might have a bone-preserving effect of the coronal bone bed 

compared with a smooth polished neck.18 On the other hand, it is often suggested that 

a rough surface exposed to the oral cavity might increase the peri-implantitis risk. 

However, Zetterqvist and colleagues40 compared the same implants as those used in our 

study with control implants (polished neck) and found no evidence to confirm a different 

peri-implant health or peri-implantitis risk. Therefore, they concluded that the fully 

etched implants did not show any increased risk of peri-implantitis compared with 

hybrid-designed implants with a smooth implant collar after 5 years. In our study, only 

four implants were detected with BOP and the remaining ones were classified as healthy 

because of absence of soft tissue complications. But follow-up time in the present study 

is too short to draw any conclusions regarding peri-implantitis risk and further long-term 

follow-up is required. 
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Besides the surface and implant design modifications, platform shifting may help to 

preserve the crestal bone around the implant.20–22,24,25,41 The beneficial effect of 

platform shifting on crestal bone preservation, found in this prospective study, is 

confirmed in a systematic review published by Atieh and colleagues in 2010.41 Ten clinical 

studies were evaluated and 1,239 implants with a follow-up from 12 to 60 months were 

included. The crestal bone loss of 0.37 mm around the platform- shifted implants was 

significantly lower compared with the platform-matched implants. In a split-implant 

study, conducted by Vandeweghe and De Bruyn in 2012, customized wide body implants 

were platform shifted at the test side and had an end-to-end connection at the control 

side. After 6 months, significantly more bone loss was found at the control side, proving 

the bone- preserving effect of platform shifting.23 

One should realize, however, that platform shifting requires larger diameter implants. 

Hence, it is not astonishing that our prospective study also found bone volume to be an 

important factor in crestal bone changes. A limited bone volume might complicate the 

implant position. A progressive marginal bone loss can take place when a certain buccal 

thickness of the alveolar crest cannot be assured; therefore, a buccal thickness of a 

minimal 2 mm is suggested to preserve the buccal bone.42,43 Also in mesio-distal 

direction, a secure distance between the adjacent tooth/implant should be respected. 

According to Grunder and colleagues,43 a minimum of 1.5 mm is required between the 

placed implant and the neighboring teeth. Between two implants, a distance of minimal 

3 mm is most favorable for preserving the crestal bone.43,44 In limited bone volume, ideal 

implant positioning can be jeopardized, and this may lead to more crestal bone loss. So, it 

is up to the surgeon’s judgment to decide whether a smaller implant without or a wider 

implant with platform shift is adopted. A drawback of the study is the absence of a group 

of 5-mm diameter implants restored with 5-mm diameter abutments. This would have 

shown to be a more scientifically sound comparison of platform shifting versus 

nonplatform shifting. But by selecting a wide prosthetic component, the risk of recession 

increases45 and the probability of a complete papilla fill is compromised as a wide 

prosthetic component reduces the facio-lingual soft tissue dimension.46 It would be 

unethical to risk these complications. 
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CONCLUSION 

 

After 1 year in function, the studied implant has a high survival and a limited mean crestal 

bone loss. It can be concluded that an immediate loading protocol using this implant 

yields a viable alternative for shortening the treatment time, provided that primary 

stability is obtained. Platform shifting further enhances crestal bone preservation 

whenever sufficient bone volume is present and ideal implant placement is possible. 
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Abstract 
 

 

 

Background & Aim: The aim of current split-mouth study is to compare crestal bone loss 

of hybrid with moderately rough implants in patients with a bar supported mandibular 

overdenture. 

Methods: Fully edentulous patients were enrolled for treatment with implant-supported 

overdentures. Each patient received two implants of which one moderately rough (Sa: 

1.3 μm) and one hybrid surface implant (moderately rough implant body (Sa: 1.3 μm) and 

a minimally rough implant neck (Sa: 0.9 μm)). Beside the difference in implant surface, 

the two implants are identical. After 3 and 12 months peri-apical radiographs were taken 

to assess crestal bone levels and a Wilcoxon signed-rank test was used for pairwise 

comparison. 

Results: Forty-two implants were placed in 21 patients and no failures occurred after 

one year. An overall mean crestal bone loss of 0.40 mm (SD: 0.76; range: 0-3.93) and 

0.35 mm (SD: 0.59; range: 0-2.56) was registered after a mean follow-up of 3.42 and 

15.75 months. There was no statistical significant difference in crestal bone loss 

between the different implant surfaces nor between the different time intervals.  

Conclusion: From this RCT it can be concluded that hybrid surface implants may be a 

viable alternative for implant treatment in the edentulous mandible. 
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INTRODUCTION  

 

Modifications of the implant surface have improved treatment outcome over the last 

decades and expanded treatment possibilities in more challenging patients. Roughening 

the implant surface enlarges the surface contact area and enhances the osseointegration 

process. Consequently, implant survival of moderately rough implants is superior to the 

survival of minimally rough implants, especially under challenging conditions.1, 2 With a 

better understanding of the biologic processes yielding osseointegration, it became clear 

that crestal bone level stability over time is the key factor for soft tissue stability and 

aesthetics.3 Crestal bone remodelling occurs from the moment of soft tissue penetration 

of implants or abutments as a consequence of soft tissue adaptation and healing. This 

occurs predominantly during the first 3 to 6 months and strives to a steady state 

condition.4, 5 Limiting this initial crestal bone loss is important as excessive bone loss may 

lead to soft tissue recession and exposure of the implant surface. The influence of 

surface roughness on crestal bone loss is however contentious. Some studies describe 

less crestal bone loss of moderately rough surface implants compared to the minimally 

rough surfaces,6, 7 whilst others could not confirm this difference.8, 9 Moreover, a recent 

systematic review conducted by Doornewaard and collaborators (2016),1 suggested that 

minimally rough surface implants have less crestal bone loss after a follow-up period of 

at least 5 years. The meta-analysis revealed a difference of 0.26 mm in favour of 

minimally rough implants. Recently, a RCT compared 42 moderately and 42 minimally 

rough surface implants in 15 periodontally compromised patients, using a split-mouth 

study-design10. After a follow-up of 5 years, the incidence of peri-implantitis (defined as 

probing pocket depth ≥5 mm + bleeding on probing + radiographic bone loss ≥ 2,5 mm) 

was statistically significantly higher at implants with a moderately rough surface. Hence, 

there is some literature suggesting these benefits of a machined surface on the longer 

term, yet more controlled clinical trials are needed to confirm the latter. By using a hybrid 

dental implant with a minimally rough coronal part and a moderately rough implant body, 

the possible benefits of a minimally rough implant surface may be combined without 

jeopardizing a predictable osseointegration. Hybrid surface implants (machined collar 

and surface modified implant body) were already introduced in the mid-nineties as an 
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alternative for machined surface implants to speed up the osseointegration process. 

Gradually, this hybrid surface design was changed to a full surface modified implant.11-15 

Consequently, few clinical studies11, 16-18 compared hybrid and moderately rough surface 

implants and the results of those studies were inconsistent. Furthermore, other factors 

affecting the initial crestal bone loss, such as implant design, vertical position at implant 

placement, platform shift and patient factors were rarely accounted for. 

 

The aim of the current split-mouth study is to compare initial crestal bone loss around 

hybrid and moderately rough surface implants in patients with a bar supported 

mandibular overdenture.  

 

MATERIAL & METHODS 

 

Patient selection 

Fully edentulous patients were consecutively enrolled at a single centre for treatment 

with implant-supported overdentures in the mandible. Inclusion criteria were: (1) Totally 

edentulous for at least 4 months, (2) presence of sufficient residual bone volume to 

install two implants of 4 mm diameter and 9-11 mm length. All patients gave written 

informed consent. Exclusion criteria were age less than 21, smoking and general 

contraindications for oral surgery such as full dose head and neck radiation, intravenous 

administrated bisphosphonates and ongoing chemotherapy. Patients fulfilling these 

criteria received a new prosthesis in the maxilla and in the mandible prior to implant 

placement, in order to achieve a correct occlusion, appropriate teeth position and 

appropriate smile line. Patients were thoroughly informed about the treatment and the 

study was conducted with approval of the ethical committee of the Ghent University 

Hospital.  

 

Surgical procedure 

The surgical site was infiltrated with Xylocaine®-Adrenaline (Dentsply Pharmaceutical, 

York, PA, USA), and a mid-crestal incision was performed at the interforaminal site. After 

reflection of the muco-periosteal flap the alveolar ridge was carefully inspected, and the 
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implant position was determined. The canine position was the preferred location. Each 

patient received two Deep Conical Cylindrical implants (DCC; Southern implants, Irene, 

South Africa) of which one implant (MSC) has a hybrid surface with a moderately rough, 

sandblasted surface (Sa: 1.3 μm, Sdr: 60%)19 on the mid and apical part and a minimally 

rough, machined surface on the coronal 3 mm which is comparable to the original 

Brånemark surface(Sa: 0.9 μm, Sdr: 34%) 20. The other implant (DCC) had a moderately 

rough, sandblasted surface (Sa: 1.3 μm, Sdr: 60%)19 over the entire implant length. 

(Figure 1 A, B) Beside the difference in implant surface the two implants are identical 

with a thread pitch of 0.6 mm, an integrated platform-shift with a smooth implant bevel, 

an internal connection and microthreads on the implant neck. Implants were placed using 

a diagnostic drilling protocol, meaning that selection of the final drill size was decided by 

bone quality to optimize initial stability. Implants were placed crestally or subcrestally, 

taking the soft tissue thickness into account, ensuring a 3 – 4 mm soft tissue seal.21 

(Figure 1 C) After final implant seating, insertion-torque values were registered on the 

drill unit (W&H Dentalwerk, Bürmoos, Austria). If primary stability was achieved 

(insertion-torque > 25Ncm) definitive titanium abutments (Compact Conical Abutments; 

Southern Implants, Irene, South Africa) were placed during surgery with the drill unit 

(Figure 1C), using 20 Ncm torque and healing caps were placed onto these abutments 

(Figure 1D). An abutment height of 4 mm was standardized in all implants based on the 

biologic width principle. When primary stability was low (insertion torque < 25 Ncm) at 

one of the two implants, a two-stage approach was chosen for both implants and in this 

case the final abutments were placed during a second stage surgery, 3 months post 

implant placement. Baseline radiographs were taken after surgery using an individualized 

film holder for each implant using a Rinn-Sett XCP® (Dentsply Rinn, York, PA, USA) 

(Figure 2). Patients were prescribed 4 days of antibiotics, 2 g/day (Amoxicillin) and were 

advised to perform mouth rinsing with chlorhexidine (0.12% twice daily) as well as using 

a soft diet. 1-2 weeks later the sutures were removed, and patients received oral hygiene 

instruction with a soft brush (Tepe Surgical, Malmö Sweden). 
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Prosthetic procedure 

The denture was adjusted by the prosthodontist (CM) with a soft reliner (Coe Soft®, GC 

Europe, Leuven, Belgium) was used as a buffer between the prosthesis and the abutment 

healing caps. This resulted in a direct contact of the abutments with the prosthesis and 

can be considered an immediate functional loading with a removable denture.22 (Figure 

2b, 2c) To avoid overload, the soft reliner was renewed every 2 – 3 weeks. During this 

visit oral hygiene was checked and reinstructed whenever required. After a healing 

period of 3 months, impressions were taken on abutment level with a pick-up technique 

using the current prosthesis as an impression tray, converting the latter into an 

overdenture. A titanium bar was designed and milled (Proscan®, Zonhoven, Belgium) 

using CAD-CAM technology, to connect the overdenture with the implants (Figure 1 E).  

 

Follow-up evaluations 

Patients were evaluated every 2 to 3 weeks during the first 3 months after implant 

placement to adjust the prosthesis. Post-treatment follow-up examinations were 

FIGURE 1 Placement of the hybrid and moderately rough surface implant (A, B), notice the minimally 

rough implant collar and moderately rough implant body of the hybrid surface implant (A). Final 

abutments were placed immediately after implant surgery. The vertical implant position was adapted, 

according to the soft tissue thickness, notice the subcrestal position in this case (C). During the 

integration period healing caps were placed (D) and after 3 months a milled bar structure was 

fabricated to connect the overdenture with the implants (E). 
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scheduled at 3 and 12 months. Patients’ oral hygiene was reinforced whenever 

necessary and professional maintenance was adapted to the patients’ individual need. 

After 3 and 12 months peri-apical radiographs were taken to assess crestal bone levels. 

Each peri-apical radiograph was calibrated using the inter-thread distance and bone 

levels were measured using 

the ImageJ® software 

(National Institutes of 

Health, Bethesda, MD, 

USA). Crestal bone loss was 

calculated by comparing 

bone-to-implant contact 

level at 3 and 12 months 

with baseline taken 

immediately after implant placement. All implants were at least one year functionally 

loaded with the bar-retained prosthesis. Peri-implant health was monitored one year 

after implant placement registering presence of plaque probing pocket depths and 

bleeding on probing.23  

 

Statistical Analysis 

The data were processed in SPSS Statistics 23® (IBM, Chicago, IL, USA). The Wilcoxon 

signed-rank test was used for pairwise CBL comparison between the MSC and DCC 

implant at the different time intervals. The level of significance was set at 0.05. 

 

RESULTS  

 

Twenty-two patients met the inclusion criteria and 44 implants were placed. One patient 

did not attend the one-year recall visit and was therefore excluded. In the 21 remaining 

patients (10 women, 11 men) a one stage approach with immediate placement of the 

final abutment was possible in 81% of the cases. Due to lack of primary stability in 4 

patients, those pairs (8 implants) were submerged and the final abutments were placed 

FIGURE2 Individualized film holder 



Chapter 5: A RCT assessing initial CBL of implants with a different surface roughness 

62 
 

during second stage surgery. At 

the one-year follow-up, none of 

the 42 implants failed, yielding a 

100% survival. After a follow-up of 

one year a mean probing pocket 

depth of 2.61 mm (SD: 0.63; 

range: 1 – 7) and a mean plaque 

and bleeding score of respectively 

0.69 (SD: 0.64; Range 0 – 3) and 

1.45 (SD: 1.27 Range 0 – 3) were 

registered. There was no 

statistically significant difference 

between the MSC and DCC 

implant with respect of the peri-

implant health. The overall mean 

initial crestal bone loss was 0.40 

mm (n=42; SD: 0.76; range: 0-

3.93) after a mean follow-up of 

3.42 months (SD: 0.68; range: 2.33 

– 4.90). After a mean follow-up of 

15.75 months (SD: 3.80; Range: 

10.70 – 22.93) bone loss was on 

average 0.35 mm (n=41; SD: 0.59; 

range: 0-2.56). There was no 

statistically significant difference 

in crestal bone loss between the different implant surfaces nor between the different 

time intervals (Table 1; Figure 3).   

 

FIGURE 3 Boxplot presenting initial crestal bone loss (3 

(upper) and 12 (lower) month’s follow-up) of the hybrid 

surface (MSC) and the moderately rough surface (DCC) 

implant.of implants (n), standard deviation (SD), range and P-

values are presented. The level of significance was set at 

0.05 
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DISCUSSION 

 

The current study was designed to determine the impact of implant surface roughness 

on initial crestal bone remodelling and functional loading of minimally one year. After 

implant placement, an initial bone remodelling occurs resulting in steady state bone 

levels after 3 – 6 months. Initial crestal bone loss is affected by biological width 

establishment. If an implant is placed and the supra-structure penetrates the soft tissue, 

a soft-tissue seal of 3-4 mm is set. When the soft tissues are thin (<2 mm) and the implant 

is placed crestally, this biological width is not respected, and crestal bone loss occurs.21 

In the present study the vertical position of the implant was adapted according to soft 

tissue thickness and a uniform final abutment of 4 mm height was chosen. The latter was 

placed at implant installation and equal to the soft tissue level to avoid crestal bone loss 

due to multiple dis – and reconnection of the abutment. Crestal bone loss is a 

multifactorial process, yet the effect of surface topography on the crestal bone remains 

unknown due to the possible confounding factors (patient, surgery or implant related) 

affecting the latter. In the present study, a split-mouth study design was adapted, and 

implants/abutments had the same macro-design, implant-abutment connection and 

platform-shift dimension to exclude as many confounding factors as possible. 

The clinical and radiographic outcome of implant treatment can be enhanced by implant 

surface modifications. The hybrid surface has the advantage of being moderately rough 

along the implant body, which promotes osseointegration24 and minimally rough around 

the implant neck, which is suggested to be less susceptible to develop peri-implantitis 

on the long term, especially in high risk patients.1, 10 However, one might fear that similar 

 
3 months follow-up 12 months follow-up P-value 

MSC surface 0.39 mm (n=21; SD: 0.51; 

range: 0 – 1.75) 

0.37 mm (n=20; SD: 0.50; 

range: 0 – 1.60) 

0.33 

DCC surface 0.42 mm (n=21; SD: 0.92; 

range: 0 – 3.93) 

0.32 mm (n=21; SD: 0.68; 

range: 0 – 2.68) 

0.06 

P-value 0.64 0.64 
 

TABLE 1 Initial crestal bone loss (3 and 12 months follow-up) of the hybrid surface (MSC surface) 

and the moderately rough implants (DCC surface). The number of implants (n), standard deviation 

(SD), range and P-values are presented. The level of significance was set at 0.05 
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to smooth collar implants,25 the minimally rough surface would yield more initial crestal 

bone loss compared to moderately rough implants. In the present study, no difference 

in initial crestal bone loss was found between the MSC and the DCC implant after a 

follow-up of at least one year. This outcome confirms a previous paper by Spinato and 

colleagues (2017).17 They placed 37 sandblasted, moderately rough and 38 hybrid 

implants, the latter with a minimally rough implant collar and moderately rough implant 

body, in 75 patients. After a follow-up of one year no difference in crestal bone loss was 

reported. However, these results disagree with a previous 5-years follow-up, comparing 

dual-acid-etched (DEA) implants with hybrid implants (DEA implant body and a 

machined implant collar). Zetterqvist and collaborators (2010)11 placed 139 hybrid -and 

165 full DAE-implants in 112 patients and after 5 years, statistically significant more 

crestal bone loss was measured at the hybrid implants. Yet, both the DEA and the 

machined surface were classified as minimally rough and the smoother surface of the 

hybrid implant (Sa: 0.40 µm; Sdr: 17%) compared to the MSC might explain this 

discrepancy. The latter suggests that some roughness is needed to preserve the crestal 

bone. Another implant feature explaining the opposing results could be the difference in 

implant macro-design as implants with an internal implant-abutment connection and 

platform-shift yield less crestal bone loss than those with an external hex and a flat-to-

flat connection.26-28 

In the present study, one patient showed extensive crestal bone loss beyond the normal 

bone remodelling, at both the MSC (1.75 mm) and DCC implant (3.93 mm), three months 

post implant placement. Bone levels stabilized after final loading and at the one year 

recall a slight bone gain was recorded. (MSC: 1.41 mm; DCC: 2.56 mm) The fact that 

both implants were affected, indicates that this bone loss was not surface related and 

that other factors such as overloading of the provisional prosthesis or bone quality might 

have a greater influence on the crestal bone.  

 

CONCLUSION 

 

From this RCT it can be concluded that there is no difference in initial crestal bone loss 

of hybrid (minimally rough implant collar and moderately rough implant body) and 
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moderately rough surface implants up to one-year function. Hence, hybrid surface 

implants may be a viable treatment alternative. Additionally, the minimally rough implant 

collar could benefit in high risk patients which are more prone to progressive crestal 

bone loss on the longer term. The suggestion about a possible peri-implantitis preventive 

effect remains however to be investigated in the long term and is topic of future follow-

up of the current patient group. 

 

 

 

  



Chapter 5: A RCT assessing initial CBL of implants with a different surface roughness 

66 
 

REFERENCES 

 

1. Doornewaard R, Christiaens V, De Bruyn H, Jacobsson M, Cosyn J, Vervaeke S, Jacquet W. 

Long-Term Effect of Surface Roughness and Patients' Factors on Crestal Bone Loss at Dental Implants. 

A Systematic Review and Meta-Analysis. Clin Implant Dent Relat Res 2017; 19: 372-399. 

2. De Bruyn H, Christiaens V, Doornewaard R, Jacobsson M, Cosyn J, Jacquet W, Vervaeke S. 

Implant surface roughness and patient factors on long-term peri-implant bone loss. Periodontol 2000 

2017; 73: 218-227. 

3. Raes F, Cosyn J, Crommelinck E, Coessens P, De Bruyn H. Immediate and conventional single 

implant treatment in the anterior maxilla: 1-year results of a case series on hard and soft tissue response 

and aesthetics. J Clin Periodontol 2011; 38: 385-394. 

4. Dierens M, Vandeweghe S, Kisch J, Nilner K, De Bruyn H. Long-term follow-up of turned single 

implants placed in periodontally healthy patients after 16-22 years: radiographic and peri-implant 

outcome. Clin Oral Implants Res 2012; 23: 197-204. 

5. Glibert M, De Bruyn H, Ostman PO. Six-Year Radiographic, Clinical, and Soft Tissue Outcomes 

of Immediately Loaded, Straight-Walled, Platform-Switched, Titanium-Alloy Implants with Nanosurface 

Topography. Int J Oral Maxillofac Implants 2016; 31: 167-171. 

6. Kim YK, Lee JH, Lee JY, Yi YJ. A randomized controlled clinical trial of two types of tapered 

implants on immediate loading in the posterior maxilla and mandible. Int J Oral Maxillofac Implants 2013; 

28: 1602-1611. 

7. Stein AE, McGlmphy EA, Johnston WM, Larsen PE. Effects of implant design and surface 

roughness on crestal bone and soft tissue levels in the esthetic zone. Int J Oral Maxillofac Implants 2009; 

24: 910-919. 

8. Vandeweghe S, Ferreira D, Vermeersch L, Marien M, De Bruyn H. Long-term retrospective 

follow-up of turned and moderately rough implants in the edentulous jaw. Clin Oral Implants Res 2016; 

27: 421-426. 

9. Vroom MG, Sipos P, de Lange GL, Grundemann LJ, Timmerman MF, Loos BG, van der Velden 

U. Effect of surface topography of screw-shaped titanium implants in humans on clinical and 

radiographic parameters: a 12-year prospective study. Clin Oral Implants Res 2009; 20: 1231-1239. 

10. Raes M, D'Hondt R, Teughels W, Coucke W, Quirynen M. A 5-year randomized clinical trial 

comparing minimally with moderately rough implants in patients with severe periodontitis. J Clin 

Periodontol 2018. 

11. Zetterqvist L, Feldman S, Rotter B, Vincenzi G, Wennstrom JL, Chierico A, Stach RM, Kenealy 

JN. A prospective, multicenter, randomized-controlled 5-year study of hybrid and fully etched implants 

for the incidence of peri-implantitis. J Periodontol 2010; 81: 493-501. 

12. Grunder U, Gaberthuel T, Boitel N, Imoberdorf M, Meyenberg K, Andreoni C, Meier T. 

Evaluating the clinical performance of the Osseotite implant: defining prosthetic predictability. Compend 

Contin Educ Dent 1999; 20: 628-633, 636, 638-640. 

13. Ibanez JC, Jalbout ZN. Immediate loading of osseotite implants: two-year results. Implant Dent 

2002; 11: 128-136. 

14. Testori T, Wiseman L, Woolfe S, Porter SS. A prospective multicenter clinical study of the 

Osseotite implant: four-year interim report. Int J Oral Maxillofac Implants 2001; 16: 193-200. 

15. Davarpanah M, Martinez H, Celletti R, Alcoforado G, Tecucianu JF, Etienne D. Osseotite 

implant: 3-year prospective multicenter evaluation. Clin Implant Dent Relat Res 2001; 3: 111-118. 



Chapter 5: A RCT assessing initial CBL of implants with a different surface roughness 

67 
 

16. Menini M, Dellepiane E, Chvartszaid D, Baldi D, Schiavetti I, Pera P. Influence of Different 

Surface Characteristics on Peri-implant Tissue Behavior: A Six-Year Prospective Report. Int J Prosthodont 

2015; 28: 389-395. 

17. Spinato S, Bernardello F, Sassatelli P, Zaffe D. Hybrid and fully-etched surface implants in 

periodontally healthy patients: A comparative retrospective study on marginal bone loss. Clin Implant 

Dent Relat Res 2017; 19: 663-670. 

18. Lee SY, Piao CM, Koak JY, Kim SK, Kim YS, Ku Y, Rhyu IC, Han CH, Heo SJ. A 3-year 

prospective radiographic evaluation of marginal bone level around different implant systems. J Oral 

Rehabil 2010; 37: 538-544. 

19. Svanborg LM, Andersson M, Wennerberg A. Surface characterization of commercial oral 

implants on the nanometer level. J Biomed Mater Res B Appl Biomater 2010; 92: 462-469. 

20. Wennerberg A, Albrektsson T. On implant surfaces: a review of current knowledge and 

opinions. Int J Oral Maxillofac Implants 2010; 25: 63-74. 

21. Vervaeke S, Dierens M, Besseler J, De Bruyn H. The influence of initial soft tissue thickness on 

peri-implant bone remodeling. Clin Implant Dent Relat Res 2014; 16: 238-247. 

22. De Bruyn H, Besseler J, Raes F, Vaneker M. Clinical outcome of overdenture treatment on two 

nonsubmerged and nonsplinted Astra Tech Microthread implants. Clin Implant Dent Relat Res 2009; 11: 

81-89. 

23. Mombelli A, van Oosten MA, Schurch E, Jr., Land NP. The microbiota associated with 

successful or failing osseointegrated titanium implants. Oral Microbiol Immunol 1987; 2: 145-151. 

24. Al-Nawas B, Hangen U, Duschner H, Krummenauer F, Wagner W. Turned, machined versus 

double-etched dental implants in vivo. Clin Implant Dent Relat Res 2007; 9: 71-78. 

25. Schwarz F, Alcoforado G, Nelson K, Schaer A, Taylor T, Beuer F, Strietzel FP, Camlog F. Impact 

of implant-abutment connection, positioning of the machined collar/microgap, and platform switching 

on crestal bone level changes. Camlog Foundation Consensus Report. Clin Oral Implants Res 2014; 25: 

1301-1303. 

26. Chrcanovic BR, Albrektsson T, Wennerberg A. Platform switch and dental implants: A meta-

analysis. J Dent 2015; 43: 629-646. 

27. Glibert M, Vervaeke S, De Bruyn H, Ostman PO. Clinical and Radiographic Comparison 

between Platform-Shifted and Nonplatform-Shifted Implant: A One-Year Prospective Study. Clin 

Implant Dent Relat Res 2016; 18: 129-137. 

28. Lemos CAA, Verri FR, Bonfante EA, Santiago Junior JF, Pellizzer EP. Comparison of external 

and internal implant-abutment connections for implant supported prostheses. A systematic review and 

meta-analysis. J Dent 2018; 70: 14-22. 

 



 

68 
 

 

 

 

 

 

 

CHAPTER 6 

Six-Year Radiographic, Clinical, and Soft Tissue Outcomes of Immediately Loaded, 

Straight-Walled, Platform-Switched, Titanium-Alloy Implants with Nanosurface 

Topography

Glibert M, De Bruyn H, Ostman PO  
Published in International Journal of Oral Maxillofacial Implants 2016;31(1):167-71 



Chapter 6: 6-years outcome of immediately loaded Nanotite implant 

69 
 

Abstract 

 

Purpose: This prospective, longitudinal study evaluated the survival, marginal bone levels, 

and soft tissue conditions for immediately loaded, straight-walled, platform-switched, 

titanium-alloy implants with an internal connection and nanosurface topography.  

Materials and Methods: Patients were enrolled at a single center. The immediate loading 

protocol required a final insertion torque ≥ 25 Ncm, an implant stability quotient (ISQ) > 

55, and placement of the provisional prosthesis on the same day as implant placement. 

Posttreatment follow-up examinations were scheduled at 3, 6, and 12 months and 

annually thereafter. Soft tissue evaluation consisted of assessment of the implant sites 

for signs of peri-implant infection including mucosal inflammation, bleeding on probing or 

suppuration, and progressive bone loss. Oral hygiene was evaluated, and radiographic 

marginal bone levels were analyzed and compared to baseline at the time of provisional 

loading.  

Results: Forty-eight consecutively treated patients received 122 implants; 112 qualified 

for immediate loading and were included. ISQ scores ranged from 51 to 87, with a mean 

value of 75.1 (SD = 6.8). One implant failed (after 3 months). After an average follow-up 

period of 6.2 years (SD = 0.37; range, 5.4 to 6.9), no further losses occurred, leading to 

an overall cumulative survival rate of 99.1%. Average bone loss for the 111 implants after 

6 years was 0.35 mm (SD = 0.45; range: –0.35 to 2.20). Four implants (3.6%) in two 

patients showed concomitant peri-implant infections associated with bleeding on probing 

and/ or purulence after 2 years in function. Exploratory surgery revealed residual 

submucosal cement. After its removal, the progressive bone loss stopped, and peri-

implant tissue in both patients returned to a healthy condition.  

Conclusion: This study based on 40 patients treated with 112 straight-walled, platform-

switched, titanium-alloy implants with nanosurface topography yielded a 99.1% survival 

rate after a mean follow- up time of 6.2 years. Additionally, mean crestal bone loss was 

limited to 0.26 mm (SD = 0.38) after 1 year and 0.35 mm (SD = 0.45) after 6 years. Peri-

implant infection associated with excessive bone loss above 2 mm was only encountered 

in one implant, and residual cement was shown to be responsible. 
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INTRODUCTION 

 

One of the therapeutic prerequisites for implant treatment is primary stability,1,2 as 

determined by torque-resistance measurements at implant placement. An insertion 

torque value of 30 to 40 Ncm when the implant is finally seated indicates stability.3,4 

Because of the high reliability of implant therapy, the scientific focus has shifted to 

implant success, defined in terms of bone-level stability.5 Traditionally, bone loss of 2 

mm the first year of loading and 0.2 mm in succeeding years has been considered 

acceptable.6 However, as implant techniques and design have improved, minimal 

bone loss has become the goal, especially since this is essential for the soft tissue 

outcome and the esthetic result.7 

An internal connection, platform switching, and surface modifications are 

improvements in the implant design that have been implemented by many implant 

systems.8 The internal connection leads to a minimal implant-abutment gap and 

better distribution of occlusal forces, both of which enhance bone preservation.9,10 

Platform switching refers to a difference in diameter between the restorative 

components and the coronal portion of the implant. A smaller abutment diameter 

displaces the inflammatory cell infiltrate, present at the implant-abutment interface, 

away from the bone and consequently minimizes crestal bone loss.11–14 The bone-

preserving effect of platform switching was confirmed in a systematic review and 

meta-analysis focusing on randomized controlled human clinical trials that compared 

platform-switched versus conventionally restored implants.29  

Roughening of the implant surface appears to reduce initial bone loss due to a greater 

and faster establishment of bone-implant contact.15 More recently added nanometer-

scale surface modifications promote these optimal bone-cell reactions.16 Faster 

bone formation expands the possibilities for immediate loading of the implant, 

resulting in faster rehabilitation and greater patient satisfaction.17  

If bone loss occurs after more than 1 year, pathology is more likely the cause.18 Peri-

implant inflammation can lead to late crestal bone loss (peri-implantitis) and 

consequently to implant failure.19  

The aim of this prospective clinical study was to analyze the long-term clinical, 
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radiographic, and peri-implant health outcomes of immediately loaded, platform-

switched implants with nanosurface topography. 

 

MATERIALS AND METHODS 

Patients with at least one edentulous space were consecutively enrolled at a single 

center for treatment with implant-supported restorations. Presurgical radiographic 

examinations were made using orthopantomograms (OPGs) and intraoral periapical 

radiographs. Inclusion criteria were: (1) loss of one or several teeth, (2) presence of 

sufficient residual bone volume to place at least 8.5-mm-long implants, (3) no 

infection at the implant site(s), and (4) written informed consent. Patients younger 

than 18 or those with general contraindications for oral surgery such as full dose head 

and neck radiation, intravenous administrated bisphosphonates, and ongoing 

chemotherapy were excluded. Smokers were not excluded but limited to patients 

smoking less than 10 cigarettes per day. Patients with Type 2 diabetes but stable 

blood sugar levels also were not excluded. All patients were thoroughly informed 

about the treatment. The study was conducted in full accordance with ethical 

principles, including the World Medical Association Declaration of Helsinki of 1995 

as revised in 2000.20 

All patients were treated with straight-walled, titanium-alloy implants (NanoTite 

Prevail implants, BIOMET 3i) with an internal connection and plat- form switching as 

an integrated feature. The dual- acid-etched surface of the implants with additional 

calcium hydroxide crystals in the nanometer range (NanoTite, BIOMET 3i) extends 

from the apex to the top of the implant collar. The coronal portion of the implant has 

a wider diameter than the implant body, ensuring the platform switch. As described 

in a previous 1-year report,3 antibiotics (PECEVE, Ipex Medical AB, 2 g) and diazepam 

(Stesolid, Alpharma, 0.3 mg/kg body weight) were given approximately 1 hour prior 

to surgery. Un- der local anesthesia (lidocaine-epinephrine; Xyloaine-Adrenaline 2%, 

Dentsply Pharmaceutical), a midcrestal incision was performed, and a mucosal flap 

was reflected. The implant site was thoroughly inspected, and optimal implant 

positioning was determined. Bone quality and quantity were assessed using Lekholm 
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and Zarb’s criteria.21 To increase initial stability, the implants were placed in 

underprepared osteotomies, with the final drill dimension chosen by the surgeon 

based on the subjectively assessed bone quality.21 After implant seating, insertion-

torque values were measured with a drill unit (Osseocare, Nobel Biocare), and RFA 

measurements were recorded (Ostell Mentor, Integration Diagnostics). A minimum 

insertion torque of 25 Ncm and an implant stability quotient (ISQ) above 55 had to 

be achieved; other- wise, the immediate loading protocol was canceled and the 

implant was not included in the study. After implant placement, the patients were 

pre-scribed 2 g/day of penicillin V (Kåvepenin, AstraZeneca) and mouth rinsing with 

chlorhexidine (Hexident, Ipex Medical; 0.1% twice per day), and a diet consisting of 

soft food was suggested for the first 10 days after surgery. 

 

All provisional restorations were fabricated chair-side. The provisional single crowns 

were fabricated by filling a prefabricated translucent strip crown (Frasaco strip crown, 

Frasaco) with composite resin (CeramX, Dentsply International) and by pressing this 

over a PreFormance Post (Biomet 3i), which was previously grounded to fit in 

occlusion. To prevent the excessive resin from entering the pocket, a rubber dam was 

used. The single crowns were left out of occlusion and were cemented with 

temporary cement (Tempbond). The provisional restorations of partial and full 

edentulous cases were fabricated based on a template that was made using an 

alginate impression taken prior to surgery. The template was constructed from a 2.5-

mm-thick thermoformed material (ethyl-veny-acetate, Ergoflex 95, Erkodent). 

Occlusal records were also registered, and the translucent templates were mounted 

on articulators by technicians to confirm that the provisional constructions fit into 

the templates. Protemp 3 Garant (3M ESPE) was injected into the template and 

allowed to set for 4 minutes. Adjustments of occlusion were made, allowing light 

centric occlusion contacts and no contacts in lateral movements. In full edentulous 

cases, group contact was pursued in both occlusion and articulation. After 3 to 4 

months, definitive fixed restorations were fabricated. 

 

Posttreatment follow-up examinations were scheduled for 3, 6, and 12 months and 
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annually thereafter. During recall maintenance, the patient’s oral hygiene level was 

assessed and reinforced on an individual basis. Oral hygiene levels were assessed 

using a plaque index consisting of the dichotomous (yes/no) registration of plaque 

present per tooth/ implant. Soft tissue evaluations consisted of an assessment of all 

implant sites for signs of peri-implant infection and included inflammation, bleeding 

on probing, or suppuration. Crestal bone levels were assessed using periapical 

radiographs. Crestal bone level served as the main variable and was measured by an 

independent clinician (MG). Because he was unaware of the time point of the 

radiographs, the study can be considered double blind. Marginal bone levels were 

measured after calibration with the measuring tool of the VixWin program (Gendex 

Dental Systems). Crestal bone loss was calculated by comparing bone-to-implant 

contact levels at 1 and 6 years with those at baseline (loading). 

RESULTS 

Forty-eight patients (23 female and 25 male) were enrolled in the study, and they 

received 122 implants. Of these, 112 implants placed in 40 patients qualified for 

immediate loading. ISQ units scored at placement ranged from 51 to 87 with a mean 

value of 75.1 (SD = 6.8). Torque measurements ranged from 25 to 50 Ncm (mean = 

42.7; SD = 8.7). Nineteen patients received single crowns (19 implants), 23 received 

fixed partial dentures (52 implants), and 8 received fixed complete dentures (40 

implants), all on the same day as implant placement (Tables 1 and 2). No provisional 

restoration fractured. 

 

Prosthesis 
Preliminary 

restorations/implants 
Excluded Final study group 

Single 22/22 3/3 19/19 

Partial 29/60 6/8 23/52 

Full 8/40 0/0 8/40 

Total 59/122 9/11 50/111 

TABLE 1 Number of Restorations and Implants in Final Study Group 
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As reported in the 1-year interim report, one implant failed 3 months after 

placement.3 After the extended follow-up (mean, 6.2 years; range, 5.4 to 6.9), no 

additional implants failed, yielding an overall survival rate of 99.1%. 

Of the 111 surviving implants present at 6 years, bone loss could be evaluated around 

110 implants placed in 40 patients. One radiograph was unread- able. Average bone 

loss was 0.35 mm (SD = 0.45; range: –0.35 to 2.20 mm). This was comparable with 

the results obtained 1 year after loading (n = 109; 0.26 mm, SD = 0.38; range: –0.6 

to 1.3 mm), confirming the stability of the bone levels after initial remodeling. 

Peri-implant infections associated with bleeding on probing and/or purulence and a 

bone loss of ≥ 2 mm developed at one implant after two years in function. Another 

implant had excessive bone loss (2.10 mm) after 6 years but did not show any 

bleeding on probing or purulence. Three implants showed signs of peri-implant 

infection but had less than 2 mm bone loss after follow-up. Exploratory surgery of 

the four implants in two patients with signs of peri- implant inflammation (3.6%) 

revealed residual submucosal cement, which was subsequently removed. After 

treatment, no further progressive bone loss was observed at the annual evaluations, 

and both patients remained free of clinical signs of infection. 

 

DISCUSSION 

 

As discussed in the 1-year report, the surgical adaptation employed in placing the 

immediately loaded implants used in this study may be at least in part responsible for 

the high results that were obtained. Smaller preparation of the osteotomies by using 

 
Provisional  

Screw-retained 

Provisional  

Cement-retained 

Definitive  

Screw-retained 

Definitive 

Cement-retained 

Single 0 19 0 19 

Partial 0 52 16 36 

Full 32 8 40 0 

TABLE 2 Number of Implants in Provisional and Definitive Screw -and Cement-Retained 

Restorations 
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thinner final twist drills enhances the initial stability, resulting in a high implant 

survival rate.3 The surface enhancement may also add to the outcome. The beneficial 

effect of the nanometer-scale modifications takes place in early bone healing,3 and 

the NanoTite topography (dual-etched surface with nanometer-scale discrete 

crystalline deposition of calcium phosphate) promotes fast and predictable 

osseointegration. Histologic studies conducted in humans22,23 have concluded that 

the nanotopography leads to a greater and faster bone-implant contact and a greater 

resistance to mechanical forces early after implant placement. Degidi et al suggested 

that surface roughness plays a role in peri-implant soft tissue reactions and compared 

histologic samples of the peri-implant soft tissues around machined and acid-etched 

titanium healing caps.24 In a clinical study conducted by Martens et al,25 163 implants, 

including 132 implants with the same NanoTite surface as the one used in this study, 

were placed in 33 periodontally compromised patients. Comparable with the present 

study, only 6% of the implants were diagnosed with a peri-implant infection after a 

mean follow-up of 57 months. This may imply that the relatively smooth surface (Sa: 

0.5 µm26) of the studied implant in combination with good oral hygiene has a 

beneficial effect on the peri-implant soft tissues. For the four infected sites, residual 

cement was shown to be responsible for bone loss associated with peri-implant 

inflammation.27 Cement removal after flap surgery led to bone and soft tissue health 

and resolved the infections. 

When the traditional success criteria of Albrektsson et al6 are applied in this study, 

bone loss of 2.88 to 3.18 mm would be allowed after the follow-up period ranging 

from 5.4 to 6.9 years. The maximum bone loss found (2.20 mm) implies a 100% 

success rate for the surviving implants. A drawback of this study is the absence of 

standardization of the periapical radiographs taken at a different time. The use of 

individualized filmholders could have solved this problem. However, this study was 

conducted in a private practice, making the use of these filmholders impossible. 

Taking the limitations of the two-dimensional periapical radiograph under 

consideration, it is currently the preferred method to evaluate bone loss.28 One of 

the implant design features that limited crestal bone loss is platform switching.29 In 

an interimplant study conducted by Vandeweghe and De Bruyn, 15 custom-made 
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implants with a platform switch on one side and a flat-to-flat connection on the other 

side were placed in 15 patients. One year after implant placement, there was 

significantly less bone loss on the platform-switched side, confirming the bone-

preserving effect.13 Vigolo and Givani compared 97 platform-switched and 85 non-

platform-switched implants placed in 144 patients. A significantly lower amount of 

bone loss 1 year post-loading and stable bone levels of the platform-switched 

implants after 5 years were reported.14 This stabilization of peri-implant bone level is 

in line with the present study and suggests that the bone-preserving effect of 

platform switching may persist over many years, although long-term controlled 

studies are necessary to confirm this. 

 

CONCLUSION 

 

This study based on 40 patients treated with 112 straight-walled, platform-switched, 

titanium-alloy implants with nanosurface topography yielded a 99.1% survival rate 

after a mean follow-up time of 6.2 years. Additionally, mean crestal bone loss was 

limited to 0.26 mm (SD = 0.38) after 1 year and 0.35 mm (SD = 0.45) after 6 years. 

Peri-implant infection associated with excessive bone loss above 2 mm was only 

encountered in one implant, and residual cement was shown to be responsible. 
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 Abstract 

The aim of present case-control study was to evaluate the influence of soft tissue 

thickness at implant placement (thin (<3 mm) vs thick (≥3 mm)) and bone volume 

(abundant vs limited bone volume) on initial crestal bone remodelling of immediate 

(placement in the extracted tooth alveolus) and delayed (healed implant site) placed 

implants in immediate loading situations. Sixty-seven patients with 133 implants 

could be evaluated of which 77 were placed immediately after extraction and 56 in 

healed ridges. If sufficient bone volume is present and primary stability is achieved, 

immediate loading of the implant yields good clinical and radiographic outcome, yet 

implants placed in healed ridges with thin soft tissues are more prone to initial crestal 

bone loss.  
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INTRODUCTION 

 

Traditionally, dental implants have been placed in healed ridges and loaded after 3 – 

6 months. However, as implant treatment has become more predictable, faster 

treatment strategies have developed. Immediate placement after extraction and 

immediate loading have shown to be viable treatment options if some prerequisites 

are fulfilled.(1, 2) One of the major requirements for immediate loading is primary 

stability, which is linked to the insertion torque at implant placement. The latter can 

be measured from the drill torque during implant insertion or the ISQ values which 

reflects on the micro mobility of the implant.(3) In a comparative study by Ottoni and 

colleagues(4), 23 patients each received two single implants, of which one was 

delayed loaded after a healing period and one was immediately loaded. Ten out of 

the 23 immediately loaded implants failed. However, nine of those were installed 

with less than 20 Ncm seating torque, indicating a poor primary implant stability. If 

primary stability is achieved however, survival rates of immediately loaded implants 

are comparable with conventionally loaded ones.(5) 

Crestal bone preservation remains an important concern in implant dentistry. Initial 

crestal bone remodelling happens during the first year after implant placement, 

reaching a steady state and leading to stable crestal bone levels on the long term.(6, 

7) Galindo-Moreno and colleagues conducted a retrospective study were 508 

implants in 208 patients were evaluated and concluded that implants with an 

increased crestal bone loss at early stages have a greater chance of progressive 

crestal bone loss on the longer term.(8) This indicates that limiting the initial crestal 

bone loss is paramount for a successful implant treatment. One of the causes of this 

initial crestal bone loss is the establishment of the biological width. The latter is 

determined by an ideal vertical position ensuring installation of a 3 – 4 mm soft tissue 

seal.(9) When the latter is not accounted for in patients with thin soft tissues (< 3 

mm), more crestal bone loss is seen.(10, 11). But not only the vertical position is 

important to limit crestal bone loss. As stated by Grunder et al (2005)(12) a 2 mm 

buccal bone thickness and a distance of 1.5 mm between teeth and implant has to be 

respected. The ideal implant position could be jeopardized if limited bone volume is 
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present, suggesting that a limited bone volume and thin soft tissues could influence 

initial crestal bone loss.(7, 10, 13) 

The aim of the present study was to evaluate the influence of soft tissue thickness at 

implant placement (thin (<3 mm) vs thick (≥3 mm)) and bone volume (abundant vs 

limited bone volume) on initial crestal bone around immediate and delayed placed 

implants in immediate loading situations. 

 

MATERIAL & METHODS 

 

Study implants 

The T3 implant (ZimmerBiomet 3i, Palm Beach, FL, USA) is a tapered implant with an 

internal connection and an integrated platform shift. The implant has a hybrid surface 

with a dual acid-etched surface (DAE) on the coronal 1.5 mm up to the first thread 

and a combined DEA and blasted surface on the remaining mid and apical part. The 

respective surfaces are minimally rough coronally (Sa: 0.48 μm) compared to 

moderately rough (Sa: 1.39 μm) below the upper 1.5 mm. A nano-scale topography 

also was applied to the entire length of the DAE implant via discreet crystalline 

deposition (DCD) of nanometre-scale crystals of calcium phosphate (CaP). 

 

Patient selection 

Partially and fully edentulous patients in need of implant supported restorations were 

consecutively selected. Presurgical clinical diagnostics included clinical inspection 

and radiographic examinations using peri-apicals. Inclusion criteria were 1) loss of 

single or multiple teeth (Control) or presence of teeth that needed extraction (Test), 

and 2) sufficient residual bone to assure stability of an implant of at least 4 mm 

diameter and 8.5 mm length. Patients younger than 18 years or patients with general 

contraindications for oral surgery were excluded. If a periapical infection was present, 

the patient was not excluded from immediate placement provided the infection could 

be removed during osteotomy preparation and proper bone curettage was possible 

without damaging the crest. Patients who smoked less than 10 cigarettes a day and 

patients with Type 2 diabetes but controlled glycemic level were not excluded. Good 
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oral hygiene (plaque level <30%) had to be present at the time of implant placement. 

Therefore, each patient received specific oral hygiene instructions, and if necessary, 

professional plaque and calculus removal prior to implant treatment. Patients were 

thoroughly informed and signed an informed consent. The study was conducted in 

full accordance with ethical principles, including the World Medical Association 

Declaration of Helsinki of 1995 as revised in 2000.(14) 

 

Surgical procedure  

One hour prior to surgery, antibiotics (Amoxicillin, Amimox®, Meda, Stockholm, 

Sweden; 2 grams) and diazepam 

(Stesolid®, Alpharma, Stockholm, 

Sweden; 0.3 mg/kg body weight) 

were given to each patient. If the 

implant was placed in a healed ridge, 

a midcrestal incision was performed, 

and a mucosal flap was reflected 

under local anaesthesia (lidocaine-

epinephrine; Xylocaine®-Adrenaline 

2%, Dentsply Pharmaceutical, York, 

PA, USA). If the implant was placed in 

an extraction socket, a flapless 

procedure was used so that the 

mucoperiosteal flap was not 

detached from the crest to minimize 

post-surgical bone resorption due to 

surgical trauma. The soft tissue 

thickness was measured before 

implant placement (11)(Figure 1, 2), 

and the implant was placed crestal or 

subcrestal ensuring a soft tissue seal 

of at least 3 mm to prevent bone loss 

FIGURE 1 Soft tissue measurements prior to 

implant placement in a healed ridge. In this case 

the soft tissue thickness was 2 mm, hence it was 

classified as thin soft tissue 

 

FIGURE 2 Soft tissue measurements prior to 

implant placement immediately after extraction. 

In this case the soft tissue thickness was 5 mm, 

hence it was classified as thick soft tissue 
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due to installation of the biological width. Bone volume was assessed, using Lekholm 

& Zarb criteria (15) which actually is a subjective measurement. Nonetheless one and 

the same clinician performed the surgeries and bone assessments, allowing a useful 

comparison between various bone quantities. The drilling protocol used in this study 

conformed to the guidelines of the manufacturer, yet countersinking was not 

performed. When being placed immediately after tooth extraction, implants were 

positioned more to the palatal, and Endobone® Xenograft (ZimmerBiomet 3i, Palm 

Beach, FL, USA) was used to fill the gap between the implant and the buccal wall of 

the socket if the void was greater than 2 mm.(16)  

After final implant seating, insertion-torque values were registered on the drill unit 

(Elcomed®, W&H Dentalwerk Bürmoos GmbH, Austria) and Resonance Frequence 

Analysis was recorded (Ostell®, Integration Diagnostics AB, Göteborg, Sweden). 

Depending on these measurements, the loading protocol was determined. A 

minimum insertion torque of 25 Ncm and an ISQ above 60 had to be achieved for 

immediate loading.(17) In those cases the temporary restorations were screw 

retained and fabricated chairside using temporary cylinders in Polyetereterketon 

(PEEK). A shell crown or a fabricated translucent mold was used together with acrylic 

resin to fabricate the temporary crown/bridge. Single crowns were placed out of 

occlusion and a balanced occlusion was provided in the partial and fully edentulous 

cases. Implants which didn`t qualify for immediate loading (insertion torque < 25 Ncm 

and/or ISQ < 60) were excluded from the study. Immediately after surgery 

radiographs were taken (baseline). After implant placement, the patients were 

advised mouth rinsing with chlorhexidine (Hexident®, Ipex Medical AB, Solna, 

Sweden) (0.1% for one minute three times per day for 10 days). A diet consisting of 

soft food was advised for the first ten days after surgery.  

 

Follow-up evaluations 

Post-treatment follow-up examinations were scheduled at 3, 6, 12, 18 and 24 

months. Patients’ oral hygiene was reinforced whenever necessary, and professional 

maintenance was individualized. Crestal bone level served as the main variable and 

was assessed on peri-apical radiographs after calibration with the measuring tool of 
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the Kodak program (Kodak, Rochester, NY, USA) by comparing the distance from the 

implant-abutment junction and bone-to-implant contact. Crestal bone level at follow-

up was compared with the level at baseline, calculating initial crestal bone loss. 

 

Statistical Method 

The data were processed in SPSS Statistics 20® (IBM, Chicago, IL, USA). Data analysis 

was performed using the implant as the experimental unit. The data were tabulated, 

and from these measurements the mean value, standard deviation (SD), minimum and 

maximum were calculated. Mean crestal bone loss was compared for immediate and 

delayed placed implants using the Mann-Whitney test. To identify the effect of bone 

volume (Abundant (A – B) or limited (C – D) as proposed by Lekholm & Zarb (15)) and 

initial soft tissue thickness (thin soft tissues (<2 mm) vs thick soft tissues (≥3 mm)) on 

initial crestal bone loss of both immediate and delayed placed implants, the data file 

was split and Mann-Whitney tests were applied on both groups separately. 

Additionally, a Chi square test was used to identify if bone volume and initial soft 

tissue thickness are related. The level of significance was set at 0.05.  

 

RESULTS 

 

A total of 161 implants were placed in 87 patients (54 women and 33 men) with a 

mean age of 68.6 years (range: 25-91). Twenty-eight implants in 20 patients did not 

meet the criteria for immediate loading and were therefore excluded. Of the 

remaining 133 implants, 77 were placed immediately after extraction and 56 in 

healed ridges. One implant, placed in a healed site, failed after 4 weeks, yielding a 

survival rate of 99.25% after a mean follow-up period of 22.5 months (SD: 5.2; range: 

14.2-34.3). Seventy-two percent were placed in the maxilla, and 28% in the mandible; 

32.6% of the implants were restored with single crowns, 40.2% and 27.2% with fixed 

partial and fixed full dentures, respectively. The surviving 132 implants had a mean 

ISQ of 74.16 (SD: 7.64) and a mean insertion torque of 50.57 Ncm (SD: 12.30). After 

more than one year in function, an overall mean crestal bone loss of 0.12 mm (SD: 

0.24; range: -0.3 -1.05) was measured around 132 implants. Statistically significantly 
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less initial crestal bone loss could be identified when implants were placed 

immediately after extraction (0.07 mm; SD: 0.18; range: -0.15 – 0.95) compared to 

implant placement in healed ridges (0.19 mm; SD: 0.30; range: -0.30 – 1.05) (P-value 

= 0.011). Table 1 gives an overview of the effect of bone volume and soft tissue 

thickness on initial crestal bone loss of immediate and delayed placed implants. 

Implants placed in healed ridges with thin soft tissues showed statistical significant 

more initial crestal bone loss compared to delayed placed implants with thick soft 

tissues (P-value = 0.029) (Figure 3, 4). A correlation between soft tissue thickness and 

bone volume could be identified in healed ridges (P-value < 0.001) but this could not 

be shown when implants are placed immediately after extraction (P-value = 0.89).  

 

 
Immediate implant placement  P-Value Delayed implant placement P-Value 

Limited Bone 

Volume 

0.14 mm (n= 12) 

SD: 0.26; range: 0 – 0.80 

0.23 0.29 mm (n= 22) 

SD: 0.39; range: -0.30 – 1.05 

0.24 

Abundant 

Bone Volume 

0.06 mm (n= 65) 

SD: 0.16; range: -0.15 – 0.95  

0.12 mm (n= 33) 

SD: 0.19; range: 0 – 0.85 

Thin Soft 

Tissues  

0.07 mm (n= 18) 

SD: 0.19; range: 0 – 0.80  

0.94 0.30 mm (n= 26) 

SD: 0.38; range: -0.30 – 1.05 

0.029 

Thick Soft 

Tissues 

0.07 mm (n= 59) 

SD: 0.18; range: -0.15 – 0.95 

0.09 mm (n= 29)  

SD: 0.14; range: 0 – 0.45 

Table 1: Number of implants (# implants), mean crestal bone loss (mm), standard deviation (SD) 

and P-value (Mann-Whitney test) of implants placed in healed ridges or immediately after 

extraction; when thin or thick soft tissues are present and when implants were placed in limited 

or abundant bone volume.  
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DISCUSSION 

 

This paper performed a clinical study to identify the influence on initial crestal bone 

loss of soft tissue thickness and bone volume of immediate and delayed placed 

implants in immediate loading situations. In general, a high survival rate (99.25%) and 

limited crestal bone loss were found. In a retrospective clinical study conducted by 

Cosyn et al (2012)(18) survival rates of 1180 implants, placed for a variety of 

indications in a dental implant training centre, were evaluated. After at least one year 

in function 3.5% implants were lost. No additional risk for implant failure of 

immediate placed implants could be identified which is comparable to this study. In a 

systematic review and meta-analysis conducted by Kinaia and colleagues(2), implant 

outcome of implants placed with a different surgical protocol are compared. A total 

of 7 studies compared crestal bone loss around immediately placed implants (n= 268) 

with crestal bone loss around implants placed in healed ridges (n=384) after a 

Figure 3: Bar chart of mean initial crestal 

bone loss around implants placed in 

abundant bone volume (Abundant (A – B) 

or limited (C – D) as proposed by Lekholm 

& Zarb (15))  

Figure 4: Bar chart of mean initial crestal 

bone loss around implants placed with 

initial thin or thick soft tissue thickness 

(thin soft tissues (<3 mm) vs thick soft 

tissues (≥3 mm)) 
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minimum follow-up of one year. These were included in a meta-analysis. The 

immediately placed implants had statistically significantly less crestal bone loss 

(0.24mm) than those placed in healed sites. This may be explainable due to the use 

of xenograft material at the time of implant placement which is comparable to the 

present study.  

As biological principles became clearer, the ideal vertical position may well be 

determined. If an implant is placed and the suprastructure penetrates the soft tissue, 

a soft-tissue seal of 3-4 mm is set. When the soft tissues are thin (<3 mm) and the 

implant is placed crestally, the biological width is not respected, and crestal bone loss 

occurs.(19) Linkevicius and colleagues (2015) (11) conducted a clinical trial where 40 

implants were placed in healed ridges with thick soft tissues and 40 implants were 

placed in healed ridges with thin soft tissues. After one year of follow-up there was 

statistically significant more crestal bone loss when there were thin soft tissues at the 

time of implant placement (1.17 mm) compared to when thick soft tissues (0.21 mm) 

were present. The latter could be confirmed in the present study yet the difference 

in initial crestal bone loss was less obvious. Linkevicius and colleagues placed the 

implant at a crestal level, even when thin soft tissues were present. In the current 

study, biological width was accounted for and the soft tissues were measured prior 

to implant placement, adapting the vertical position to the soft tissue thickness and 

countering the effect of soft tissue thickness on initial crestal bone loss. Yet the latter 

could not fully prevent initial crestal bone loss in sites with thin soft tissues. As soft 

tissue thickness and bone volume are related, implant sites with thin soft tissues are 

more likely to have a limited bone volume as well. Consequently, these high-risk cases 

may be more prone to initial crestal bone remodelling. In the present study, only 18 

and 12 immediately placed implants were placed in sites with thin soft tissues or in a 

limited bone volume. Those implants were placed immediately after extraction, prior 

to bone resorption and soft tissue healing. Therefore, only few high-risk cases could 

be evaluated. An additional drawback of the present study, is the lack of evidence on 

accuracy and reliability of the methods used to assess the site-specific factors. Bone 

volume was evaluated, according to Lekholm & Zarb`s (15) criteria which is a 

subjective measurement. The use of a Cone Bean CT could have been a more 
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reproducible method to assess bone volume. Yet, as this study was performed in 

private practice and a Cone Bean CT was not always required, it was considered 

unethical to expose the patient to additional radiation, solely for research purposes. 

Soft tissue thickness was assessed following reflection of a buccal muco-periost flap 

and measured at the palatal or lingual side using a periodontal probe, as suggested by 

Linkevicius and colleagues (2015).(11) A drawback of this method is that the 

periodontal probe only has 1 – mm markings, automatically rounding off to the next 

millimetre. However, this method is not yet evaluated in terms of accuracy and 

reliability, it is easy to perform and a practical way to determine the soft tissue 

thickness and the vertical position at implant placement. An additional bias could be 

introduced by the use of a xenograft in immediate implant placement. This material 

is radio-opaque and could conceal crestal bone loss hence overestimating implant 

outcome. Caution is advised when evaluating the results of the present study, 

nonetheless peri-apical radiographs are still the most practical method to assess 

crestal bone loss.(20) 

 

CONCLUSION 

 

Regardless of the type of surgery (immediate after extraction or implant placement 

in healed site) immediate loading yields good clinical and radiographic outcome 

provided that primary stability and ideal three-dimensional positioning is feasible. 

  



Chapter 7: Influence of initial soft and hard tissue dimensions on initial CBL 

90 
 

REFERENCES 

 

1. De Bruyn H, Raes S, Ostman PO, Cosyn J. Immediate loading in partially and completely 

edentulous jaws: a review of the literature with clinical guidelines. Periodontol 2000 2014;66:153-

187. 

2. Kinaia BM, Shah M, Neely AL, Goodis HE. Crestal bone level changes around immediately 

placed implants: a systematic review and meta-analyses with at least 12 months' follow-up after 

functional loading. J Periodontol 2014;85:1537-1548. 

3. Pagliani L, Motroni A, Nappo A, Sennerby L. Short Communication: Use of a Diagnostic 

Software to Predict Bone Density and Implant Stability in Preoperative CTs. Clin Implant Dent R 

2012;14:553-557. 

4. Ottoni JM, Oliveira ZF, Mansini R, Cabral AM. Correlation between placement torque and 

survival of single-tooth implants. Int J Oral Maxillofac Implants 2005;20:769-776. 

5. Balshi TJ, Wolfinger GJ, Stein BE, Balshi SF. A long-term retrospective analysis of survival 

rates of implants in the mandible. Int J Oral Maxillofac Implants 2015;30:1348-1354. 

6. Dierens M, Vandeweghe S, Kisch J, Nilner K, De Bruyn H. Long-term follow-up of turned 

single implants placed in periodontally healthy patients after 16-22 years: radiographic and peri-

implant outcome. Clin Oral Implants Res 2012;23:197-204. 

7. Glibert M, De Bruyn H, Ostman PO. Six-Year Radiographic, Clinical, and Soft Tissue 

Outcomes of Immediately Loaded, Straight-Walled, Platform-Switched, Titanium-Alloy Implants 

with Nanosurface Topography. Int J Oral Maxillofac Implants 2016;31:167-171. 

8. Galindo-Moreno P, Leon-Cano A, Ortega-Oller I, Monje A, O'Valle F, Catena A. Marginal 

bone loss as success criterion in implant dentistry: beyond 2 mm. Clin Oral Implants Res 

2015;26:e28-34. 

9. Vervaeke S, Dierens M, Besseler J, De Bruyn H. The Influence of Initial Soft Tissue 

Thickness on Peri-Implant Bone Remodeling. Clin Implant Dent R 2014;16:238-247. 

10. Vervaeke S, Dierens M, Besseler J, De Bruyn H. The influence of initial soft tissue thickness 

on peri-implant bone remodeling. Clin Implant Dent Relat Res 2014;16:238-247. 

11. Linkevicius T, Puisys A, Steigmann M, Vindasiute E, Linkeviciene L. Influence of Vertical 

Soft Tissue Thickness on Crestal Bone Changes Around Implants with Platform Switching: A 

Comparative Clinical Study. Clin Implant Dent Relat Res 2015;17:1228-1236. 

12. Grunder U, Gracis S, Capelli M. Influence of the 3-D bone-to-implant relationship on 

esthetics. Int J Periodontics Restorative Dent 2005;25:113-119. 

13. Glibert M, Vervaeke S, De Bruyn H, Ostman PO. Clinical and Radiographic Comparison 

between Platform-Shifted and Nonplatform-Shifted Implant: A One-Year Prospective Study. Clin 

Implant Dent Relat Res 2016;18:129-137. 

14. Stockhausen K. The Declaration of Helsinki: revising ethical research guidelines for the 

21st century. Med J Aust 2000;172:252-253. 

15. Lekholm U, Zarb G. Patient selection and preparation. In: 

Brånemark PI, Zarb GA, Albrektsson T, eds. Tissue-integrated prostheses: osseointegration in clinical 

dentistry. Chicago: Quintessence, 1985:199–209.  1985. 

16. Vignoletti F, Sanz M. Immediate implants at fresh extraction sockets: from myth to reality. 

Periodontol 2000 2014;66:132-152. 

17. Ostman PO, Hellman M, Sennerby L. Direct implant loading in the edentulous maxilla using 

a bone density-adapted surgical protocol and primary implant stability criteria for inclusion. Clin 

Implant Dent Relat Res 2005;7 Suppl 1:S60-69. 



Chapter 7: Influence of initial soft and hard tissue dimensions on initial CBL 

91 
 

18. Cosyn J, Vandenbulcke E, Browaeys H, Van Maele G, De Bruyn H. Factors associated with 

failure of surface-modified implants up to four years of function. Clin Implant Dent Relat Res 

2012;14:347-358. 

19. Linkevicius T, Apse P, Grybauskas S, Puisys A. The influence of soft tissue thickness on 

crestal bone changes around implants: a 1-year prospective controlled clinical trial. Int J Oral 

Maxillofac Implants 2009;24:712-719. 

20. De Bruyn H, Vandeweghe S, Ruyffelaert C, Cosyn J, Sennerby L. Radiographic evaluation 

of modern oral implants with emphasis on crestal bone level and relevance to peri-implant health. 

Periodontol 2000 2013;62:256-270. 

 

 

 



 

92 
 

 

 

 

 

 

 

CHAPTER 8 

GENERAL DISCUSSION



General Discussion 

93 
 

GENERAL DISCUSSION 

This thesis discussed treatment outcome of implants with a different macro -and 

micro-design and with different surgical (immediate or delayed implant placement) 

and loading (immediate or delayed) protocols. Implant treatment outcome was coined 

as implant survival and crestal bone loss, both initially and after a long function period.  

 

Implant survival 

Clinically, implant survival rates of 95% - 100% are commonly reported, regardless of 

implant type, surgery or loading protocol.1-4 Implant survival rates presented in this 

thesis are ranging from 96.4% to 100% and fall within this range, regardless of the 

implant system, design, connection or surface (Table 1). Implant failure can occur 

within the first months shortly after placement (early failure) or after a few years of 

loading (late failure). Early implant failure is the consequence of a non-integration and 

occurs mostly prior to loading. Taking the 5 different studies into consideration, in 

total 485 implants were scrutinized and only 5 early failures occurred, yielding a 99% 

implant survival rate. Forty-eight patients with 112 implants could be evaluated after 

6 years of function and no late failures occurred (Study IV).  

 

Different surgical protocols were used in the present thesis. The majority of the 

included implants were placed in healed ridges but in Study II and V also immediate 

implant placement was scrutinized, although limited to certain indications (Table 1). 

A recent systematic review and meta-analysis compared 1438 immediately placed 

implants with 1628 implants placed in healed ridges.5 Statistically significantly higher 

failure rates were reported when implants were placed immediately after extraction. 

Apart from optimal clinical conditions and surgical experience, sufficient apical bone 

volume is deemed crucial in order to obtain primary stability. In the present study no 

difference in implant survival between immediate and delayed placement was 

reported. The use of surface modified implants (Dual-acid-etched implants with 

(NanoTite) or without (Osseotite) nano-meter-scale discrete crystalline deposition of 

calcium phosphate) enhances and expedites the osseointegration, making immediate 

placement more predictable.6-9 Additionally, 77 of the 85 immediately placed 
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implants in the present thesis were tapered, making primary stability easier to 

achieve.10-12  The latter may explain the superior results compared to the afore 

mentioned review, where no distinction has been made between tapered/straight or 

machined/surface modified implants.  

 

Another treatment protocol resulting in a faster patient rehabilitation and reported 

higher patient satisfaction is immediate loading. In the present thesis, 340 implants 

were loaded immediately, supporting single, partial or full arch fixed restorations. No 

difference in implant survival with conventionally loaded implants was found. In a 

review by De Bruyn and collaborators, immediate loading in various indications was 

discussed and it was concluded that immediate loading of single implants yielded 

higher failure rates compared to delayed loaded implants.4 In the present thesis, 

immediate loading was only performed when optimal primary stability was achieved. 

This was clinically assessed based on an insertion torque ≥ 25 Ncm and an Implant 

Stability Quotient (ISQ) > 55. Hence, no difference in implant survival between 

immediate and delayed loaded implants could be observed, concluding that 

immediate loading is a viable treatment alternative if treatment prerequisites are 

fulfilled.  

  

In Study I and III, implants were placed in edentulous jaws, using a one-stage protocol. 

The provisional denture was relined, resulting in a direct contact during the healing 

period. In fact, this could be considered as an immediate functional loading.13, 14 In 

Study III, this protocol was used in the mandible in patients having a complete 

denture in the maxilla. None of the implants failed after a follow-up of minimally 12 

months, confirming a previous study by De Bruyn and colleagues (2009).14 However, 

in Study I, patients received 4 implants in the maxilla opposing various prosthetic 

indications (natural dentition, partial removable prosthesis, implant supported 

overdenture, etc.) and a slightly higher failure rate was found (4%). This is probably 

due to the uncontrolled and unfavourable bite forces, leading to overloading. A 

combination of reduced bone quality and non-axial loading could be responsible for 

this higher implant failure in the maxilla compared to the mandible. In both studies, 
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patients were seen every 2 to 3 weeks after implant placement and whenever 

necessary the prosthesis basis was relined using a soft reliner to manage loading 

forces as much as possible. Although, this loading protocol could be considered an 

alternative to avoid second stage surgery, it is time consuming. It requires many recall 

visits and the risk of overloading should be accounted for, especially in the maxilla. 

  

 

 

 

 

The effect of implant macro-design on initial implant outcome  

 According to the literature, the presence of microthreads at the coronal aspect of 

the implant may influence bone remodelling. Multiple clinical studies evaluated the 

effect of a microthreaded implant design on crestal bone loss.15-23 Yet, the majority 

 

#implants #patients Follow-up 
Loading 

protocol 
Surgical protocol Survival 

Study I 83  21 21 months Immediate 

provisional  

Healed ridge  96.4% 

Study II 115 47 20 months Delayed (20) 

Immediate (95)  

Healed ridge (107) 

Immediate placement (8) 

100% 

Study III 42 21 16 months Immediate 

provisional 

Healed ridge  100% 

Study IV 112 48 76 months Immediate  Healed ridge  99.1% 

Study V 133 67 23 months Immediate  Healed ridge (56) 

Immediate placement (77) 

98.2% 

100% 

CONCLUSION Based on the high implant survival rates reported in this thesis, 

when using moderately rough or surface enhanced implants, osseointegration 

seems predictable in most patients, irrespective of the treatment protocol. Hence, 

immediate placement and immediate loading are viable treatment alternatives. 

Yet, care need to be taken when considering these protocols and a strict 

patient/site selection seems mandatory to obtain good clinical outcome. 

Aftercare and controlled loading seems an essential prerequisite for success. 

TABLE 1: Implant survival (%) in the different studies with the different surgical/loading protocols.  
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of those studies compare implants with a polished/machined, non-microthreaded 

neck versus implants with a moderately rough, microthreaded neck. This difference 

in surface modification could be an overlooked confounding factor and jeopardizes a 

scientifically-correct assessment of the influence of microthreads on the crestal bone. 

A recent review conducted by Niu and collaborators (2017) could only include three 

studies, comparing microthreaded and non-microthreaded implants with an identical 

implant surface. A meta-analysis was performed on 57 implants and statistically 

significant less crestal bone loss was measured around implants with a microthreaded 

design compared to a non-microthreaded design.24 Yet, two included studies16, 25 

compared implants with a different macro-design. However, the other study by Song 

and colleagues (2009)26 conducted a controlled clinical trial, including 20 partially 

edentulous patients, who each received 2 identical implants with the same surface, 

thread pitch and type of implant-abutment connection. The 2 implant types only 

differed in the location of the microthreads. In group A, microthreads were present 

over the entire coronal part of the implant whereas in Group B, the microthreaded 

design started 0.5 mm below the top of the implant. All implants were placed 0.5 mm 

subcrestally, following the manufactures guidelines. At the 1-year follow-up, 

statistically significant less crestal bone loss was observed in group A (0.16 mm; SD: 

0.19) compared to group B (0.30 mm; SD: 0.22). This outcome is in contrast with the 

results presented in Study I, where a microthreaded design did not affect the crestal 

bone loss. However, in our study, the vertical implant position was adapted on the 

soft tissue thickness. Implant depth placement was adjusted to allow the 

establishment of biological width without requiring bone loss.27 This biologically 

guided placement could explain the inconsistent result with the study of Song et al.26 

Another difference is that the implants in our study were splinted by a bar whereas 

the implants in the study of Song and colleagues were part of a 2 – 3 unit fixed partial 

denture. A better stress distribution along microthreaded implants is described to be 

responsible for the favourable results,28 yet by splinting the implants, the effect of 

stress is minimized.  
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The implant-abutment connection type has shown to affect the implant treatment 

outcome.29 Several comparative studies examine the effect of this connection type 

on crestal bone loss.20, 30-35 A recent systematic review with meta-analysis included 

11 studies whereby in total 530 patients had received 461 implants with an external-

connection and 628 implants with an internal-connection.29 Implants with an internal 

implant-abutment connection showed statistically significant less crestal bone loss 

compared to external connection implants. However, most studies compare implants 

of different brands, different macro-designs or different implant surfaces.20, 31-34 As 

previously argued, these differences jeopardize a scientifically sound comparison. 

Only one study included implants with similar implant design.30 Twelve patients were 

treated with an all-on-four concept in the lower jaw and two custom-made implants 

were compared.  These implants had an identical implant macro-design and differed 

only in implant-abutment connection type. After a follow-up of one year, crestal bone 

loss yielded respectively 0.17 mm (SD: 0.44) at the internal Morse Taper implants and 

1.17 mm (SD: 0.54) at the external hex implants. This confirmed a beneficial effect of 

the internal implant-abutment connection. Yet, the internal connection implants were 

platform-shifted in contrast to the external connection implants that had a platform-

matched design. This makes it difficult to determine whether the bone-preserving 

effect derived from the connection type or was a result of the difference in platform-

shift. In general, implants with an internal implant abutment connection are platform 

shifted but external hex implants mostly have a platform-matched connection. Due 

to a direct contact of the inflammatory cell infiltrate with the crestal bone, a platform-

matched connection will induce crestal bone loss which is not the case at a platform-

shifted implant.36 The implants used in Study I were specifically designed to 

overcome the afore mentioned inappropriate design/surface/connection properties. 

Hereby, a scientifically sound comparison was made possible. After 22 months no 

difference in crestal bone loss was reported between the different implant-abutment 

connections. This suggests that other factors might be more important for bone 

remodelling than the implant-abutment connection type alone.  

 

Platform-shifting is further discussed in Study II and after a follow-up of 20 months 
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platform-shifted implants presented statistically significant less crestal bone loss than 

non-platform-shifted implants which is in line with previous studies.37 Vandeweghe 

and colleagues (2012)38 conducted a clinical trial, using an experimental implant 

design that allowed a within-implant comparison. One side received a flat-to-flat 

connection with no platform-shift and the other side had a platform shift of 1.2 mm. 

Fifteen patients received this custom-made implant and after a follow-up of 1 year 

statistically significantly less crestal bone loss was seen at the platform-shifted side. 

An additional finding of this clinical study was that platform-shifting only has an effect 

if the thickness of the surrounding soft tissues is sufficient. All implants were placed 

at the crestal level and platform-shifting could not prevent crestal bone loss due to 

the biological width establishment in cases of thin soft tissues. The latter is likely to 

be more significant than the platform-shifted design. 

  

 

 

 

 #implants #patients Follow-up MT/NMT Int/Ext Pl-S/N-Pl CBL (mm) 

Study I 83  21 21 months 40 MT 

40 NMT  

41 Int 

39 Ext 

Pl-S 0.25 (0.38) 

Study II 115 47 20 months NMT Int 45 Pl-S 

70 N-Pl-S 

0.73 (0.13) 

Study III 42 21 16 months MT Int Pl-S 0.35 (0.59) 

Study IV 112 48 76 months NMT Int Pl-S 0.35 (0.43) 

Study V 133 67 23 months NMT Int Pl-S 0.12 (0.24) 

CONCLUSION From this PhD-thesis, it can be concluded that implant macro-

design has limited influence on initial crestal bone stability and only platform-

shifting is suggested to have a bone preserving effect. Crestal bone loss is a 

multifactorial process and biological considerations might be more important 

than the implant design. 

TABLE 2 Crestal Bone Loss (CBL with the standard deviation) of the implants in the different studies 

with the different implant macro-designs. Number of implants, Number of patients, Thread design 

(Microthreaded: MT; Non-Microthreaded: NMT), Implant-abutment connection (Internal 

connection: Int; External connection: Ext) and Platform-shift (Platform-shifted: Pl-S; Non-Platform-

shifted: N-Pl) are presented. 
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Implant surface and crestal bone loss 

By roughening the implant surface, osseointegration is enhanced due to an 

enlargement of the surface area and an improved osteoblastic differentiation and 

osteogenesis. Consequently, implant survival of moderately rough implants is 

superior to the survival of minimally rough implants, especially under challenging 

conditions such as immediate placement and/or loading.1, 39 On the other hand, a 

minimally rough implant surface might be beneficial in terms of bone stability and 

peri-implantitis prevention.1, 40 In the present thesis minimally rough, moderately 

rough and hybrid surface implants were placed and stable crestal bone levels were 

reported. In Study II, IV and V dual-acid etched implants were used and in Study IV a 

nano-surface topography was added (Nanotite, Biomet 3i, Palm Beach Gardens, FL, 

USA). Although multiple histological studies, both animal and human, found a faster 

bone healing at the nano-threated surface, enhancing osseointegration, the effect of 

the latter on crestal bone loss is less described.8, 9, 41 Martens and collaborators 

compared 31 dual-acid-etched implants without nano-topography (Osseotite) with 

104 Nanotite implants in 33 patients.42 After 5 years, no statistically significant 

difference was found, suggesting that nano-topography only plays a role in initial 

bone healing and has limited effect on crestal bone loss. The same nano-scale 

topography was used at the implants used in Study V. These hybrid surface implants 

had a dual-acid-etched surface on the coronal 1.5 mm up to the first thread (minimally 

rough) and a combined dual-acid-etched and blasted surface on the remaining mid 

and apical part (moderately rough). By using such a hybrid implant, the advantages of 

both implant surfaces could be combined. However, it is paramount that initial crestal 

bone loss of both minimally and moderately rough surfaces is comparable. In Study 

III hybrid surface (machined, minimally rough collar and sandblasted, moderately 

rough) and moderately rough implants were compared using a split-mouth design and 

no significant difference in initial crestal bone loss was found. This conclusion was 

also confirmed in a recent RCT conducted by Spinato and colleagues (2017).43 

Seventy-five patients received 37 moderately rough and 38 hybrid implants. The 

latter had a minimally rough coronal part and moderately rough implant body. After 

a follow-up of one year no difference in crestal bone loss was reported. In Studies II, 
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III, IV and V, presented in this thesis, implants with Osseotite, Nanotite and MSC 

surfaces were used. They are all classified as minimally rough with respective Sa 

values of 0.9 µm, 0.5 µm and 0.7 µm. Hence, the initial implant treatment outcome 

is comparable to that of moderately rough surface implants. (Table 3) Additionally, 

Study IV suggests a predictable implant outcome of minimally rough implants 

regarding peri-implant health and long-term crestal bone stability. However, more 

unequivocal comparative studies as well as longer follow up periods are needed to 

confirm this.  

 

 

 

 #implants #patients Follow-up 

 

Min/Mod 

R body 

Min/Mod 

R neck 

Survival CBL (mm) 

Study I 83  21 21 months Mod R    Mod R 96.4% 0.25 (0.38) 

Study II 115 47 20 months Min R Min R 100% 0.73 (0.13) 

Study III 42 21 16 months Mod R Mod R (21)  

Min R (21) 

100% 0.35 (0.59) 

Study IV 112 48 76 months Min R Min R 99.1% 0.35 (0.43) 

Study V 133 67 23 months Mod R Min R 99.3% 0.12 (0.24) 

 

 

Long term evaluation of implant macro -and micro-design 

Crestal bone remodelling initiates from the moment that an abutment penetrates the 

soft tissue. Three to 6 months after this initial remodelling, a steady state is reached, 

and bone levels remain stable during the following years. Several long-term studies 

CONCLUSION Both minimally and moderately rough implant surfaces are able 

to maintain stable crestal bone levels. A minimally rough surface might be less 

prone to develop peri-implantitis, yet, the osseointegration of moderately rough 

surface implants is superior. Hybrid surface implants can combine the advantages 

of both surfaces and could be a viable treatment alternative, especially in high 

risk patients. 

TABLE 3 Crestal Bone Loss (CBL with the standard deviation) and survival of the implants in the 

different studies with the different implant micro-design. Number of implants, Number of 

patients, Surface roughness of the implant body (minimally or moderately rough: Min/Mod R 

body) and of the implant neck (minimally or moderately rough: Min/Mod R neck) are presented. 
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with follow-up periods ranging from 12 to 22 years, reported crestal bone stability in 

single, partial and full mouth implant rehabilitations.2, 3, 44 However, long term 

comparative studies, comparing different implant designs are scarce. Esposito and 

collaborators (2016) treated 60 patients with 96 external connection implants and 60 

patients with 107 internal connection implants and after 5-years follow-up no 

difference in crestal bone loss was reported.45 Lee and colleagues compared 

microthreaded and non-microthreaded implants (31 patients, 81 implants) during at 

least 5 years and found a statistically significant difference in crestal bone loss, with 

more bone loss for the non-microthreaded implants.17 Yet this difference was already 

present at the 1-year evaluation and did not change thereafter. A comparable 

outcome was presented comparing platform and non-platform shifted implants after 

5 years in function.46 The latter indicates that the implant design affects the initial 

crestal bone loss. However, once this initial process has occurred, the effect of the 

implant macro design is limited. Even though steady state bone levels are obtained in 

most of the cases, progressive crestal bone loss is sometimes seen at the individual 

implant level. One of the consequences of late crestal bone loss is peri-implantitis 

which is defined by soft tissue inflammation and progressive crestal bone loss. A 

prevalence of 3 -  5% after a follow-up of at least 5 years has been described.1 In 

Study IV, 4 implants showed soft tissue inflammation (3.6%) including one implant 

with excessive crestal bone loss (1%). This implant was diagnosed with peri-

implantitis according to the current definition. However, not every implant showing 

crestal bone loss after more than one year is affected by peri-implantitis. Patient 

(smoking, bruxism, oral hygiene), surgical (implant position, surgical trauma) and 

prosthetic factors (occlusal overload, cement remnants) could all lead to progressive 

crestal bone loss.47, 48 In a review conducted by Qian and colleagues (2012) the 

multifactorial nature of crestal bone loss is emphasized, stating that, if implants were 

placed in a perfect patient, without surgical and prosthodontic errors, the incidence 

of peri-implantitis would be rare.49 The latter is confirmed in Study IV where peri-

implantitis incidence was low and submucosal cement remnants were identified as 

the inducing factor.  
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The effect of site specific factors on initial implant outcome  

Initial crestal bone remodelling is a physiological biological process, occurring 

immediately after an abutment penetrates the soft tissues. In a recent prospective 

clinical study, conducted by Vervaeke and colleagues (2018), 25 edentulous patients 

in need of an implant supported mandibular overdenture were selected.27 Each 

patient received 2 implants with a different vertical position. The control implant was 

placed equicrestally and the test implant was placed according to the soft tissue 

thickness, ensuring a 3-mm space for biological width establishment. After a follow-

up of 2 years, statistically significant less crestal bone loss was reported when soft 

tissue thickness was accounted for (Test group) and this difference was already 

present 3 months after an abutment penetrated the soft tissues. The latter confirms 

that initial crestal bone loss is caused by the installation of biological width and that 

a subcrestal implant position may counter this. In the present thesis, implants were 

placed crestal or subcrestal dependent on the soft tissue thickness. In Study I and III, 

an abutment of 4 mm height was placed and by adapting the vertical implant position 

an equigingival position of the abutment was obtained. In Study II, IV and V the soft 

tissue thickness was measured prior to implant placement ensuring a 3 – 4 mm soft 

tissue seal. Implant placement in relation with initial soft tissue thickness, providing 

enough space for biological width formation, minimizes crestal bone loss. The latter 

is confirmed by the limited crestal bone loss reported in this thesis. However, taking 

the soft tissue thickness into account cannot fully prevent crestal bone loss.27 As 

shown in Study V, patients with thin soft tissues are still more prone to crestal bone 

loss despite an adapted vertical implant position. Patients with thin soft tissues could 

often be identified as risk patients since soft tissue thickness and bone volume are 

related.50, 51 Consequently, implant sites with thin soft tissues often have a limited 

bone volume which in turn could lead to more crestal bone loss. A buccal bone 

CONCLUSION In contrast to the initial crestal bone remodelling, late, progressive 

crestal bone loss is not affected by the implant macro-design. Peri-implantitis or 

other external factors, such as cement remnants, can cause such a progressive 

crestal bone loss which occurs only sporadically. 
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thickness of 2 mm and a secure distance between the implant and the neighbouring 

teeth (1.5 mm) or implant (3 mm) are favourable to preserve the crestal bone.52, 53 

However, in cases with limited bone volume, the latter cannot be assured. 

Consequently, these implants might be at higher risk to demonstrate progressive 

crestal bone loss. (Study II) After proper risk assessment, bone grafting or a smaller 

diameter implant can be considered to avoid crestal bone loss. 

 

 

 

General conclusion  

Crestal bone loss is a multifactorial process and the relative involvement of implant 

design, connection and surface topography still remains to be validated. Biological 

factors, such as soft tissue thickness and bone volume, do affect crestal bone loss, 

probably more than the implant design itself. In cases with thin soft tissues, a 

subcrestal implant position (biological implant placement) seems mandatory to 

counteract for crestal bone loss accompanying biological width establishment.27 Yet, 

not every implant design is suitable for a subcrestal placement. For instance, more 

crestal bone loss is reported when the polished collar of the ITI implant system54 or 

implants with a flat-to-flat connection55 are placed below the crest.56, 57 The latter is 

not the case at a platform-shifted implant with a conical connection.36, 58 Suggesting 

that, in patients with thin soft tissues a stable implant abutment connection and 

platform-shifting is indicated. Additionally, osseointegration and implant survival of 

moderately rough implants is superior compared to minimally rough implants, but a 

minimally rough surface might be beneficial in the long run in terms of peri-implant 

health.1, 40 Hence, a minimally rough implant might be indicated in high peri-

implantitis risk patients. However, when osseointegration is more challenging 

CONCLUSION Site specific factors such as soft tissue thickness and bone volume 

affects crestal bone loss. Additionally, the surgeon must consider the biological 

width establishment and adapt the vertical implant position. In case of thin soft 

tissues or limited bone volume, soft tissue grafting, bone grafting or a smaller 

diameter implant might be indicated.  
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(immediate loading, immediate placement) a moderately rough implant could be the 

better choice, or a hybrid implant could combine the benefits of both surfaces. The 

latter illustrates the importance of a proper risk assessment by the surgeon, choosing 

the most suitable implant macro -and micro-design according to the site-specific and 

patient factors. 

 

In the present thesis, bone loss was assessed using peri-apical radiographs. Although 

the two-dimensional peri-apical radiograph is a projection of the circumferential 

bone, underscoring the defect site, it is currently still the preferred method to 

evaluate crestal bone loss. To ensure a comparable angulation of the PA-radiographs 

at baseline and follow-up, an individualized film-holder was used in Chapter 3 and 5.  

Unfortunately, the latter was not possible in Chapter 4, 6 and 7. These studies were 

performed in a private practice which makes the use of such a film holder difficult. 

However, each radiograph underwent a quality-control, meaning that if the separate 

threads of an implant were not visible, the angulation of the radiograph was 

considered incorrect, and a new radiograph was taken. Furthermore, each radiograph 

was calibrated before bone loss measurements were performed. In each chapter, 

crestal bone loss was calculated by comparing bone-to-implant contact at follow-up 

with baseline. In Chapter 4, 6 and 7, this baseline was set at the time of loading 

whereas in Chapter 3 and 5, the time of implant placement served as baseline. Final 

abutments were immediately placed, or an immediate loading protocol was used in 

the different chapters, meaning that the baseline corresponds with the moment an 

abutment penetrates the soft tissues and initial crestal bone remodelling initiates.27  

 

Prospects 

Currently there is a plethora of different implant designs and surfaces claiming to be 

superior to one another. As a clinician, it becomes nearly impossible to see the wood 

for the trees and to choose the perfect implant for your patient. Moreover, implant 

designs are changing fast and long-term evaluation often becomes irrelevant as 

assessed implant designs may no longer be available on the market. For the present 
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thesis, implant design features, already commercialized for more than a decade, were 

identified and included. Due to the multifactorial nature of crestal bone loss, 

identifying the genuine factors affecting implant outcome is challenging. One of the 

most important findings of the present thesis is that the implant design might not be 

that decisive as previously thought and that other factors might be of greater 

significance to preserve the crestal bone. The latter means that when a new implant 

design is proposed, one should be critical an await further research as no miracles can 

be expected of implant design features alone. The influence of implant design 

features and surface modifications on long-term crestal bone loss or peri-implant 

health is less clear and further research seems mandatory to further elucidate this. 

An additional interesting finding was the influence of site specific factors on crestal 

bone preservation. Soft tissue thickness and bone volume are easy to assess prior to 

implant placement and it is up to the surgeon to make biologically driven decisions 

on implant choice for the individual patient.  

 

Social Relevance 

Dental implant treatment is a predictable way for replacing missing teeth and 

improves the patient`s quality of life. Yet, patients have become more and more 

demanding. When in the past, functionality was their main concern, optimum 

aesthetics and long-term stability are the highest valued aspects nowadays. 

Adjustments of the dental implant designs are constantly introduced by dental 

implant companies, to meet these goals. Nevertheless, the dental implant market is 

competitive and new always sells better. Therefore, one might think that sometimes 

changes in implant design are made more out of commercial interest than for the 

patient`s benefit.  Implant design innovations come at a steadily increasing pace and 

some manufacturers fail to gain clinical prove of evidence prior to commercial 

launching. The latter increases the risk of adverse effects. Another disadvantage of 

the rapid changes in implant design is that the surgeon must adapt his surgical 

protocol and must go through a learning curve each time a new design is introduced. 

On the other hand, a number of implant design innovations have introduced 
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important advantages to implant survival and crestal bone stability. Concluding that 

implant design innovations are useful and important. Nevertheless, a longer pre-

clinical phase may lead to more clear and substantiated benefits.  

The influence of implant design on implant treatment outcome is a major topic of the 

present thesis. However, this appears to be of secondary importance and biological 

factors, such as soft tissue thickness and bone volume, may have a greater effect on 

initial implant outcome. It is up to the surgeon to perform a proper risk assessment 

and adjust his treatment accordingly. The latter indicates a great responsibility for the 

surgeon as the implant position must be perfect to obtain a predictable and 

sustainable implant treatment outcome. Nonetheless, in Belgium, the law states that 

everyone with a master’s degree in dentistry, is allowed to place dental implants. So 

even without a proper training programme, providing insight in the basics of implant 

dentistry, as well as giving clinical guidance during treatment planning and chair side 

support during treatment execution, dentists may perform this treatment. Needless 

to say, that learning from Youtube of commercially based courses alone does not 

provide the optimal quality control. Additionally, patients choose their practitioners 

by coincidence. Thus, in a worst-case scenario, an underqualified practitioner could 

perform dental implant surgery with the risk of major complications. The latter 

emphasizes the need for recognized education programmes or for a general dental 

quality control organ in Belgium. 
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Besides functionality, optimal aesthetics and long-term stability are presently the 

main goals for implant treatment. Stable crestal bone levels on the short and the long 

term are mandatory to achieve these objectives. Implant treatment outcome, defined 

as implant survival and crestal bone loss, is affected by implant design and site-

specific factors. In the Introduction some changes in implant macro -and micro 

design, as well as some site-specific factors were denoted and the rational of these 

factors was clarified. The current literature was inquired and could not prove an 

unambiguous effect of these factors on implant treatment outcome, indicating the 

need for more research.  

 

The objectives of this PhD-thesis are presented in Chapter 2. This dissertation aimed 

to evaluate the effect of implant macro-design (microthreads, implant-abutment 

connection and platform-shifting), micro-design (implant surface) and site-specific 

factors (soft-tissue thickness and bone volume) on initial and long-term implant 

survival and crestal bone loss. These aims were scrutinized in 5 clinical trials (Study I 

– V) conducted in a private practice in Sweden (Falun) or at Ghent University and are 

presented in Chapters 3 – 7.  

 

Chapter 3 

Implant macro-design changes and the shift from an external to an internal implant-

abutment connection might affect the implant treatment outcome. It is suggested 

that internal connections enhance stress distribution of masticatory forces on the 

surrounding crestal bone and limits bacterial leakage at the implant abutment 

connection, resulting in a better bone preservation. The latter is described in multiple 

clinical trials but could not be confirmed in Study I where microthreaded/non-

microthreaded implants and internal/external implant – abutment connections were 

compared in a controlled way. Twenty-one patients with an edentulous maxilla were 

consecutively treated with a bar supported maxillary overdenture on 4 different 

implants with respectively: 1/ internal connection and microthreads in the coronal 

implant neck; 2/ internal connection without microthreads in the coronal implant 

neck; 3/ external connection with microthreads in the coronal implant neck and 4/ 
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external connection without microthreads in the coronal implant neck. Other design 

features, such as implant width, surface topography, platform switch as well as 

surgical and prosthetic protocol were consistent. After a follow-up of 3, 6, 12 and 21 

months no statistically significant differences in crestal bone loss or implant survival 

between the four different implants or the different time intervals could be identified. 

Hence, it is concluded that the implant-abutment connection and a microthreaded 

design have limited influence on crestal bone loss. The latter can be considered a 

multifactorial process and is more dependent on other factors such as biologic 

considerations rather than on implant design. 

 

Chapter 4 

When a smaller diameter abutment is placed on a larger diameter implant collar, the 

perimeter of the implant-abutment junction is shifted towards the central axis of the 

implant. This `platform shifting` concept results in a relocation of the inflammatory 

cell infiltrate away from the crestal bone consequently minimizing crestal bone loss. 

In Study II, forty-eight consecutively treated patients (30 women, 18 men) with 

crowns/bridges supported by 115 implants were included. Thirty-nine percent of the 

implants were of diameter 5.0 mm, enabling platform-shifting with a 4.0 mm-wide 

prosthetic component; 61% were of diameter 4.0 mm with a 4.0 mm component 

(platform-match). After a follow-up of 1 year, all implants survived and mean marginal 

bone loss was 0.73 mm (SD: 0.13; range: −0.60 to 5.0 mm). There was a statistically 

significant difference between platform-shifted (0.63 mm; SD: 0.18) and platform-

matched (1.02 mm; SD:0.14) implants. An additional finding of this study was that 

implants, placed in limited bone volume, had more crestal bone loss than implants 

placed in abundant bone volume, indicating the effect of site-specific factors.  

 

Chapter 5 

Implant survival of moderately rough surface implants has been proven to be superior 

to minimally rough surface implants. Yet, recent literature suggests that a minimally 

rough implant surface yields less crestal bone loss and less peri-implantitis on the long 

term. A hybrid surface implant could combine these two advantages. In Study III, each 
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patient received two implants of which one moderately rough (Sa: 1.4 μm) and one 

hybrid surface implant. The latter had a moderately rough implant body of Sa: 1.4 μm 

combined with a minimally rough implant neck of Sa: 0.8 μm. Apart from the coronal 

difference in implant surface, the two implants were identical. Forty-two implants 

were placed in 21 patients and no failures occurred after one year. From this RCT it 

could be concluded that there is no difference in initial crestal bone loss of hybrid 

and moderately rough surface implants up to one-year of function. Hence, hybrid 

surface implants may be a viable treatment alternative. Additionally, the minimally 

rough implant collar could benefit in high risk patients which are more prone to 

develop progressive crestal bone loss on the longer term. However, long-term studies 

are mandatory to investigate whether this surface modification results in a lower peri-

implantitis prevalence.   

 

Chapter 6 

The previous discussed studies described the influence of implant macro -and micro 

design on initial crestal bone loss. Yet, one of the main goals of dental implant 

treatment is long term implant survival and crestal bone stability. The aim of Study 

IV was to analyse the long-term clinical, radiographic and peri-implant health 

outcome of immediate loaded implants with an integrated platform-shift and 

nanosurface topography. A total of 111 implants, placed in 40 patients were 

evaluated after 6 years function. Only 1 implant failed, 3 months after placement, 

yielding a survival rate of 99,1% and a limited crestal bone loss of 0.35 mm was 

measured. Peri-implant infection, associated with excessive bone loss above 2 mm, 

was encountered in only 1 implant and caused by residual cement. The latter suggests 

that, if initial crestal bone loss is limited, predictable long-term implant treatment 

outcome is possible.  

 

Chapter 7 

Not only implant design features influence implant treatment outcome. Additionally, 

site-specific factors affect initial crestal bone loss. The aim of Study V was to evaluate 

the influence of soft tissue thickness at implant placement (thin, defined as <3 mm vs 
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thick, defined as ≥3 mm) and bone volume (abundant versus limited bone volume) on 

initial crestal bone remodelling of immediately versus delayed placed implants. 

Immediate loading was also performed simultaneous to placement. Sixty-seven 

patients with 133 implants could be evaluated of which 77 were placed immediately 

after extraction and 56 in healed ridges. If sufficient bone volume is present and 

primary stability is achieved, immediate loading of dental implant yields good clinical 

and radiographic outcome. Yet, implants placed in healed ridges with thin soft tissues 

are more prone to experience initial crestal bone loss as a result of biological width 

establishment.  

 

Chapter 8 

In the general discussion the different chapters were critically reviewed and 

compared with the current literature. Following conclusions could be drawn 

regarding:  

- Implant survival: Based on the high implant survival rates reported in this 

dissertation, when using moderately rough or surface enhanced implants, 

osseointegration seems predictable in most patients, irrespective of the treatment 

protocol. Hence, immediate placement and immediate loading are viable 

treatment alternatives. Yet, care need to be taken when considering these 

protocols and a strict patient/site selection seems mandatory to obtain good 

clinical outcome. Aftercare and controlled loading seems an essential prerequisite 

for success. 

- The effect of implant macro-design on initial implant outcome: From this 

dissertation, it can be concluded that implant macro-design has limited influence 

on initial crestal bone stability and only platform-shifting is suggested to have a 

bone preserving effect. Crestal bone loss is a multifactorial process and biological 

considerations might be more important than the implant design. 

- Implant surface and crestal bone loss: Both minimally and moderately rough 

implant surfaces are able to maintain stable crestal bone levels. A minimally rough 

surface might be less prone to develop peri-implantitis, yet, the osseointegration 

of moderately rough surface implants is superior. Hybrid surface implants can 
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combine the advantages of both surfaces and could be a viable treatment 

alternative, especially in high risk patients. 

- Long term evaluation of implant macro -and micro-design: In contrast to the 

initial crestal bone remodelling, late, progressive crestal bone loss is not affected 

by the implant macro-design. Peri-implantitis or other external factors, such as 

cement remnants, can cause such a progressive crestal bone loss which occurs 

only sporadically. 

- The effect of site specific factors on initial implant outcome: Site specific factors 

such as soft tissue thickness and bone volume affects crestal bone loss. 

Additionally, the surgeon must consider the biological width establishment and 

adapt the vertical implant position. In case of thin soft tissues or limited bone 

volume, soft tissue grafting, bone grafting or a smaller diameter implant might be 

indicated.
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Naast herstel van functionaliteit, zijn een optimale esthetiek en langdurige stabiliteit 

de belangrijkste einddoelen voor een implantaatbehandeling. Een voorwaarde om 

deze doelstellingen te bereiken zijn stabiele crestale botniveaus op korte en lange 

termijn. Het resultaat van een implantaatbehandeling, gedefinieerd als 

implantaatoverleving en crestaal botverlies, wordt beïnvloed door het 

implantaatdesign en implantaat-site specifieke factoren. In de Inleiding werden 

enkele wijzigingen in het macro- en microdesign van implantaten, evenals enkele site-

specifieke factoren, opgesomd en werd de rationale van deze factoren verduidelijkt. 

De huidige literatuur werd geanalyseerd en er kon geen ondubbelzinnig effect van 

deze factoren, op implantaatoverleving of crestaal botverlies worden aangetoond. 

Dit gaf aan dat verder wetenschappelijk en klinisch onderzoek verantwoord was.  

 

De doelstellingen van dit proefschrift worden voorgesteld in Hoofdstuk 2. Dit 

proefschrift tracht verdere inzichten te verschaffen in het effect van het implantaat 

macro-design (microwindingen, implantaat-abutment connectie en platform-shift), 

micro-design (implantaatoppervlak) en site-specifieke factoren (tandvleesdikte en 

botvolume) op de klinische uitkomst. Zowel initiële als langdurige 

implantaatoverleving en crestaal botverlies zijn de uitkomstvariabelen van deze 

thesis. De onderzoeksvragen werden onder de loep genomen in 5 klinische studies 

(Studies I - V), uitgevoerd in een privépraktijk in Zweden (Falun) of aan de Universiteit 

Gent. Deze worden gepresenteerd in Hoofdstukken 3 - 7. 

 

Hoofdstuk 3 

Veranderingen in implantaat macro-design en de overschakeling van een externe 

naar een interne implantaat-abutment connectie, beïnvloeden het succes van een 

implantaatbehandeling. Er wordt gesuggereerd dat er minder bacteriële lekkage zou 

zijn bij een interne implantaat-abutment connectie en dat de kauwkrachten beter 

verdeeld zouden worden over het implantaat. Dit laatste zou ook het geval zijn 

wanneer microwindingen aan het coronale deel van het implantaat worden 

toegevoegd. Meerdere klinische studies beschreven een beter crestaal botbehoud 

rond implantaten met microwindingen en/of een interne implantaat-abutment 
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connectie. Dit kon echter niet worden bevestigd in Studie I. Deze studie vergelijkt 

implantaten met -en zonder microwindingen en implantaten met een interne of 

externe implantaat-abutment connectie op een gecontroleerde manier. Eenentwintig 

patiënten met een edentate bovenkaak werden behandeld met een bar-gesteunde 

overkappingsprothese op 4 verschillende implantaten. Deze hebben respectievelijk 

de volgende kenmerken: 1/ microwindingen aan de implantaatnek met een interne 

connectie; 2/geen microwindingen aan de nek met een interne connectie; 3/ 

microwindingen aan de nek met een externe connectie en 4/ geen microwindingen 

aan de nek met een externe connectie. Buiten deze verschillen, zijn de implantaten 

identiek en hebben dus dezelfde implantaatbreedte, oppervlaktetopografie en 

platform-shift. Ook waren het chirurgisch en prothetisch protocol consistent. Na een 

opvolgtijd van 3, 6, 12 en 21 maanden konden geen statistisch significante verschillen 

in crestaal botverlies of implantaatoverleving worden vastgesteld. Uit dit onderzoek 

kon er worden geconcludeerd dat microwindingen en de implantaat-abutment-

connectie slechts een beperkte invloed hebben op het crestaal botverlies. Dit laatste 

is een multifactorieel proces en is meer afhankelijk van andere factoren, zoals 

biologische overwegingen, dan van het implantaatdesign. 

 

Hoofdstuk 4 

Wanneer een abutment met een kleinere diameter op een implantaat met een 

grotere diameter wordt geplaatst, verschuift de grens van de implantaat-abutment 

connectie naar de centrale as van het implantaat. Dit concept wordt `platform 

shifting` genoemd en resulteert in een verplaatsing van het inflammatoire cel 

infiltraat weg van het crestale bot, wat op zijn beurt crestaal botverlies verminderd. 

In Studie II werden achtenveertig patiënten (30 vrouwen, 18 mannen) geïncludeerd 

waarbij achtereenvolgens 115 implantaten werden geplaatst. Negenendertig procent 

van de implantaten had een diameter van 5 mm, waardoor een platform-shift 

mogelijk was met een prothetische component van 4 mm breed; 61% van de 

implantaten had een diameter van 4 mm met een prothetische component van 4 mm 

en dus geen platform-shift. Na een follow-up van 1 jaar was er een 

implantaatoverleving van 100% en een crestaal botverlies van 0,73 mm (SD: 0,13). Er 
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was een statistisch significant verschil tussen implantaten met een platform-shift 

(0,63 mm; SD: 0,18) en deze zonder platform-shift (1,02 mm; SD: 0,14). Een 

bijkomende bevinding van deze studie was dat implantaten, geplaatst in een beperkt 

botvolume, meer crestaal botverlies vertoonden dan implantaten, geplaatst in 

adequaat botvolume. Dit laatste toont het effect van implantaat site-specifieke 

factoren aan. 

 

Hoofdstuk 5 

Het is bewezen dat de implantaatoverleving van implantaten met een gemiddeld ruw 

oppervlak superieur is aan deze met een minimaal ruw oppervlak. Toch suggereert 

de recente literatuur dat een minimaal ruw implantaatoppervlak op de lange termijn 

minder crestaal botverlies en minder peri-implantitis vertoont. Een hybride 

implantaatoppervlak zou deze twee voordelen kunnen combineren. In Studie III 

ontving elke patiënt twee implantaten waarvan één gemiddeld ruw implantaat (Sa: 

1,4 μm) over de gehele lengte en één hybride oppervlakte-implantaat (gemiddeld ruw 

midden en apicale gedeelte (Sa: 1,4 μm) en een minimaal ruwe implantaathals (Sa: 0,8 

μm)). Naast het verschil in implantaatoppervlak zijn de twee implantaten identiek. 

Tweeënveertig implantaten werden geplaatst bij 21 patiënten en er waren geen 

falingen na 1 jaar in functie. Uit deze RCT kan worden geconcludeerd dat er geen 

verschil is in initieel crestaal botverlies tussen hybride en gemiddeld ruwe 

implantaatoppervlakten na 1 jaar. Implantaten met een hybride oppervlak kunnen dus 

worden beschouwd als een betrouwbaar behandelingsalternatief. Zeker bij hoog 

risicopatiënten zou het minimaal ruwe oppervlakte een groot voordeel kunnen zijn. 

Langetermijnstudies die het effect van dit implantaatoppervlak op de prevalentie van 

peri-implantitis onderzoeken zijn echter nog vereist.  

 

Hoofdstuk 6 

De eerder besproken studies beschreven de invloed van het implantaat macro- en 

microdesign op het initieel crestaal botverlies. Toch zijn de hoofddoelen van een 

implantaatbehandeling een implantaatoverleving en stabiele crestale botniveaus op 

de lange termijn. Het doel van Studie IV was om de lange-termijn resultaten van 
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onmiddellijk belastte implantaten met een geïntegreerde platform-shift en nano-

oppervlakte topografie te analyseren. Een totaal van 111 implantaten, geplaatst in 40 

patiënten werden geëvalueerd na 6 jaar in functie. Slechts 1 implantaat faalde, 3 

maanden na plaatsing, resulterend in een overlevingspercentage van 99,1% en een 

beperkt crestaal botverlies van 0,35 mm werd gemeten. Peri-implantaatinfectie, 

geassocieerd met excessief botverlies van meer dan 2 mm, werd slechts aangetroffen 

rond 1 implantaat en cementresten konden worden geïdentificeerd als oorzaak. Dit 

laatste suggereert dat implantaatbehandelingen voorspelbaar kunnen zijn op lange 

termijn, indien het initieel crestaal botverlies beperkt is. 

 

Hoofdstuk 7 

Niet alleen het implantaatdesign beïnvloedt de uitkomst van de 

implantaatbehandeling. Factoren, eigen aan de implantaat site hebben ook een effect 

op het initiële crestaal botverlies. Het doel van Studie V was om de invloed van de 

tandvleesdikte bij implantaatplaatsing (beperkt (<3 mm) versus voldoende (≥3 mm)) 

en het botvolume (adequaat versus beperkt botvolume) op de initiële bot 

remodellage te evalueren. De implantaten werden zowel immediaat (plaatsing van 

het implantaat onmiddellijk na tandextractie) als vertraagd (geplaatst in volledig 

geheelde site) geplaatst en onmiddellijk na het plaatsen werden de implantaten 

belast. Zevenenzestig patiënten kregen 133 implantaten waarvan 56 geplaatst in 

geheelde sites. Indien er voldoende botvolume aanwezig is en er voldoende primaire 

stabiliteit wordt bereikt, kan onmiddellijke belasting voorspelbaar zijn. Toch zijn 

implantaten geplaatst in geheelde sites waar het tandvlees dun is, meer vatbaar voor 

initieel crestaal botverlies en dit als gevolg van het instellen van de biologische 

breedte. 

Hoofdstuk 8 

In de algemene discussie werden de verschillende hoofdstukken kritisch bekeken en 

vergeleken met de huidige literatuur. Dit leidde tot de volgende conclusies:  
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- Implantaatoverleving: op basis van de hoge overlevingspercentages vermeld in 

deze thesis, lijkt de osseointegratie van een implantaat voorspelbaar te zijn indien 

gemiddeld ruwe of oppervlakte gemodificeerde implantaten worden gebruikt. En dit 

bij de meeste patiënten, ongeacht het behandelingsprotocol. Daarom kunnen 

onmiddellijke plaatsing en onmiddellijke belasting als mogelijke 

behandelingsalternatieven worden beschouwd. Toch moet voorzichtigheid geboden 

worden bij het overwegen van deze protocollen. Een strenge selectie van patiënten/ 

implantaatsite lijkt noodzakelijk om een goed klinisch resultaat te bereiken. Nazorg 

en gecontroleerde belasting lijkt een essentiële voorwaarde voor succes. 

- Het effect van het implantaat macro-design op de initiële implantaatuitkomst: uit 

dit proefschrift kan worden geconcludeerd dat het implantaat macro-design een 

beperkte invloed heeft op de initiële crestale botstabiliteit. Alleen `platform-shifting` 

blijkt een botbehoudend effect te hebben. Crestaal botverlies is een multifactorieel 

proces en biologische overwegingen die belangrijker zijn dan het design van het 

implantaat. 

- Implantaatoppervlak en initieel crestaal botverlies: zowel minimaal als gemiddeld 

ruwe implantaatoppervlakken zijn in staat om stabiele crestale botniveaus te 

handhaven. Een minimaal ruw oppervlak zou minder vatbaar zijn voor het 

ontwikkelen van peri-implantitis, maar de osseointegratie van een implantaat met een 

gemiddeld ruw oppervlak is superieur. Hybride oppervlakte-implantaten kunnen deze 

voordelen combineren wat voornamelijk nuttig kan zijn bij risicopatiënten. 

- Lange termijn evaluatie van het implantaatmacro - en microdesign: in tegenstelling 

tot de initiële crestale botremodellage, wordt laat, progressief crestaal botverlies niet 

beïnvloed door het macro-design van het implantaat. Peri-implantitis of andere 

externe factoren, zoals cementresten, kunnen een dergelijk progressief crestaal 

botverlies veroorzaken en dit komt slechts sporadisch voor. 

- Het effect van implantaat site-specifieke factoren op de initiële 

implantaatuitkomst: implantaat site-specifieke factoren zoals tandvleesdikte en 

botvolume beïnvloeden het crestaal botverlies. Het is aan de chirurg om hiermee 
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rekening te houden en de biologisch bepaalde implantaatpositie te respecteren. In 

het geval van dun tandvlees of beperkt botvolume, kan een tandvleestransplantatie, 

geleide botregeneratie of de keuze voor een implantaat met een smallere diameter 

geïndiceerd zijn.  
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Het schrijven van een doctoraatsthesis doe je niet alleen. Deze paragraaf zou ik 

daarom willen wijden aan de mensen die rechtstreeks of onrechtstreeks bijgedragen 

hebben om dit werk tot een goed einde te brengen. Dit dankwoord is dan ook een 

ideale gelegenheid om even stil te staan en je de vraag te stellen: “Hoe en door wie 

ben ik ooit zo ver geraakt?” 

Vooreerst zou ik Prof. Dr. H. De Bruyn willen bedanken. Beste Hugo, de kansen en 

het vertrouwen die ik van jou heb gekregen zijn onbetaalbaar. Hoewel ik nog groen 

achter de oren was, stuurde je me als laatstejaarsstudent tandheelkunde, naar 

Zweden om onderzoek te gaan doen. Deze eerst trip naar Falun heeft ervoor gezorgd 

dat ik de research-microbe goed te pakken kreeg. Ook tijdens het verdere verloop 

heb ik veel aan je gehad. Eerst als Prof. Dr. H. De Bruyn, tijdens mijn specialisatiejaren 

als `de prof` en nu als Hugo. Je liet me over al die jaren mijn eigen ding doen maar ik 

kon steeds op jou rekenen als het nodig was. Ik dank je dan ook voor je aanstekelijke 

enthousiasme, je onovertroffen motivatie en werklust die me doorheen mijn 

opleiding en dit doctoraat hebben geloodst. Zonder jou was dit niet gelukt!  

Dear Prof. Dr. Östman, dear PO, it all started 5 years ago, when I undertook my first 

trip to the North. I will never forget this first time in Falun. You made me your famous 

kötbullar (way better than Ikea), lent me your daughter as a personal driver (thanks 

Sara) and brought me the occasional beer when I was performing X-ray 

measurements in the cabin, next to your house. The latter resulted quickly in my first 

paper and over the next years, you gave me the chance to conduct several research 

projects. I always felt welcome at your practice and at your house, thank you for your 

hospitality. Tack tusen gånger! 

Verder wil ook Dr. Stijn Vervaeke bedanken. Toen Hugo deels naar Nederland trok 

werd jij de voorbije maanden officieel co-promotor van mijn doctoraat. Echter, 

doordat je zo nauw betrokken was bij de verschillende papers was dit maar een kleine 

formele stap. Bedankt om me bij te staan tijdens mijn opleiding en doctoraat en me 

in het bijzonder te begeleiden bij het finaliseren van dit werk.  
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Ook zou ik graag alle andere mensen bedanken die aan de verschillende 

onderzoeksprojecten hebben meegewerkt. Te beginnen bij de dienst uitneembare 

prothese: Carine Matthijs, Kim Vermeersch, Louis Pollaris, Pieter Muller en Hilde Van 

den Abbeele, dank je wel om de vele onderzoeks-patiënten met de grootste zorg te 

behandelen. Verder wil ik Robert-Jan Maat bedanken voor het werk dat je bij de 

MSC-studie hebt verricht. Ook Ron Doornewaard verdient een dikke merci, om de 

onderzoeks-patiënten verder mee op te volgen. Tenslotte wil ik Dr. Veronique 

Christiaens bedanken voor haar steun bij de verschillende onderzoeksprojecten.  

Verder zou ik ook al de andere collega`s en medewerkers van de P8 graag bedanken 

voor de hulp bij het verwezenlijken van dit werk. Wendy, Christine, Ingeborg en in 

het bijzonder Patsy, dank je wel om alles op de werkvloer in goede banen te leiden! 

Ook Bas en Marleen wil ik bedanken voor de hulp bij het organiseren van dit 

symposium.  

Tevens wens ik de leden van de jury te bedanken. Prof. Dr. Gerry Raghoebar, Prof. 

Dr. Andy Temmerman, Prof. Dr. Peter De Coster, Prof. Dr. Linda Van Den Berghe, 

Prof. Dr. Stefaan Vandeweghe, Prof. Dr. Jan Cosyn en Prof. Dr. Luc Martens, bedankt 

voor jullie kritische en constructieve bijdrage aan dit werk.  

Ook de industriële partners kunnen niet ontbreken in mijn dankwoord. Niet enkel 

jullie professionele steun maar ook jullie enthousiasme en vertrouwen hebben 

bijgedragen tot onze vlotte samenwerking. 

Beste vrienden, ook jullie verdienen hier een vermelding. Het is zalig om te zien hoe 

ieder van ons zijn eigen weg uitgaat en zijn eigen projecten onderneemt. Toch weten 

we dat we op elkaar kunnen blijven rekenen. Ik dank jullie om er te zijn, voor de vele 

pintjes die we samen nuttigen en voor de ontspanning die ik tijdens het schrijven van 

dit werk toch goed kon gebruiken. De boog hoeft niet altijd gespannen te staan. 

Bovenal zou ik graag mijn ouders bedanken voor al de kansen en de steun die ik heb 

gekregen en nog steeds krijg. Ik kan steeds op jullie terugvallen en dit geeft me de 

mogelijkheid om samen met Laure alles te ondernemen wat we maar willen. Ooit 

gaven jullie me de raad: Houdt op vlak van studies al je opties open zolang je kan. Dit 
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zorgde ervoor dat ik mijn ingangsexamen heb gedaan. Later volgde ik deze raad 

opnieuw op en werd aanvaard voor mijn specialisatie en zie nu, nu heb ik een 

doctoraat afgeleverd… Dank jullie voor alles, dit zou zonder jullie nooit gelukt zijn. 

Liefste broers en zus, ook jullie wil ik bedanken voor jullie steun. Pieter en Nele, jullie 

gaven me van jongs af aan het goede voorbeeld en zorgden ervoor dat de lat steeds 

hoog lag zodat ik net als jullie ook dr. Glibert kan genoemd worden. Ook Adriaan 

verdient een speciale vermelding. Als jongste van de vier zou je denken dat jij het 

kakkernestje bent, maar niets is minder waar. Je doet heel veel voor onze familie en 

we kunnen je steeds alles vragen. Bovendien sta je ons allemaal bij met je grafische 

en computer skills, soms tot vervelens toe. Ook voor de lay-out van dit doctoraat 

mocht ik op je rekenen. 

Verder wil ik ook de rest van de familie niet vergeten. Lien, Rudolf, Cato, Brigitte, 

Jozef, Nils en Tine. In drukke tijden zoals deze, zie je op wie je echt kan rekenen en 

met zoveel mensen achter ons kan het niet misgaan. Dank je wel om er voor ons te 

zijn en voor jullie steun. Ook Jeanne, Andreas, Alma en Manon wil ik graag bedanken. 

Als de zonneschijntjes van onze familie doen jullie al dit werk snel relativeren.  

Om mee te eindigen, zou ik graag de belangrijkste persoon uit mijn willen leven 

bedanken. Laure, eerst en vooral wil zeggen hoe trots ik ben op zo een sterke en 

ondernemende vrouw. Ik ben dan ook heel dankbaar dat je jouw ambitie en werkijver 

op mij overzet en we zo samen vooruitgaan. De laatste maanden waren hectisch en 

met de bouw, verbouwingen en de komst van ons eerste kindje zal dit wel nog even 

doorgaan. Maar samen staan we sterk en zolang we elkaar hebben, lukt dit wel. Liefje, 

ik zou je tenslotte willen bedanken om er voor mij te zijn, voor je lach en de kleine 

dingen die elke dag beter maken. Ik zie je graag, jij bent mijn alles!  
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