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Chapter 1
General introduction

General Introduction

1. Background
Endosseous implants, commonly made of commercially pure titanium (Ti), are a widely
used treatment modality in both dentistry (oral implants) and orthopedics (hip and
knee replacement) as also in reconstructive surgery (LeGeros and Craig 1993) Metallic
implants must successfully fulfill several criteria arising from the special demands of
function (Balazic et al 2007; Liu et al 2004; Niinomi M 2008). These criteria include,
biocompatibility, excellent mechanical properties to withstand functional forces, good
corrosion resistance and optimal soft tissue adaptation. The final goal for these implants
is rigid osseous fixation (osseointegration), which is characterized by direct boneimplant-contact without intervening fibrous tissue layer (Albrektsson et al 1981).
Parameters considered essential for implant survival include 1) host bone quantity and
quality (Sevimay et al. 2005, and Lekholm & Zarb 1985); 2) surgical technique for
installation (Fnberg et al 1999, Bahat 2000, Albrektsson 2001); 3) implant hardware
(design, surface characteristics) (Sykaras et al 2000; Lee et al. 2005, O'Sullivan et al
2000; Shalabi et al 2006), and 4) loading conditions (Duyck et al. 2001; and Schwarz et
al. 2010) In order to elucidate the role of above mentioned factors in pen-implant
osteogenesis, a brief description of the healing events occurring at the bone-implant
interface will be described in the following section Thereafter, an overview of each
individual parameter will be presented.

2. Bone healing
After installation of an endosseous implant, a sequence of cellular and extracellular
healing events takes place at the bone-implant interface (Fini et al. 2004), which closely
resembles to those occurring at bone wound or fracture healing sites (Futami et al.
2000). Pen-implant healing starts with blood clot formation and an inflammatory
response. Thereafter, osteogenic cells begin to deposit bone-related proteins to form a
non-collagenous layer on the implant surface that is rich in calcium, phosphorus,
osteopontin and bone sialoprotein, quite similar to the bone cement lines and the
laminae limitans (Marco et al. 2005). This early deposition of calcified matrix is
followed by ingrowth of new woven bone Then reparative trabecular bone is formed
(Franchi et al. 2005) that ultimately remodels into lamellar bone (Chappard et al. 1999),
both providing initial biological fixation to the implant (Berglundh et al 2003). It has
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also been shown that during implant installation small bone particles are loosened and
transported into the peri-implant area. In various animal studies, histological
examinations revealed that bone fragments are interspersed between bone marrow
spaces with evident signs of remodeling of these fragments (Hayakawa et al. 2000; De
Smet et al. 2006; Franchi et al. 2004]. In peri-implant osteogenesis two directions of
bone ingrowth have been recognized: from the host bone towards the implant surface
(distant osteogenesis], and, vice versa, from the implant surface towards the host bone
(contact osteogenesis; Davies 2003).

3. Bone quality and quantity
Endosseous implant survival is based on the fixation of the implant to the surrounding
bone tissue. Bone is a dynamic, vascular, living tissue that changes throughout life. It is
mainly comprised of three types of cells (osteoblasts, osteoclasts and osteocytes),
organic extracelluar matrix (90% collageneous proteins and 10% non collagenous
proteins) and mineralized extracelluar matrix (inorganic CaP phase). Osteoblasts are
mainly responsible of synthesis, deposition and mineralization of the bone matrix and
located on the bone surface. After being trapped and surrounded by bone matrix that
they themselves produce, osteoblast transform into inactive osteocytes. Osteoclasts are
large multinucleated cells involved in bone resorption.
Bone tissue is arranged in two macro-architectural forms; 1) cortical bone (also
called compact bone) is found at the outer surfaces of the bones, 2) trabecular bone
(also known as cancellous or spongy bone) is situated in the interior of the bones and is
composed of a highly porous, spongy network of bone trabeculae. These two types of
bone are present in various proportions and geometries to form the individual bones of
the body. Based on the relative proportion of cortical to trabecular bone, maxillary and
mandibular bone is classified into four categories. Type I bone comprises homogenous,
compact bone throughout the entire jaw; Type II bone has a core of dense trabecular
bone surrounded by a thick layer of compact bone; Type III bone shows only a thin layer
of cortical bone surrounding a core of dense trabecular bone; and Type IV bone exposes
a core of low density trabecular bone surrounded by a thin layer of cortical bone
(Lekholm and Zarb 1985). Norton & Gamble proposed an alternative classification based
on the Hounsfield units, as measured with computed tomography (CT-scans). In
addition, they demonstrated that an objective scale of bone density based on
13
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Houndsfield units has a strong correlation with the 'real' bone density. As such, four
regions within the mouth were identified, acknowledging the anterior mandible as the
most dense and the posterior maxilla as the least dense: anterior mandible > anterior
maxilla > posterior mandible > posterior maxilla. Surprisingly, based on their
quantitative bone density measurements, they demonstrated that bone quality Type II
and III, as classified by Lekholm and Zarb (1985), can be combined into one group, as no
distinction can be made between these two (Norton & Gamble, 2001). The mean cortical
thickness reported for the mandible is 2.22 ± 0.47 mm and for the maxilla 1.49 ± 0.34
mm (Miyamoto et al. 2005).
The importance of patient's bone quantity and quality stems from the higher
survival rates for implant sites like the anterior region of the mandible and the lower
survival rates for locations of poor bone quality (Alsaadi et al. 2007; Khang et al. 2001;
and Adell et al. 1981). Especially, if the healing period has been shortened, such as in
immediate or early loading protocols, higher loss rates have been reported especially for
the posterior region of the maxilla (34%) as compared to other regions (9%) (Glauser et
al. 2001).

4. Implant surface characteristics
Since the implant surface is in contact with surrounding tissues immediately after
implant installation, in the past decades tremendous efforts have been put towards
improvement of the implant surface characteristics. Common modifications are
alterations in roughness (Shalabi et al. 2006) and chemistry (different organic and
inorganic coatings) (de Jonge et al. 2008). Nowadays, the smooth or turned implant
surfaces have been almost entirely replaced by modified rough surfaces obtained with
different techniques such as subtractive procedures (electropolishing, mechanical
polishing, blasting, etching, and oxidation) and additive procedures (titanium plasmasprayed (TPS), ion deposition and different calcium phosphate coatings (Wennerberg &
Albrektsson 2009). Due to wide range of roughness profiles reported in the literature,
Albrektsson & Wennerberg (2004) classified implant surfaces as: 1) smooth surfaces (Sa
value of < 0.5 μπι); 2) minimally rough surfaces (Sa value of 0.5-1 μιη); 3) moderately
rough surfaces (Sa value of 1-2 μπι), and 4) rough surfaces (Sa value of > 2 μπι). They
also reported that moderately rough implant surfaces favour peri-implant osteogenesis
better than smoother or rougher surfaces (Albrektsson and Wennerberg, 2004).
14
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However, in another systematic review, the total range of surface roughness from Ra/Sa
0.5 μπι up to 8.5 μιτι have been suggested to positively influence the bone response
around the implant (Shalabi et al. 2006).
In recent years many in vivo and in vitro studies have been performed to
understand the exact mechanism behind the superior healing response of roughened as
compared to smooth implants. Several in vitro studies demonstrated that rough surfaces
provide a favourable environment for attachment (Mustafa et al. 2000 & 2001),
differentiation and proliferation of osteoblast like cells (Lohmann et al. 2002; Martin et
al. 1995; Boyan et al. 2002) and for other biological activities, such as release of growth
factors which are involved in the bone healing process (Kieswetter et al. 1996). In
addition, rough surfaces also favour both platelets (Park and Davies, 2000; Park et al.,
2001) and monocytes adhesion (Soskolne et al., 2002) better than turned surfaces.
Many in vivo studies confirmed that the implant's surface can influence the rate
and extent of bone-implant-fixation, which is expressed by the amount of bone-toimplant contact (BIC). Rough surfaces might be considered 'osteophilic' as the final
outcome of the healing process may highly depend on implant's surface characteristics
(Abrahamsson et al. 2004). It has been demonstrated that surface topography influences
bone response at the micrometer level. In addition, a number of indications exist that
surface topography influences bone response at the nanometer level (Wennerberg &
Albrektsson 2009). As an example, even in poor bone quality sites, implants with an
acid etched surface (Osseotitelzl, Implant Innovations, Inc., Palm Beach Gardens, FL, USA;
OSS group) can achieve a significantly higher BIC as compared to implants with a
machined surface (Weng et al, 2003 , Veis AA

et al, 2007).

Clinical studies also

confirmed that surface roughened implants have a five times low failure rate (3.2%) as
compared to machined surface implants (15.2%) (Khang et al, 2001).

5. Surgical technique
The critical importance of surgical technique for implant installation arises from many
previous clinical studies. For example, to overcome high failure rates for sites with low
quality of bone as may be present in the maxilla, only modification of the surgical
protocol can increase success rates up to 93-97% (Friberg et al. 1999; Bahat et al. 2000).
In both studies, original Brânemark implants, that were neither surface
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oxidized, or coated were used, however, only the surgical routine was modified. As
Friberg (1999) adopted a surgical procedure in which final drill diameter was smaller
compared to the diameter of the implant, Bahat et al. (2000) preferred the drilling of the
implant hole shorter in length compared to the implant length. Both, independently,
concluded that the surgical technique is of fundamental importance for successful
implant osseointegration.
Primary implant stability is a rigid fixation of the implant within the host bone
cavity with a micro-motion threshold of 50-150μιη and, as such, a prerequisite for
implant survival as it prevents the formation of a connective tissue layer between
implant and host bone, thus ensuring optimal bone healing (Lioubavina-Hack Ν et
al.2006; Branemark et al. 1977; Adell et al. 1981; Albrektsson et al.l981; Meredith
1998). In achieving such high primary stability, surgical technique is considered to be
one of the most important factors. Several modifications of the surgical technique have
been described to increase the primary stability of implants in bone of low density.
Besides the undersized drilling technique, which optimizes locally the bone density by
using a final drill diameter considerably smaller compared to the implant diameter
(Friberg et al. 1999), some authors propose the technique of bone condensing. Herein,
after using the pilot drill, the bone is pushed aside with implant-shaped instruments,
called "condensers", thereby increasing the density of the surrounding bone (Summers
1994). In case of insufficient bone, it is also advisable to obtain anchorage of an implant
in at least two cortices (Sennerby et al. 1992).
Correct implant placement is considered essential for appropriate healing of both
hard and soft tissue (Abrahamsson 1996). A correlation has been reported between
implant success and the responsible surgeon (Bryant SR 2000). Therefore, careful
surgical planning and execution are crucial for a successful outcome (Bahat et al. 2000),
as surgical trauma and bone quality has been associated with biological failures of
implants (Esposito et al. 1998 a, b). To shorten the treatment time and to decrease the
surgical burden on the patient, the concept of immediate and early loading has been
introduced in clinical practice. Only modified surgical techniques make immediately
loading protocols feasible, also in areas of poor quality bone (Ostman et al. 2008).
In the past years, research was mainly focussed on developing superior implant
hardware, and less attention has been paid to clinical parameters like the surgical
technique (Albrektsson 2001). Only few studies have been performed to evaluate the
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mechanical and biological effect of the undersized surgical technique Therefore, there is
a substantial need of further research to inventory the relation between surgical
technique, pen-implant stability and pen-implant osteogenesis to better understand the
fundamental role of these parameters

6. Objectives of this thesis
To obtain successful implant osteointegration, an optimal BIC is essential Although high
clinical success rates have been reported for different implant systems, implant failures
still occur especially in high risk patients like those associated with smoking,
osteoporosis, bone metabolic disorders, Crohn's disease, irradiation therapy etc Also
challenging locations like the posterior maxilla show reduced rates of success The
factors essential for pen-implant osteogenesis can be classified into four categories 1)
host bone quantity and quality, 2) surgical technique for installation, 3) implant
hardware (design, surface characteristics) and 4) loading conditions
The aim of the current thesis is to investigate the role of the surgical technique and
surface roughness and their interrelation in the process of pen-implant bone formation
In the current thesis, following questions will be answered
•

How do the surgical technique and surface roughness influence the primary
stability of an implant in low density bone 7

•

What is the effect of the surgical technique and surface roughness on the
primary stability of an implant in bone of different qualities (as described by
Lekholm and Zarb)7

•

Is there a biological limit for the undersized surgical technique, which is
commonly employed to achieve a higher primary stability7

•

How does surface roughness affect the displacement of osteogenic bone
particles during placement of titanium implants 7

•

Has the applied surgical technique, besides an effect on primary stability, also
an effect on the amount and osteogenic response of bone particles, which are
translocated during implant installation7

•

What is the exact role of the transloacted and transplanted bone particles in
the process of pen-implant bone formation7
17
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•

Can autogenous bone particles be coated onto the implant surface and what
are the potential clinical applications of such "bone coated" implants?

18

Chapter 1

References
1. Abrahamsson I, Berglundh T, Under E, Lang NP, Lindhe J. Early bone formation
adjacent to rough and turned endosseous implant surfaces. An experimental study
in the dog. Clin Oral Implants Res 2004 Aug;15(4):381-92.
2. Abrahamsson I, Berglundh T, Wennstrom J, Lindhe]. The peri-implant hard and soft
tissues at different implant systems. A comparative study in the dog. Clin Oral
Implants Res 1996 Sep;7(3):212-9.
3. Adell R, Lekholm U, Rockier B, Branemark PI. A 15-year study of osseointegrated
implants in the treatment of the edentulous jaw. Int ) Oral Surg 1981
Dec;10(6):387-416.
4. Albrektsson Τ, Branemark PI, Hansson HA, Lindstrom J. Osseointegrated titanium
implants. Requirements for ensuring a long-lasting, direct bone-to-implant
anchorage in man. Acta Orthop Scand 1981;52(2):155-70.
5. Albrektsson Τ, Wennerberg A. Oral implant surfaces: Part 1-review focusing on
topographic and chemical properties of different surfaces and in vivo responses to
them. Int J Prosthodont 2004 Sep-2004 Oct 31;17(5):536-43.
6. Albrektsson T. Is surgical skill more important for clinical success than changes in
implant hardware? Clin Implant Dent Relat Res 2001;3(4):174-5.
7. Alsaadi G, Quirynen M, Komarek A, van Steenberghe D. Impact of local and systemic
factors on the incidence of oral implant failures, up to abutment connection. J Clin
Periodontal 2007 Jul;34(7):610-7.
8. Bahat 0. Branemark system implants in the posterior maxilla: clinical study of 660
implants followed for 5 to 12 years. Int J Oral Maxillofac Implants 2000 Sep-2000
Oct31;15(5):646-53.
9. Balazic M, J. Kopac, J. M. Jackson, and W. Ahmed. Review: titanium and titanium
alloys in medicine. Int J. Nano Biomater. 1:3-34 (2007).
10. Berglundh Τ, Abrahamsson I, Lang NP, LindheJ. De novo alveolar bone formation
adjacent to endosseous implants. Clin Oral Implants Res 2003 Jun,14(3):251-62.
11. Boyan BD, Bonewald LF, Paschalis EP, Lohmann CH, Rosser J, Cochran DL, Dean DD,
Schwartz Ζ, Boskey AL. Osteoblast-mediated mineral deposition in culture is
dependent on surface microtopography. Calcif Tissue Int 2002 Dec;71(6):519-29.

19

General Introduction

12. Boyan BD, Lossdorfer S, Wang L, Zhao G, Lohmann CH, Cochran DL, Schwartz Ζ.
Osteoblasts generate an osteogenic microenvironment when grown on surfaces
with rough microtopographies. Eur Cell Mater 2003 0ct24;6-22-7
13. Branemark PI, Hansson BO, Adell R, Breine U, Lindstrom J, Hallen 0, Ohman A.
Osseomtegrated implants in the treatment of the edentulous jaw Experience from
a 10-year period. ScandJ Plast Recensir Surg Suppl 1977;16:1-132.
14. Chappard D, Aguado E, Hure G, Gnzon F, Basle MF. The early remodeling phases
around titanium implants- a histomorphometnc assessment of bone quality in a 3and 6-month study in sheep Int J Oral Maxillofac Implants 1999 Mar-1999 Apr
30;14(2):189-96.
15. Cooper, L.F. (2000) A role for surface topography in creating and maintaining bone
at titanium endosseous implants. Review. Journal of Prosthetic Dentistry 84: 522534.
16.Davies JE Understanding pen-implant endosseous healing J Dent Educ 2003
Aug;67(8):932-49.
17.de Jonge LT, Leeuwenburgh SC, Wolke JG, Jansen JA. Organic-inorganic surface
modifications for titanium implant surfaces. Pharm Res 2008 Oct,25(10):2357-69.
18. De Smet E, Jaecques SV, Wevers M, Jansen JA, Jacobs R, Sloten JV, et al. (2006). Effect
of controlled early implant loading on bone healing and bone mass in guinea pigs,
as assessed by micro-CT and histology Eur J Oral Sci 114-232-242
19. Duyck J, Ronald HJ, Van Oosterwyck H, Naert I, Vander Sloten J, Ellmgsen JE The
influence of static and dynamic loading on marginal bone reactions around
osseomtegrated implants: an animal experimental study. Clin Oral Implants Res
2001 Jun,12(3).207-18.
20. Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological factors contributing to
failures of osseomtegrated oral implants. (I) Success criteria and epidemiology Eur
J Oral Sa 1998 Feb; 106(1):52 7-51
21. Esposito M, Hirsch JM, Lekholm U, Thomsen Ρ Biological factors contributing to
failures of osseomtegrated oral implants. (II) Etiopathogenesis Eur J Oral Sci 1998
J un, 106(3) 721-64.
22 Fini M, Giavaresi G, Torricelli Ρ, Borsari V, Giardino R, Nicolmi A, Carpi A.
Osteoporosis and biomatenal osteomtegration. Biomed Pharmacother 2004 Nov,
58(9)487-93.

20

Chapter 1

23. Franchi M, Bocchelli Β, Giavaresi G, De Pasquale V, Martini D, Fini M, Giardino R,
Ruggeri A. Influence of different implant surfaces on peri-implant osteogenesis:
histomorphometric analysis in sheep. J Periodontal 2007 May; 78(5):879-88.
24. Franchi M, Orsini E, TrireA, Quaranta M, Martini D, Piccar; GG, Ruggeri A, Ottani V.
Osteogenesis and morphology of the peri-implant bone facing dental implants.
ScientiflcWorldJournal 2004;4:1083-95.
25. Friberg B, Sennerby L, Grondahl K, Bergstrom C, Back T, Lekholm U. On cutting
torque measurements during implant placement: a 3-year clinical prospective
study. Clin Implant Dent Relat Res 1999;l(2):75-83.
26. Fatami Τ, Fujii Ν, Ohnishi Η, Taguchi Ν, Kusakari Η, Ohshima Η, Maeda Τ. Tissue
response to titanium implants in the rat maxilla: ultrastructural and histochemical
observations of the bone-titanium interface. J Periodontal 2000 Feb;71(2):287-98.
27. Glauser R, Ree A, Lundgren A, Gottlow J, Hammerle CH, Scharer P. Immediate
occlusal loading of Branemark implants applied in various jawbone regions: a
prospective, 1-year clinical study. Clin Implant Dent Relat Res 2001;3(4):204-13.
28. Hayakawa T, Yoshinari M, Nemoto K, Wolke JG, Jansen JA (2000). Effect of surface
roughness and calcium phosphate coating on the implant/bone response. Clin Oral
Implants Res 11:296-304.
29. Khang W, Feldman S, Hawley CE, Gunsolley J. A multi-center study comparing dual
acid-etched and machined-surfaced implants

in

various

bone qualities. J

Periodontal 2001 Oct;72(10):1384-90.
30. Kieswetter Κ, Schwartz Ζ, Nummert TW, Cochran DL, Simpson J, Dean DD, Boyan
BD. Surface roughness modulates the local production of growth factors and
cytokines by osteoblast-like MG-63 cells. J Biomed Mater Res 1996 Sep;32(l):55-63.
31. Lee JH, Frias V, Lee KW, Wright RF. Effect of implant size and shape on implant
success rates: a literature review. J Prosthet Dent 2005 Oct;94(4):377-81.
32. Lekholm, U. & Zarb, G.A. (1985) Patient selection, and preparation. In: Branemark,
P.-l., Zarb, G.A., Albrektsson, T., eds. Tissue Integrated Prostheses: Osseointegration
in Clinical Dentistry, 199-209.
33. LeGeros RZ, Craig RG. Strategies to affect bone remodeling: osteointegration. J Bone
Miner Res 1993 Dec;8 Suppl 2:5583-96.
34. Lioubavina-Hack N, Lang NP, Karring T. Significance of primary stability

for

osseointegration of dental implants. Clin Oral Implants Res 2006Jun;l 7(3):244-50.
21

General Introduction

35. Liu X, Chu PK, and Ding C. Surface modification of titanium, titanium alloys, and
related materials for biomedical applications. Mater. Sei. Eng. R47 49-121 (2004)
36 Lohmann CH, Tandy EM, Sylvia VL, Hell-Vocke AK, Cochran DL, Dean DD, Boyan BD,
Schwartz Z. Response of normal female human osteoblasts (NHOst) to 17betaestradiol is modulated by implant surface morphology. J Biomed Mater Res 2002
Nov;62(2):204-13.
37. Marco F, Milena F, Gianluca G, Vittoria 0. Pen-implant osteogenesis m health and
osteoporosis. Micron 2005;36(7-8):630-44.
38. Martin JY, Schwartz Z, Hummert TW, Schraub DM, Simpson J, Lankford J ]r, Dean
DD, Cochran DL, Boyan BD. Effect of titanium surface roughness on proliferation,
differentiation,

and protein synthesis of human osteoblast-like cells (MG63). J

Biomed Mater Res 1995 Mar;29(3):389-401.
39. Meredith, N. (1998) Assessment of implant stability as a prognostic

determinant

International Journal of Prosthodontics 11-491-501.
40 Miyamoto I, Tsuboi Y, Wada E, Suwa H, Iizuka T. Influence of cortical bone thickness
and implant length on implant stability at the time of surgery-clinical,

prospective,

biomechamcal, and imaging study Bone 2005 Dec;37(6):776-80.
41. Mustafa K, Wennerberg A, Wroblewski J, Hultenby K, Lopez BS, Arvidson K.
Determining

optimal

surface roughness of Ti0(2)

material for attachment, proliferation

blasted titanium

and differentiation

implant

of cells derived from

human mandibular alveolar bone. Clin Oral Implants Res 2001 0ct,12(5):515-25.
42. Mustafa K, Wroblewski J, Hultenby K, Lopez BS, Arvidson K. Effects of titanium
surfaces blasted with Ti02 particles on the initial attachment of cells derived from
human mandibular bone. A scanning electron microscopic and histomorphometnc
analysis. Clin Oral Implants Res 2000 Apr;l 1 (2):116-28.
43 Nnnomi M

Mechanical biocompatibilities

of titanium

alloys for

biomedical

applications J Mech. Behav Biomed. Mater 1 -30-42 (2008)
44 Norton MR, Gamble C. Bone classification: an objective scale of bone density using
the computerized tomography scan Clin Oral Implants Res 2001 Feb; 12(1). 79-84.
45. Ostman PO, Hellman M, Sennerby L Immediate occlusal loading of implants in the
partially edentate mandible, a prospective 1-year radiographic and 4-year clinical
study Int J Oral Maxillofac Implants 2008 Mar-2008 Apr 30,23(2):315-22.

22

Chapter 1

46. O'Sullivan D, Sennerby L, Meredith N. Measurements comparing the initial stability
offive designs of dental implants: a human cadaver study. Clin Implant Dent Relat
Res 2000;2(2):8S-92.
47. Park, J. Y. & Davies, J.E. (2000) Red blood cell and platelet interactions with titanium
implant surfaces. Clinical Oral Implants Research 11: 530- 539.
48. Park, J.Y., Gemmell, C.H. & Davies, J.E. (2001) Platelet interactions with titanium:
modulation of platelet activity by surface topography. Biomaterials 22:2671-2682.
49. Schwarz S, Gabbert 0, Hassel AJ, Schmitter M, Seche C, Rammeisberg P. Early
loading of implants with fixed dental prostheses in edentulous mandibles: 4.5-year
clinical results from a prospective study. Clin Oral Implants Res 2010 Jan
50. Sennerby L, Thomsen P, Ericson LE. A morphometric and biomechanic comparison
of titanium implants inserted in rabbit cortical and cancellous bone. Int J Oral
Maxillofac Implants 1992 Spring;7(l):62-71.
51. Sevimay M, Turhan F, Kilicarslan MA, Eskitascioglu G. Three-dimensional finite
element analysis of the effect of different bone quality on stress distribution in an
implant-supported crown. J Prosthet Dent 2005 Mar;93(3):227-34.
52. Shalabi MM, Gortemaker A, Van't Hof MA, Jansen JA, Creugers Ν H. Implant surface
roughness and bone healing: a systematic review. J Dent Res 2006 Jun; 85(6):496500.
53. Soskoine, W.A., Cohen, S., Sennerby, L, Wennebrg, Α., Shapiro, L, 2002. The effect of
titanium surface roughness on the adhesion of money tes and their secretion of TN Ρ
α and PGE2. Clinical Oral Implants Research 13, 86-93.
54. Summers RB. A new concept in maxillary implant surgery: the osteotome technique.
Compendium 1994 Feb; 15(2): 152,154-6,158 passim; quiz 162.
SS.Sykaras N, Iacopino AM, Marker VA, Triplett RG, Woody RD. Implant materials,
designs, and surface topographies: their effect on osseointegration. A literature
review. Int J Oral Maxillofac Implants 2000 Sep-2000 Oct 31;15(5):675-90.
56. Veis AA, Papadimitriou S, Trisi P, Tsirlis AT, Parissis Ν A, Kenealy JN.
Osseointegration

of Osseotite and machined-surfaced titanium

implants in

membrane-covered critical-sized defects: a histologic and histometric study in dogs.
Clin Oral Implants Res 2007 Apr;18(2):153-60.
57. Weng D, Hoffmeyer M, Hurzeler MB, Richter EJ. Osseotite vs. machined surface in
poor bone quality. A study in dogs. Clin Oral Implants Res 2003 Dec;14(6):703-8.
23

General Introduction

58. Wennerberg A, Albrektsson T. Effects of titanium surface topography on bone
integration: a systematic review. Clin Oral Implants Res 2009 Sep;20 SuppI 4:17284.

24

Chapter 2

Chapter 2
Influence of the surgical technique and surface roughness on
the primary stability of an implant in artificial bone with a
density equivalent to maxillary bone: a laboratory study
Tabassum, Α., Meijer, G.J., Wolke, J.G.C., Jansen, JA.
Clinical Oral Implants Research 20:327-332 (2009)

25

Influence of surgical technique on primary stability

1. Introduction
Since the early 1970s, endosseous dental implants have become an important treatment
modality in restorative dentistry. Despite progress in material and implant design, the
potential for clinical failure is a significant concern for both dentists and patients.
Although the current survival rate has been reached more than 95% in implant
sites like the anterior region of the mandible, implant loss is still considerable in other
locations of poor bone quality (Branemark et al.1977; Adell et al. 1990; Ahlqvit et
al.1990; Jaffin & Berman 1991; Testori et al. 2001). Especially, if the healing period has
been shortened, such as in immediate or early loading protocols, higher loss rates have
been reported especially for the posterior region of the maxilla (34%) as compared to
other regions (9%) (Glauser et al.2001). This difference may be explained by variations
in local anatomy and morphology of bone. For example, compared to the maxilla, the
mandible shows a higher ratio of compact to cancellous bone (Adell et al.1981; Lazzara
etal.1996).
Primary implant stability

is a prerequisite for implant survival, thereby

preventing the formation of a connective tissue layer between implant and bone, thus
ensuring bone healing (Lioubavina-Hack Ν et al.2006; Branemark et al. 1977; Adell et al.
1981; Albrektsson et al.1981; Meredith 1998). Not only the quantity and quality of bone
dictate primary stability, also the surgical technique (relation between drill size and
implant size) and the combination of the microscopic and macroscopic morphology of
the implant itself are decisive parameters (Sennerby & Roos 1998; Butcher et al. 2003;
Saadoun et al. 2004; O'Sullivan et al. 2004; Sevimay et al. 2005; Adell et al 1981, Zarb &
Schmitt 1990).
Optimal implant stability is especially essential in bone of low density (Listgarten
1997; Martinez et al.2001). Several modifications of surgical technique have been
described to increase the primary stability of implant in bone of low density. Some
authors suggest to use a final drill diameter, that is smaller compared to the diameter of
the implant (Friberg et al. 2001; 2002), others propose the technique of bone
condensing. Herein, after using the pilot drill, the bone is pushed aside with awl-shaped
instruments, called "condensers", thereby increasing the density of the surrounding
bone (Summers, R.B. 1994a, 1994b, 1994c). In case of insufficient bone density, it is
advisable to seek anchorage of an implant in at least two cortices (Sennerby et al.1992).
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Besides surgical technique, implant surface parameters have their significant
influence on primary implant stability Many studies already have been demonstrated
that rough surfaces, by enlarging the implant area in contact with the host bone, favor
primary stability (Vercaigne et al. 1998, Hansson et al. 1999). Also, mechanical
evaluation of bone anchorage, as obtained by push-out, pull-out, and torque testing,
demonstrated almost unanimously that surface roughness is important to obtain a good
mechanical fixation of the implant in the surrounding bone (Wennerberg et al. 1996a, b;
Han et al 1998) In addition, surface topography and roughness positively affect the
healing processes, encouraging favorable cellular responses by means of protein surface
and cell surface interactions (Borsari et al 2005; Cochran et al. 1996, 1998; Mustafa et
al 2000;Wengetal 2003).
Although many authors stress the importance of both the surgical procedure, as
the surface roughness in relation to implant stability, only few studies address their
mutual interrelation Therefore, the aim of our study is to determine the relationship
between surgical technique and surface roughness on primary implant stability of an
implant especially m bone of low density. Clinical relevance of the study can be
demonstrated by the observation that the highest frequency of implant failure occur in
jaws with poor bone quality, as often is the case in the maxilla. (Glauser et al, 2001;
Alsaadietal, 2007).

2. Materials and methods
2.1 Implants
Eighty tapered, conical, screw-shaped dental implants (Biocomp® Industries, Vught, the
Netherlands) were used. All implants measured 10mm in length and 4.6mm in diameter
(Figure 1) Two different surfaces, machined versus roughened (by grit-blasting and
additional acid etching) were tested A Universal Surface Tester (USTs, Innowep GmbH,
and Wûrzburg, Germany) was used to characterize the surface topographies of the
implants This equipment includes a diamond stylus, consisting of a 60° cone, which is
moved across the surface with a load of 1 mN. For the topographical analysis of the
implants, for each group, the threaded area of three screws was selected. Subsequently,
their roughness (Ra) was measured
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I

Figure 1. Biocomp® a) acid etched and b) machined implants were used.

2.2 Bone specimens
Solid rigid polyurethane blocks (Sawbones® Pacific Research Laboratories, Inc.
Washington USA] were used as an alternative for human cancellous bone (Fig.2). As the
mean bone mineral density for posterior maxilla is O.Blg.cnr3 and for anterior maxilla is
O.SSg.cnv3 (Delvin et al. 1998), blocks with corresponding densities were selected
(group A; bone density = 0.32g/cc, for group B: bone density = 0.48g/cc].

fif
Figure 2. Polyurethane synthetic bone blocks (Sawbones®).
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2.3 Implant installation
All bone cavities were prepared with a gentle surgical technique using a dental drill
(KaVo EWL Dental GmbH, Biberach, Germany) at a rotational speed of 800 rpm together
with copious external cooling. The drill was fixed in a drill standard. Two different
surgical approaches were applied for the installation of the implants:
Approach 1: Press-fit technique (according to the protocol of the manufacturer).
Drilling started with a round drill (diameter 3 mm), and the pilot drill (diameter 2.55
mm). Subsequently, the hole was widened by a consecutive series of drills, i.e. 3.4, 4, and
4.6 mm in diameter as mentioned on the drills by the manufacturer (real drill diameters
2.8, 3.4 and 4.0 mm respectively). The implants were installed using a Digital® torque
gauge instrument (MARK- 10 Corporation, New York, NY, USA) in order to measure the
torque-in value.
Approach 2: Undersized technique. The same sequence of drills was used as for
approach 1. However, the final drill (4.6 mm) was skipped. This resulted in a 3.4 mm
diameter cavity in which a 4.6 mm diameter implant was installed.

2.4 Mechanical testing
A: Insertion torque measurements: During installation the peak insertion torque was
measured for all implants using a Digital® torque gauge instrument (MARK-10
Corporation, New York, NY, USA).
B: Removal Torque measurements:

To prepare the specimens for screw-out

measurements, all samples were placed on a support jig. As this jig can be adapted in all
directions, a direction of removal torque was chosen longitudinal on the implant.
Subsequently, until loosening, a slowly increasing torque (displacement; 0.5 mm/min)
was gradually applied to each implant.

2.5 Statistical analysis
Mean insertion and removal torque values and standard deviations (SD) were
calculated. One-way analysis of variance (ANOVA) was used for comparing the
differences between groups. All calculations were performed with the GraphPad® Instat
3.05 software (GraphPad Software Inc., San Diego, CA, USA). Differences were
considered as significant when P<0.01.
29

Influence of surgical technique on primary stability

3. Results
3.1 Surface roughness measurements
Surface topographic evaluation (Table 1) demonstrated that the machined surface
showed an average surface roughness (Ra=0.45 μιτι), which was significantly lower than
the etched surface (Ra=1.47 μπι). The values for the parameter Rsk showed that the both
surfaces had a positively skewed surface, implicating that both surfaces consisted of
more peaks than valleys. Although the data indicated that the etched implants had a
higher Rsk mean value, statistical testing revealed that this difference was not significant
(Table 1).

Table 1. The mean +SD value of surface roughness parameters. Amplitude parameters
(Wennerberg et al. 1996c, 1997)
Ra- the arithmetic mean of the absolute values of the surface departures from a mean
plane within the sampling area. It is measured in micrometers.
Rq- the root mean square value of the surface departures within the sample area. It has the
statistical signification as the standard deviation of the height distribution.
Rsk- the measure of the symmetry of surface deviations about the mean plane. A negatively
skewed surface has more valleys than peaks

Machined

Etched

P-value

(n=3)

(n=3)

Ra

0.45±0.32

1.47±0.54

<0.05

Äq

0.29±0.1

1.82±0.68

<0.01

Ask

0.08±0.35

0.29+0.35

>0.05

3.2 Mechanical testing
The results of insertion and removal torque measurements for group A (bone density
0.32g/cc) are shown in Table 2. Both insertion and removal torque values were
significantly higher for etched implants inserted with undersized technique, i.e.,
54.3+5.3 and 43.5±6.5 respectively. The results of insertion and removal torque
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measurements for group Β (bone density 0.48g/cc) are shown in Table 3 Insertion
torque and removal torque values were significantly higher for etched implants inserted
with undersized technique i.e., is 89 3±7 6and 58 ± 4.7 respectively.
The correlation between bone density and insertion torque is shown in Table 4.
Independent of the used surgical technique, both implants types showed an increased
mean insertion and removal torque value with increasing bone density

Table 2. The mean ±SD (Ncm) of the insertion and removal torque values for bone density
(0 32g/cc). For each group (n=l 0) and total number of implants used are 40

Group(n=10)

Torque-In

Comparison

Ρ value

(Ncm)
M a c h i n e d pressnt

24.6+1.9

Machined pressnt versus Etched pressnt

<0 0 0 1

M a c h i n e d Undersized

31.5+3.9

Machined pressm versus Machined undersized

<0.01

E t c h e d Pressfit

37 2±5.1

Machined pressnt

versus Etched undersized

<0.001

E t c h e d Undersized

54 3+5.3

Etched pressnt

versus Etched undersi/ed

<0.001

Group

Machined Undersized VerSUS Etched Undersized

<0.01

<0.001

Torqueout (Ncm)

Machined pressnt

13.911.53

Machined pressnt

versus Etched pressnt

Machined Undersized

22.9 + 7.6

Machined pressnt versus Machined undersized <0.01

Etched Pressfit

27.4 ± 6.0

Machined pressnt

versus Etched undersized

<0.001

Etched Undersized

43.516.5

Etched Pressnt

VerSUS Etched Undersized

<0.001

Machined Undersized VerSUS Etched Undersized
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Table 3. The mean ±SD (Ncm) of the insertion and removal torque values for bone density
(0.48g/cc). For each group (n=10) and total number of implants used are 40

Group (n=10)

Torque-in

Comparison

Ρ value

(Ncm)
Machined pressnt

58.0±4.7

M a c h i n e d pressfit

v e r s u s E t c h e d pressnt

<0.001

Machined Undersized

66.5±9.0

M a c h i n e d pressfit

v e r s u s E t c h e d undersi/.ed

<0.001

E t c h e d Pressfit

86.3+5.9

E t c h e d Pressnt

v e r s u s M a c h i n e d undersized

<0.001

E t c h e d Undersized

89.3±7.6

M a c h i n e d undersized v e r s u s E t c h e d undersized

<0.001

Group

Torqueout (Ncm)

Machined pressfit

37.4±1.1

Machined pressfit v e r s u s Etched pressfit

<0.001

Machined Undersized

34.0±5.0

Machined Pressfit

<0.001

Etched Pressfit

63.718.3

Etched pressnt

Etched Undersized

55 0+9.1

Machined Undersized VerSUS Etched Undersized

v e r s u s Etched undersized
v e r s u s Machined undersized

<0.001
<0.001

Table 4. Comparison between insertion torque values (Mean±SD) of bone density (BD)
(0.32g/cc and 0.48g/cc)

Group (n=10)

BD (0.32g/cc)
(Ncm)

BD (0.48g/cc)

Rvalue

(Ncm)

M a c h i n e d pressnt

24.6±1.9

58.0+4.7

<0.001

M a c h i n e d Undersized

31.5+3.9

66.519.0

<0.001

E t c h e d pressfit

37.2±5.1

86.3±5.9

<0.001

E t c h e d Undersi/ed

54.3±5.3

89.317.6

<0.001
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4. Discussion
The present study focused on the influence of implant surface parameters and surgical
technique on the primary stability of dental implants in cases of low density bone. The
combination of high implant surface roughness together with undersized bone drilling
technique resulted in the highest torque-in and out values, thus in the highest primary
stability.
Primary stability can be measured during implant placement using various
parameters, such as by measuring insertion torque, using the Periotest® or resonance
frequency analysis (RFA). Of these methods, measurement of insertion torque, i.e.
cutting resistance, provides more accurate data for estimating the primary stability of an
implantas it gives a far more objective assessment of bone density and primary stability
at the time of surgery as compared to other methods like RFA and the Periotest®
(Friberg et al.1995, Johansson & Strid 1994, Atsumi et al. 2007, Sakoh et al. 2006,
Homolkaetal.2002).
In the present study solid rigid polyurethane foam blocks were selected, that
resemble bone with a low density, such as found in the posterior maxilla. In contrast to
the use of animal or human cadaver bones, polyurethane blocks show no mutual
differences in quality and quantity, thereby reducing the number of tests needed to
present statistical differences. For example, in a comparable study using explanted
femoral condyles of goats (Shalabi et al. 2006); the standard deviations were 4 times
higher compared to our study. The results of the present 'in vitro' study are also
supported by 'in vivo' studies. For example, torque-out test were performed, 12 weeks
after implantation in the femoral condyles of goats (Shalabi et al. 2007), also showing
that the highest removal torque values were obtained for 'blasted, etched' as well for
undersized inserted implants.
Improving local bone properties by surgical means is of particular interest at sites of
reduced bone quality. Accordingly, the undersized drilling technique was introduced to
locally optimize bone density and consequently improve the primary implant stability.
The outcomes of the present study indicate that undersized drilling enhances the
primary stability. This corroborates the recent studies by Sakoh et al. (2006) who
evaluated the 'in vitro' primary stability of a conical implant and a hybrid, cylindrical
screw type implant inserted into the trabecular part of iliac bone blocks from fresh
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porcine cadavers. For both types of implants they found a statistically significant
difference between the standard preparation group and the undersized preparation
group. Furthermore, a recent study by Beer a et al. (2007) evaluated the effect of an
adapted preparation (implant diameter was 3.75 and final drill diameters were 3.0, 3.15
and 3.35) on the insertion torque of self-tapping implants in cancellous bone. They also
confirmed the beneficial effect of modified undersized drilling on primary stability
(insertion torque) of implants in less mineralized bone.
In addition, the outcomes of the current study also revealed that surface-roughened
implants have an improved primary stability. The texture of an implant's surface can
influence the rate and extent of bone-implant-fixation, which is expressed by the amount
of bone-to-implant contact (BIC). For example, in poor bone quality sites, implants with
an acid etched surface (Osseotite®, Implant Innovations, Inc., Palm Beach Gardens, FL,
USA; OSS group) can achieve a significantly higher BIC as compared to implants with a
machined surface (Weng et al. 2003; Veis AA et al. 2007). Furthermore, clinical results
suggested that surface roughened implants have 5 times low failure rate (3.2%) as
compared to machined surface implants (15.2%) (Khang et al. 2001). Rough-surfaces
have to be considered as 'osteophilic', because the rate and degree of osseointegeration
was found superior for rough- surface as compared to the machined-surface implants
(Abrahamson et al. 2004).
In the present study insertion torque showed a direct correlation with bone density.
With the increase of the bone density, irrespective of the used surgical technique, a
significant enhancement of insertion torque values was observed. Also clinical studies,
comparing insertion torques of dental implants to the mineral density of the
surrounding bone, as scored by a dental quantitative CT, confirmed this significant
positive correlation (Homolka et al. 2002 and Beer et al. 2003). On the other hand, it has
to be noticed that the difference in torque-in as well as torque-out values between
machined and etched implants decreased at increasing bone density. This observation
corroborates with clinical experience, as no differences in success rate have been
reported between machined and surface roughened implants installed in the high
density bone of the mandibular symphysis.
In view of the present study to enhance the primary stability of implant in low density
bone both parameters, i.e., surgical technique and surface parameters should be taken in
account. Bone density should not be confused with bone quality. Many more factors than
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bone density alone are contributing to bone quality, such as bone metabolism, cell turn
over mineralization, maturation, intercellular matrix, and vascularity. Another issue that
should be addressed is the difference between primary and secondary implant stability.
Primary stability of implant implicates mechanical engagement with the surrounding
bone. Secondary or biological stability, on the other hand, will be achieved through bone
regeneration and remodeling.
In conclusion, surgical technique and surface roughness have a high impact on the
primary stability of implants in low-density bone. The limitations of the present study
are the evaluation of only mechanical aspects of primary stability of implant, as in
clinical situation many biological factors may also affect the primary or early stability of
implants. Therefore, additional "in vivo" studies are needed to prove the importance of
surgical protocol and surface roughness for the primary stability and final implant
outcome.
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1. Introduction
Long-term success of dental implants in various clinical situations depends to a large
extent on the quality of the implant and bone bond (Adell et al. 1981; Albrektsson et al.
1981; Zarb & Schmitt 1990). Due to a higher ratio of compact to trabecular bone in the
mandible, implants inserted in the anterior mandible have higher survival rates than
implants placed in the posterior maxilla (Alsaadi et al. 2007; Adell et al. 1981; and
Lazzara et al. 1996). Primary implant stability is a prerequisite for implant survival, thus
preventing the formation of a connective tissue layer between implant and bone,
consequently ensuring bone healing (Lioubavina et al. 2006; Branemark et al. 1977;
Meredith 1998). The results of various clinical and experimental studies suggest that
several factors influence the primary stability of dental implants, such as 1) the quantity
and density of the bone available at the implant site (Sevimay et al. 2005), 2) the surgical
technique (the relation between drill size and implant size) (Sennerby & Roos 1998;
Buchter et al. 2003), and 3) the macroscopic and microscopic morphology of the implant
used (Saadoun et al. 2004; O'Sullivan et al. 2004; Hansson 1999).
Lekholm and Zarb (1985) classified the jawbones of the maxilla and the mandible
into four qualities. Type I bone comprises homogenous, compact bone throughout the
entire jaw; Type II bone has a core of dense trabecular bone surrounded by a thick layer
of compact bone; Type III bone shows only a thin layer of cortical bone surrounding a
core of dense trabecular bone; and Type IV bone exposes a core of low density
trabecular bone surrounded by a thin layer of cortical bone. Norton & Gamble proposed
an alternative classification based on the Hounsfield units, as measured with computed
tomography (CT-scans). They demonstrated that an objective scale of bone density
based on Houndsfield units has a strong correlation with the 'real' bone density. Four
regions within the mouth were identified with respect to bone density, with the anterior
mandible as the highest and the posterior maxilla as the lowest: anterior mandible >
anterior maxilla > posterior mandible > posterior maxilla (Norton & Gamble, 2001). In
addition, based on a quantitative bone density measurements, they demonstrated that
bone quality Type II and III as classified by Lekholm and Zarb can be combined into one
group as no distinction can be made between these two. The mean cortical thickness for
the mandible is 2.22 ± 0.47 mm and for the maxilla 1.49 ± 0.34 mm (Miyamoto et al.
2005).
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Based on above mentioned research, in the present study artificial bone blocks
were classified into three groups Group 1: without a cortical layer (only trabecular
bone) representing bone quality Type IV, Group 2. with a cortical thickness of 1 mm,
imitating bone quality Type II and III; Group 3; with a cortical thickness of 2 mm and 2.5
mm, mimicking bone quality Type I.
Bone quality and the degree of surgical trauma have both been correlated with
biological failures of implants (Esposito et al. 1998 a, b). Therefore, surgical technique is
considered to be one of the most important factors in achieving primary stability
Several modifications of the surgical technique have been described to increase the
primary stability of implants in bone of low density. Some authors suggest to use a final
drill diameter, that is smaller compared to the diameter of the implant (Fnberg et al.
2001, 2002), others propose the technique of bone condensing. Herein, after using the
pilot drill, the bone is pushed aside with implant-shaped instruments, called
"condensers", thereby increasing the density of the surrounding bone (Summers 1994).
In case of insufficient bone, it is also advisable to obtain anchorage of an implant in at
least 2 cortices (Sennerby et al 1992)
In addition, many studies have demonstrated that rough surfaces, by enlarging
the implant area m contact with the host bone, favour primary stability (Vercaigne et al
1998) Surface topography and roughness also positively affect the bone healing
process, encouraging a favourable cellular response by means of protein-surface and
cell-surface interactions (Borsari et al 2005; Weng et al. 2003; Mustafa et al. 2000;
Cochran et al. 1996,1998).
Although many authors stress the importance of issues like surgical procedures,
surface roughness and bone quality in relation to implant stability, only few studies
address their mutual interrelation Therefore, the aim of the present study was to
determine the influence of surgical technique, surface roughness, and cortical thickness
of bone on the primary implant stability.

2. Materials and methods
2.1 Implants
One hundred and sixty tapered, conical, screw-shaped dental implants (Biocomp®
Industries, Dordrecht, the Netherlands) were used. All implants measured 10 mm in
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length and 4.6 mm in diameter (Figure 1). The implants were divided into two groups
with each a different surface topography i.e. machined versus roughened (by gritblasting and additional acid etching).

Figure 1. Biocomp® a) acid etched and
h) machined implants were used.
Scanning electron microscopy (SEM)
showing the surface of acid etched and
machined implants.

A Universal Surface Tester (Innowep GmbH, Würzburg, Germany) was utilized to
characterize the surface topography of the implants. This equipment includes a diamond
stylus, consisting of a 60° cone, which was moved across the surface with a load of 1 mN.
For the topographical analysis of the implants, for each group the threaded area of 3
implants was selected and subsequently their roughness was measured.

2.2 Bone specimens
As an equivalent for jaw bone mechanical test blocks (Sawbones®; Pacific Research
Laboratories, Inc. Washington USA) were selected (Figure 2). As the mean bone mineral
density for posterior maxilla is O.Slg.cm

3

and for anterior maxilla is 0.55g.cnr 3 (Devlin

et al. 1998), polyurethane foam blocks with a bone density of 0.48g cm 3 were chosen.
Short fibre filled epoxy sheets were used as an equivalent for cortical bone (Figure 2.).
As the mean cortical thickness for the mandible is 2.22 + 0.47 mm and the mean cortical
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bone thickness for the maxilla is 1.49 ± 0.34 mm (Miyamoto et al. 2005), sheets with a
corresponding thickness were selected.
Mechanical properties of the artificial bone used are shown in Table 1.
Four different cortical thicknesses were used.
1: Blocks without cortical layer (only trabecular bone)
2: Blocks with 1 mm cortical thickness
3: Blocks with 2 mm cortical thickness
4: Blocks with 2.5 mm cortical thickness

Figure 2. Artificial bone blocks (Sawbones® Pacific Research Laboratories, Inc.
Washington USA). A: artificial bone blocks without cortical layer (only trabecular hone);
B: artificial bone blocks with cortical layer

Table 1. Mechanical properties of artificial Bone (Sawbones®) used in this study.
Alternative

Density

Compressive

Test Medium
Cortical bone
Trabecular

1.64gcnv

Tensile

Strength

Modulus

Strength

Modulus

3

157 MPa

16.7 GPa

106 MPa

16.0 GPa

3

18MPa

462 MPa

12 MPa

427 MPa

0.48g cnv

bone
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2.3 Implant installation
All bone cavities were prepared with a gentle surgical technique using a dental drill
(KaVo EWL Dental GmbH, Biberach, Germany) at a rotational speed of 800 rpm together
with copious external cooling. The drill was fixed in a drill standard. Two different
surgical approaches were applied for the installation of the implants:
Approach 1: Press-fit technique (according to the protocol of the manufacturer):
Drilling started with a round drill (diameter 3 mm), and the pilot drill (diameter 2.55
mm). Subsequently, the hole was widened by a consecutive series of drills, i.e. 3.4, 4, and
4.6 mm in diameter as mentioned on the drills by the manufacturer (real drill diameters
2.8, 3.4 and 4.0 mm respectively). According to the instructions of the manufacturer, for
cortical bone the countersink (real diameter 4 mm) was used. Installation of the
implants was completed using a Digital® torque gauge instrument (MARK- 10
Corporation, New York, NY, USA) in order to measure the torque-in value.
Approach 2: Undersized technique: The same sequence of drills was used as for
approach 1. However, the final drill (4.6 mm) was skipped. Thus, the real diameter of the
last drill was 3.4 mm. For the cortical layer countersink was used same as for
approach 1. Subsequently, an implant with a 4.6 mm diameter was inserted with the
torque gauge instrument.

2.4 Mechanical testing
A: insertion torque measurements: During installation the peak insertion torque was
measured for all implants using a Digital® torque gauge instrument (MARK-10
Corporation, New York, NY, USA).
B: Removal Torque measurements:

To prepare the specimens for screw-out

measurements, all were placed on a support jig. As this jig can be adapted in all
directions, a direction of removal torque was chosen longitudinal on the implant.
Subsequently, until loosening, a slowly increasing torque (displacement; 0.5 mm/min)
was gradually applied to each implant.

2.5 Statistical analysis
Mean insertion and removal torque values and their standard deviations (SD) were
calculated. Multiple linear regression analysis was performed to compare the effect of
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cortical thickness, surface roughness and surgical technique on the primary stability of
dental implants For the surface topographic evaluation, one-way analysis of variance
(ANOVA) was used for comparing the differences between groups The differences were
considered as significant when P<0.05.

3. Results
3.1 Surface roughness measurements
Surface topographic evaluation (Table 2) demonstrated that the machined surface
showed an average surface roughness (Ra=0 45 μιη), which was significantly lower than
the etched surface (Ra=1.47 μιη). The values for the parameter Rsk showed that the both
surfaces had a positively skewed surface, implicating that both surfaces consisted of
more peaks than valleys. Although the data indicated that the etched implants had a
higher R^ mean value, statistical testing revealed that this difference was not significant
(Table 2).

Table 2. The mean ± SD value of surface roughness parameters Amplitude parameters
(Wennerberg et al 1996c, 1997)
Ra- the arithmetic mean of the absolute values of the surface departures from a mean plane
u ithm the sampling area It is measured m micrometers
Rtl- the root mean square value of the surface departures within the sample area It has the
statistical signification as the standard deviation of the height distribution
Λ,Α- the measure of the symmetry of surface deviations about the mean plane A negatively
skewed surface has more valleys than peaks

Machined

Etched

(n=3)

(n=3)

Äa

0.45±0.32

1.47±0.54

<0.05

Ä,

0.29±0.1

1.82±0.68

<0.01

Rsk

0.08±0.35

0.29±0.35

>0.05
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3.2 Mechanical testing
The results of insertion and removal torque measurements for the various cortical
thicknesses are presented in Table 3 and 4 respectively and depicted in Figure 3. and
Figure 4. For bone blocks with only trabecular bone (without cortical layer) insertion
torque and removal torque values were significantly higher for the etched implants
inserted with the undersized technique (89.3 ± 7.6 and 55.0± 9.1 Ncm) as compared to
machined

implants, either placed with press-fit (58 ± 4.7 and 37.4 ± 1.1 Ncm) or

undersized technique (66.5 ± 9.0 and 34.0 ± 5.0 Ncm ) respectively. The same trend was
observed for bone blocks with 1 mm cortical thickness; insertion torque and removal
torque values were significantly higher for the etched implants placed with the
undersized technique (127.8 ± 12.7 and 102.0± 6.1 Ncm) as compared to machined and
etched implants placed with press-fit technique (85.5 ± 10.9 and 56.2 ± 10.3; 104.1 ± 9.9
and 80.1 ± 10.3 Ncm) and machined implants installed with undersized technique
(102.6 ± 7.3 and 67.3 ± 4.6 For bone blocks with 2 mm and 2.5 mm cortical thickness
with respect to insertion torque, no significant effect for roughness (machined versus
etched) and surgical technique (press-fit versus undersized) was observed.

With respect to removal torque values, for bone blocks with 2 mm cortical layer,
only etched implants inserted with an undersized technique showed higher values
(124.4±16.4) as compared to the three other test modalities, i.e. the etched implants
inserted with a press-fit technique (99.3±10.6) and the machined implants either
installed with an undersized (81.1±10.6Ncm) or press-fit technique (83.9± 9.5). The
same trend was seen for artificial bone with a 2.5 mm cortical layer. Only etched
implants inserted with an undersized technique showed higher values (121.4±27.7
Ncm) as compared to the machined implants, either installed with an undersized
(85.5±12.2 Ncm) or press-fit technique (81.9±8.9 Ncm). Statistical aspects of the effect
of cortical thickness, surface roughness and surgical technique in relation to insertion
and removal torque values are enlightened in Table 5 and 6 respectively. The correlation
of insertion torque and cortical thickness is depicted in figure 5.
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Figure 3. Graph showing insertion torque values (mean+SD) as obtained with various
surgical approaches for Groups 1, 2 and 3. Press = press-fit approach, Under undersized approach
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Figure 4.Graph showing removal torque values (mean±SD) as obtained with various
surgical approaches for Groups I, 2 and 3. Press = press-fit approach. Under =
undersized approach
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Table 3. The mean ± SD (Ncm) of the insertion torque values for bone blocks without a
cortical layer, 1mm, 2 mm and 2 5 mm cortical layer CL= cortical layer, Torque In =
insertion torque values For each group (n=10)

Torque-In

Without CL

ImmCL

2mmCL

2.5 mm CL

Machined Press

58 0±4.7

85.5110.9

122 0114.7

110.2112.8

Machined

66.519.0

102.617.3

118.01 9.5

104.31 5 3

Under

86.3±5.9

104.11 9.9

113.2111.4

116.7113.3

Etched Press

89.317.6

127.8112.7

130.2115.9

104 8111.3

Etched Under

-*- press machined
- · - under machined
-*- press etched
— under etched

Trabecular bone

1 mm cortical

2 mm cortical

2 5 mm cortical

Figure 5. Correlation between cortical thickness and primary stability of an implant as
measured with insertion torque values Press = press-jit approach, Under = undersized
approach
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Table 4. The mean + SD (Ncm) of the removal torque values for bone blocks without a
cortical layer, 1mm, 2 mm, and 2.5 mm cortical layer. CL= cortical layer; Torque Out =
removal torque values. For each group (n=10).

Torque-Out

Without CL

ImmCL

2mmCL

2.5 mm CL

Machined press

37.411.1

56.2±10.3

83.9± 9.5

81.9± 8.9

Machined

34.0±5.0

67.3± 4.6

81.1±10.6

85.5±12.2

Under

53.7±8.3

80.1± 10.3

99.3±10.6

120.5±15.6

Etched Press

55.0±9.1

102.0± 6.1

124.4±16.4

121.4±27.7

Etched under

Table 5. The multiple linear regression statistical analysis for all groups for insertion
torque values.
Coefficientsa
Model

Unstandardized
Coefficients

95% Confidence
Interval for Effect
Lower
Upper
Effect
Significance Boundary Boundary
54.513
0.000
48.234
60.791
-1.944
0.696
-11.757
7.869

(Constant)
CorticalThickness
Square root of
41.891
CorticalThickness
Surface roughness
28.068
(l=etched,0=machined)
Surgical technique
12.565
(l=under, Oppress)
Thickness * Technique
-3.413
Thickness * Surface
-11.464
1
Dependent variable: insertion torque
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0.000

28.017

55.765

0.000

21.123

35.013

0.000

5.620

19.510

0.143
0.000

-8.001
-16.052

1.174
-6.877
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Table 6. The multiple linear regression statistical analysis for all groups for removal
torque values.
Model

Coefficients'1
Unstandardized
Coefficients

Effect
Significance
(Constant)
34.902
0.000
Cortical Thickness
6.591
0.167
Square root of Cortical
18.872
0.006
Thickness
Surface roughness
24.195
0.000
(l=etched,0=machined)
Surgical technique
1.020
0.762
(l=under, 0=press)
Thickness * Technique
4.418
0.049
Thickness * Surface
3.904
0.081
a
Dependent variable: removal torque

95% Confidence
Interval for Effect
Lower
Upper
Boundary Boundary
28.893
40.911
15.983
-2.801
5.594

32.150

17.548

30.842

-5.627

7.667

.028
-.487

8.809
8.295

4. Discussion
Primary stability of an implant is a prerequisite to undisturbed peri-implant bone
healing. By shortening the treatment time, the concept of immediate and early loading
protocols has been introduced in clinical practice to meet the increased patient/clinician
expectations. Therefore, precision in predicting initial implant stability and thereby
promoting bone healing around the implant surface is of fundamental importance.
The aim of the present study was to assess the interrelated effects of the surgical
technique, implant surface roughness and cortical thickness of the host bone on the
primary stability of dental implants. In artificial bone models with only trabecular bone
(without a cortical layer) and models covered with a cortical thickness of 1 mm, both
implant types showed statistically higher mean insertion and removal torque values for
undersized compared to press-fit preparation. In addition, also etched implants showed
statistically higher mean insertion and removal torque values as compared to machined
implants. However, in 2 mm and 2.5 mm cortical models, with respect to mean insertion
torque values, no effect for implantation technique or implant surface topography was
observed.
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With respect to screw-type implants, there is difference in diameter as mentioned
by the manufacturer compared to the diameter as noted on the drill For example, if an
implant with diameter four has to be placed, the corresponding drill is also named four,
mainly to prevent confusion. However, in reality, the diameter is smaller to allow self
tapping for the press-fit installation of the implant.
In the present study, the mean removal torque values were mostly lower than the
mean insertion torque values. This can be explained by the restricted viscoelastic
properties of the surrounding artificial bone (Sawbones®), resulting in less resistance
during screwing out. Our findings are in accordance with recently published data using
explanted femoral condyles of goats, in which the insertion torque was mostly higher
than the removal torque values except for etched-press-fit implants for which insertion
torque (70.8±25 7) was slightly lower than removal torque (76.6±24.4) values (Shalabi
et al. 2006). In addition, comparable to our study, the highest mean insertion torque
(115.2±31.1) and removal torque (102.9±36.4) values were observed for etched
implants inserted with undersized technique (Shalabi et al. 2006). The results of the
present study are also supported by a goat study in which after 12 weeks of
implantation, the 'blasted and acid etched' implants inserted with undersized technique
have shown highest removal torque values (Shalabi et al. 2007).
The measurement of insertion torque is a widespread and valuable method for
estimating the primary stability of an implant as it gives a far more objective assessment
of bone density and primary stability at the time of surgery as compared to other
methods like removal torque, resonance frequency analysis and the Penotest (Fnberg et
al. 1995, Johansson & Stnd 1994; Atsumi et al. 2007; Sakoh et al 2006) Moreover,
removal torque testing primarily places shear forces on the root form implant around its
cross section. Therefore, this method is not directly related to long-term clinical
application (Jividen & Misch 2000). Thus, our discussion will be focussed onto the
torque-in values.
Independent of the used surgical technique, both implant types showed increased
mean insertion torque values with increasing cortical thickness up to 2mm. However, m
the present study, we have observed a threshold for the increase of insertion torque. In
bone with a cortical layer of more than 2mm, no further increase in the insertion torque
was observed. Other studies also confirmed the relation between the cortical thickness
and insertion torque values (Motoyoshi et al. 2007; Nkenke et al. 2003). This implicates
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that the amount of bone in the cortical passage is one of the vital factors for optimal
implant stabilization (Sennerby et al. 1992). In the present study, the increase in the
mean insertion torque values between bone blocks with only trabecular bone (without
cortical layer) to 1 mm cortical layer was higher than between 1 mm to 2 mm and to 2.5
mm cortical layer. This corroborates the recent study by Song et al. (2007), in which the
same artificial bone model was used. Our findings are also in accordance with a recently
performed clinical study by Alsaadi et al. (2007b), who showed the presence of a nonlinear correlation between insertion torque/cutting resistance and cortical thickness.
What is the clinical impact of our results? As bone density seems to have a
considerable impact on the results of the implant treatment, it warrants evaluation.
Preoperatively, this can be conducted using dental quantitative CT (Homolka et al. 2002;
Beer et al. 2003). During the drilling procedure, also measurements of the insertion
torque have been found reliable and applicable for assessment of the bone density
(Johansson & Strid, 1994; Friberg et al. 1995). Depending on the expected bone density
at the planned implant position, an optimal surgical protocol should be chosen in order
to optimize the implant stability. In case of a poor supportive capacity of bone (reduced
bone density), compared to the implant diameter, a smaller drill diameter should be
chosen, as from the findings of present study it can be assumed that undersized drilling
technique locally optimizes the bone density and consequently improves the primary
stability. Inspired by the failure rate of implants in the maxilla, also other studies have
focused on undersized preparation techniques in low density bone to enhance the
primary stability of dental implants (Shalabi et al. 2006, 2007; Sakoh et al. 2006; Beer et
al. 2007).
With respect to 'roughness' and 'surgical technique', the insertion torque values
showed a similar increasing trend for the trabecular bone (without a cortical layer) and
bone blocks with 1 mm cortical layer. Surprisingly, in the blocks with a 2 mm and 2.5
mm cortical layer, this trend was broken; for insertion torques, no significant effect for
'machined versus etched' implants and 'press-fit versus undersized' technique could be
observed. Therefore, in implant sites with a cortical thickness of 2 mm or more,
undersized drilling should be avoided, as over tightening of the implant may lead to
micro fractures of the bone threads around the implants (Tricio et al. 1995). Also, when
forces are excessive and exceed the physiological limit, bone resorption (Hansson and
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Werke 2003, Duyck et al 2001) or even failure of the implant due to pressure necrosis
can occur (Handelseman M 2006)
Implant stability, as related to the two different implant surface roughness used
in the current study ι e machined and grit blasted and acid etched, showed a statistically
significant difference for trabecular bone blocks and bone blocks with 1 mm cortical
layer From a mechanical point of view, there is no reason for installing machined
implants Also from a biological view, the benefit of rough surfaces relative to minimally
rough ones has been recently confirmed (Al-Nawas et al 2008)
In conclusion, initial implant stability is mainly determined by the bone quantity
and quality (trabecular/cancellous to cortical bone ratio) The installation of etched
implants in synthetic bone models using an undersized preparation technique resulted
in enhanced primary implant stability Furthermore, a positive correlation was found
between primary stability and cortical thickness of the synthetic bone However, the
thicker the cortical layer, the less the effect of both an undersized surgical approach, as
also the presence of a roughened (etched) implant surface However, the limitations of
the present study are the estimation of only mechanical aspects of primary stability of
implant, as in clinical situation many biological factors may also influence the primary or
early stability of implants Therefore, to study the biological effect of undersized drilling,
ι e the bone responses on the extra insertion torque forces, additional 'in vivo' studies
are needed
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1. Introduction
Titanium implants have become a most widely used treatment option in restorative
dentistry for the replacement of missing teeth. Obviously, for these implants osseous
fixation is essential. To create optimal peri-implant osteogenesis many factors play a
significant role, such as material surface characteristics (de Jong et al. 2008), patient
bone quality and quantity (Sevimay et al. 2005), the presence of osteogenic bone
particles in the preparation site (Tabassum et al. 2010 b&c), mechanical loading
(Schwarz et al. 2010), implant design (Lee et al. 2005; O'Sullivan et al. 2000) and
surgical technique (Albrektsson 2001).
The critical importance of the surgical technique arises from many previous
clinical studies. For example, high failure rates have been reported for bone of low
density as may present in the maxilla (Khang et al. 2001). In such poor bone density,
solely the modification of the surgical protocol can increase success rates up to 93-97%
(Friberg et al. 1999; Bahat 2000). Therefore, careful surgical planning and execution are
crucial for a successful outcome (Bahat. 2000), as surgical trauma has been associated
with biological failures of implants (Esposito et al. 1998). To shorten the treatment time
and to decrease the surgical burden on the patient, the concept of immediate and early
loading has been introduced in clinical practice. By adopting a modified surgical
protocol, it is feasible to immediately load implants also in areas of poor bone density
(Ostman et al. 2005). One of these surgical modifications is the undersized drilling
technique, which has been introduced to locally optimize the bone density by using a
final drill diameter considerably smaller compared to the implant diameter (Friberg et
al. 1999).
In the past years, research was mainly focussed on developing superior implant
hardware, and less attention has been paid to clinical parameters like surgical technique
(Albrektsson 2001). Only few studies have been performed to evaluate the biological
effect of the undersized surgical technique with respect to bone response and bone-toimplant contact (Table 1). An important issue that needs to be addressed in the field of
implantology is, whether there is a biological limit for the discrepancy between implant
diameter and the undersized hole, as prepared to obtain a superior healing response.
For this purpose, an in vivo study was performed using three different surgical
techniques selecting the iliac crest of the goat as an implantation model.
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2. Materials and methods
2.1 Dental implants
Twenty four cylindrical screw type implants provided by Dyna® implants (dental
engineering BV; Bergen op zoom, the Netherlands] were used. All implants were acid
etched and measured 10 mm in length and 4.2 mm in diameter [Figure 1A). Scanning
electron microscopy (SEM) and a universal surface tester (Innowep GmbH, Würzburg,
Germany) were utilized to characterize the surface topography of the implants.

Figure 1. A: Dyna® implants with acid etched surface topography (dental engineering BV;
Bergen op zoom, The Netherlands). B: Surface of implant visualized by SEM showing a
uniformly rough surface [magnification 3000x).

2.2 Animal model and implantation procedure
Four healthy mature (2-4 years of age) female Saane goats, weighing approximately 60
kg, were used in the present study. Approval of the Experimental Animal Ethical
Committee was obtained (RU-DEC 2009-031) and national guidelines for the care and
use of laboratory animals were followed. All surgical procedures were performed under
general inhalation anaesthesia and sterile conditions. To reduce the risk of perioperative

infection,

the

goats

received

antibiotics

pre-operatively

(10mg/kg

Amoxicillin®, Centrafarm, Etten-leur, The Netherlands, intravenously), and postoperatively, at day 1 and day 3 (50mg/ kg intramuscularly Albipen® LA, Intervet BV,
Boxmeer, the Netherlands). The analgesic Finadyne® (lmg/kg, three times a day) was
administered for two days after surgery. Before placement of the implants, the animals
were immobilized in a ventral position. The pelvic area of goats was shaved and the
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anatomical structures marked First, a transverse skin incision was made, starting from
the upper medial side of the iliac crest, subsequently continuing towards the anterior
superior iliac spine in lateral direction on both sides of vertebral column (Schouten et al
2010) Then, the incision was continued through the underlying tissue layers until the
periosteum was reached Subsequently, the periosteum was detached and elevated
aside, exposing the iliac crest (Figure 2) Bone cavities were prepared with a gentle
surgical technique, using rotational speeds (800 rpm) and continuous internal cooling
with stenle saline, a total of 24 implants (n=8) were inserted The distance between the
holes was 4-5 mm (Figure 2) For the installation of the implants, three different
approaches were used
Approach 1: 5% undersized; a 5% undersized preparation procedure (according to the
protocol of the manufacturer) was performed Drilling was started using the pilot drill
(2 0mm diameter) Subsequently, the hole was widened by a consecutive series of drills,
ι e 3 2, 3 6, and 4 0 mm in diameter By installing a 4 2mm diameter implant in a 4 0mm
cavity, a reduction in diameter of about 5% was achieved
Approach 2:15% undersized; the same sequence of drills was used as for approach 1
However, the final drill (4 0 mm) was skipped By installing a 4 2mm diameter implant
in a 3 6 mm cavity, a reduction in diameter of about 15% was achieved
Approach 3: 25% undersized; the drilling was started using the pilot drill (2 0mm
diameter) Afterwards, the hole was widened by a 3 2mm diameter drill By installing a
4 2mm diameter implant in a 3 2mm cavity, a reduction in diameter of about 25% was
achieved
After implant placement, the soft tissues and the skin were closed in layers with
resorbable sutures (Vicryl® 2 0, Ethicon Products, Amersfoort, the Netherlands) After
three weeks of implantation, all four goats were euthanized with an overdose of
Nembutal® (Apharmo, Arnhem, and the Netherlands) Hereafter, the iliac wings were
harvested and excess tissue was removed By using a diamond blade saw, the iliac crests
were divided into smaller pieces As a result, each specimen contained just one implant
with surrounding bone
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Figure 2. A: Animal was immobilized in a ventral position and the pelvic area was shaved
and the anatomical structures were identified and marked. B: Location of implants placed
in the each iliac crest.

2.3 Histological preparations
The specimens for histology were fixed in formaldehyde 4%, dehydrated in a graded
series of ethanol (70-100%), washed with acetone, and embedded (non-decalcified] in
methylmethacrylate (MMA) for 4 weeks. After polymerization of the MMA, thin (10 μηι)
non-decalcified sections were prepared with a modified diamond blade sawing
microtome technique (Van der Lubbe et al. 1988). According to routine procedure
(Caulier et al. 1997; Shalabi et al. 2007) three sections were made through the middle
part of the implant, but at least 500μηι apart in distance. The sections were made in a
longitudinal direction parallel to the long axis of the implant and subsequently stained
using methylene blue and basic fuchsin.

2.4 Histological and histomorphometrical evaluation
To evaluate the bone response around the implants, histological as well as
histomorphometrical analyses were performed using a light microscope (Leica
Microsystems AG, Wetzlar, Germany). Image analysis software (Leica qwin pro-image, V
2.5, UK) was used for histomorphometrical evaluation. Quantitative measurement on
the percentage bone-implant contact (%B1C) was performed on both sides of the
histological image for three different sections of each implant.
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2.5 Statistical analysis
All data were expressed as a mean ± SD. One-way analysis of variance ANOVA, with
subsequent Tukey-Kramer multiple comparisons testing was conducted to compare the
difference between groups. All calculations were performed with Instat software V.3.05,
(GraphPad® Software Inc., San Diego, CA, USA). Differences were considered significant
when P<0.05.

3. Results
3.1 Surface Characterization
Surface evaluation demonstrated an average surface roughness of Ra=0.815±0.05 μηι,
and a height distribution of Ιίη=1.28±0.37μΓη. Scanning electron microscopy showed a
uniformly roughened surface topography (Figure IB).

3.2 Experimental animals Mechanical testing
All animals remained healthy after the surgery. At sacrifice no signs of inflammation or
other adverse tissue reactions could be observed. Of the 24 installed implants, two
implants were damaged during preparation and had to be excluded from further
evaluation.

3.3 Histology
Light microscopic examination of all the implants demonstrated no signs of
inflammation. The iliac crest of the goat mainly consists of trabecular bone. At the upper
border of iliac crest the bone seems to be more compact. All sections showed that the
drilling procedure was accurate, as the apical parts of all implants were in contact with
the surrounding bone. No intervening fibrous tissue layer was observed between any
implant and the surrounding bone.
Approach 1: 5% undersized; histological examination demonstrated that most of the
screw vents were completely filled with newly formed bone (Figure 3A). The bone was
in close contact at the top of the screw threads and bone in-growth was visible from the
top of the screw threads into the screw vents. In the calcified tissue many large rounded
osteoblasts

and osteocytes were

visible. Newly formed
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distinguished from the old host bone, as the newly formed bone contained more
irregularly arranged osteocytes and was lighter in colour (pink).

Figure 3. Histological overview of all three groups, 1) implants inserted with the 5%
undersized technique; 2) implants placed with the 15% undersized technique; 3) implants
installed with the 25% undersized technique. Magnification of all images is 10X.
Histological examination revealed that new bone formation was more pronounced in
implants placed with the 5% undersized or 15% undersized surgical technique. Implants
placed with the 25% undersized technique demonstrated only a limited bone-to-implant
contact.
Approach 2: 15% undersized; the implants showed a bone healing response almost
similar as observed for the implants installed with the 5% undersized technique (Figure
3B}. New trabecular bone formation was noticed filling the screw vents. Most of the
implant surface was in intimate contact with the host bone. Bone marrow spaces
between the implant surface and host bone were also visible.

71

Surgical technique and peri-implant osteogenesis

Approach 3:25% undersized; examination demonstrated that the trabecular bone was
only partially in contact with the implant surface (Figure 3C). The ingrowth of newly
formed bone into the screw threads was less abundant as compared to the implants
inserted with the 5% undersized or 15% undersized surgical technique. Many bone
particles were observed in the proximity of the implant surface as also in the trabecular
voids. Functional repair (modelling and remodelling] was evident along with the
presence of osteoblasts, osteoclasts and remodelling lacunae (Figure 4). Some micro
fractures of the host bone trabeculae could clearly be observed (Figure 5).

Figure 4. Light micrographs of an implant
placed with
(Magnification

the 25% undersized technique
40x). Osteoblasts (OB) and

osteoclast (OC) are visible on the surface of
newly formed bone. Remodelling lacunae with
obvious signs of resorption can also be observed
(see arrow).
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Figure

5. Light

micrographs

of an implant

undersized technique (Magnification
clearly visible in implants

placed with the 15% undersized

40x). The micro-fractures

placed with 2 5 % undersized

of the trabecular

technique

(see arrows).

implants placed with the 15% undersized technique have not shown such

5%undersized
Figure

15%undersized

6. The mean± SD of histomorphometncal
and 25%

i 5 % undersized

undersized

significantly

lower %BIC was calculated for implants

bone are
However,

micro-fractures.

25%undersized

after

3 weeks of implantation.

installed

with the 25%

technique as compared to the 5% undersized or 15%) undersized surgical
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3.4 Histomorphometrical analysis
Mean data ± SD regarding the %BIC is depicted in Figure 6. Implants placed with a 5%
undersized or 15% undersized surgical technique demonstrated a significantly higher
%BIC as compared to implants installed using the 25% undersized technique. No
statistically significant difference could be observed between the 5% undersized and
15% undersized surgical technique.

4. Discussion
The present study focused on the effect of the surgical technique on the early biological
stability of titanium implants. It was shown that bone-to-implant contact was
significantly reduced with the 25%undersized technique. No differences could be
observed between the 5% undersized and 15% undersized inserted implants Regarding
our study set-up, first the choice of surgical model should be clarified
The surgical technique of 'choosing a smaller drill diameter than implant
diameter' is particularly recommended for type IV bone, specifically in locations with
poor bone density. We have recently introduced the "iliac crest of goat" as a model
(Schouten et al. 2010). This iliac crest mainly consists of porous trabecular bone with
almost no cortical layer, showing a bone volume fraction of 20.8±6.1% (Tabassum et al.
2010c). This is significantly lower than reported for eg. the femoral condyle (57 4%)
(Schouten et al. 2010), and therefore makes the iliac crest model highly appropriate to
evaluate the bone healing response in low density bone. The immediate and early
loading protocols has been often employed in clinical practice, therefore, the present
study especially focused on the initial bone response i.e., 3 weeks of implantation period.
In addition, from a histological point of view the bone healing around titanium implants
is characterized by the direct bone-to-implant contact visualized by a light microscope
(Albrektsson et al. 1981), the percentage of bone-implant-contact was calculated
The term "press-fit" should be utilized when "implant diameter is equal to
diameter of the implant bed". In contrast, undersized drilling technique demonstrates a
discrepancy in implant diameter and the implant bed This can be confusing, since drill
and implant diameters given by various manufacturers are not always fully accurate and
"press-fit" in practice often involves a small percentage of undersized drilling Moreover,
with respect to the nomenclature used for undersized drilling no consistent term or
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definition is used in literature Several paraphrases such as adapted bone-site
preparation technique (Fnberg et al. 1999); undersized surgical technique (Tabassum et
al 2009, 2010 a&b; Shalabi et al 2006, 2007 a&b); adapted surgical protocol (Ostman et
al. 2005), under-dimensional drilling (Sakoh et al 2006), and adapted preparation
technique (Beer et al 2007) have been utilized. One specific author baptized the
undersized technique as "drilling osteotome technique" (Fanuscu et al 2007), in which
the discrepancy between final drill diameter (3.2mm) and implant diameter (4mm) was
20% The exact reduction of diameter is not always mentioned, although this parameter
seems critical
The data from the present study exhibited no significant difference between
implants placed with a 5% undersized and 15% undersized surgical technique These
results are in accordance with a previously performed study, in which tapered screwtype implants were inserted into the femoral condyle of goat Also these authors could
not observe a significant difference between press-fit and undersized technique after 12
weeks of implantation However, the tendency of a higher bone response for the
undersized technique (diameter reduction of 14%) was reported (Shalabi et al 2007b)
In the present study no such trend was observed. Such difference may be explained by
the different animal model but more likely due to a different healing time points (12
weeks versus 3 weeks in our study) and different implant design (tapered versus
cylindrical). The theory behind the use of tapered implants is to induce a degree of
compression on the cortical bone in a poor quality bone (O' Suvilhan et al. 2004) as an
higher implant stability can be ensured by engaging even a few threads of the implant
into the cortical layer (Sennerby et al. 1992) In case of a cylindrical implant
compressive forces induced on the cancellous bone are higher as compared to tapered
implants (Eser et al 2010). However, in view of the high number of different implant
designs that are currently in clinical use (O'Sullivan et al. 2000), it is still impossible to
determine whether one specific implant design can be preferred over another (Astrand
et al 2004)
The surprising outcome of the present study was the negative effect of the 25%
undersized technique as compared to both the 5% undersized and 15% undersized
technique in terms of bone-implant-contact in the early healing phase. In addition, the
25% undersized technique was found associated with microfractures of the trabecular
bone Our findings corroborate earlier performed studies in which the so-called
75

Surgical technique and peri-implant osteogenesis

osteotome technique also induced trabecular bone fractures (Buchter et al. 2005;
Nkenke et al. 2002). During implant placement into an undersized prepared hole
compressive forces are generated along the implant/bone interface, which are
dependent on the density of the bone and the mismatch between the hole and the
implant diameter (0' Sullivan et al. 2004). When the compression of trabecular bone is
higher than the visco-elasticity of the trabecular bone, microdamage might occur
(Nagaraja et al. 2005). A relationship between micro-damage and disturbed bone
remodeling due to osteocyte apoptosis and osteoclast activation has been revealed in
rats (Verborgt et al. 2000). In addition, if significant numbers of trabeculae have been
lost or damaged, it is difficult to recuperate the original properties of trabecular bone
(Niebur et al. 2002). In addition, previous studies established that tight contact between
implant and host bone could result in poor bone formation (Futami et al. 2000) or even
host bone resorption (Zubery et al. 1999). The key question is how much compression is
advantageous and is there any biological limits of inducing compression on the
trabecular bone? Based on the results of the present study a reduction of the diameter
of the last drill of more than 15% compared to the implant diameter can result in low
biological stability in terms of less bone-to-implant contact.
Optimal bone-to-implant contact is the final goal of implant healing. To enhance
the primary implant stability undersized drilling is a strong option, but the outcome of
the present study indicates that there is a biological limit even in low density bone.
Therefore, within the limitation of this animal study, it can be concluded that
'undersizing' has a biological limit and excessive compression of the host bone can result
in inferior tissue response in early stage of healing. Implants that were placed 5%
undersized or 15% undersized, showed a significantly better bone healing response as
compared to the 25% undersized inserted implants. In addition, researchers should
mention the precise discrepancy between the final drill diameters and implant diameter.
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Table 1. Summary of the literature on the undersized technique with respect to discrepancy between implant diameter and final drill diameter
The percentage of diameter reduction was calculated based on the diameters as published in the various articles
Study
design

Implant design

Clinical

Branemark® Mk II and standard implants

Clinical

Branemark® standard and self-tapping

Clinical

Branemark® implants

Clinical
Clinical
Clinical
Clinical

Prototype Mk IV and Standard
Branemark®
Branemark® Standard and Mk IV
Branemark® Standard and Mk IV
Branemark® Mk III, Mk IV and Replace
Select® Tapered

Implant
Diameter (mm)

Final drill Diameter
(mm)

3 75
4 0 and 5 0
3 and 3 3
3 75
4 and 5
3 75 and 4 0
50

not mentioned
3
2 0 and 2 3, respectively
2 70 to 2 85
3
2 70 to 3 15
3 70 to 4 30

Percentage of
diameter
reduction
NA
25 and 40%
35 and 30%
24 to 27%
25 and 40%
16 to 33%
14 to 26%

4

2 85 and 3 15

22 and 29%

Fnberg et al 2003

Not mentioned
Not mentioned

3 15
315

NA
NA

O'sulhvan et al 2004
O'sulhvan et al 2004

Not mentioned

2 85

NA

Ostman et al 2005

2 70 and 2 85
2 70, 2 85 or 3 0
3 85 and 4 30
2 85
40
40
43
2 85,3 0,3 15, and 3 35
32

14and 19%
24 to 27%
14 and 23%
NA
14%
14%
14%
11 to 24%
20%

40

14%

Clinical

Branemark® Mk III (n=734)
Branemark® MklV(n=171)

Clinical
In vitro
In vivo
In vitro
In vitro
In vitro

Branemark® Standard, Mkll, Mklll, Mk IV
Biocomp® Tapered
Biocomp® Tapered
Conical and hybrid Cylindrical screw type
Branemark® systen Mk III
Astra tech® AB

NP (3 3)
RP (3 75 and 4)
WP 5 0mm
Not mentioned
46
46
5
3 75
4

In vitro

Biocomp® Tapered

46

NA not applicable
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1. Introduction
The placement of oral implants to treat (partially) edentulous patients has become a
routine clinical procedure Variables like surgical technique, patient bone quality,
implant design, mechanical loading, and material surface characteristics influence the
process of bone healing around an implant (Porter et al 2005) Clinical failures of
smooth

implants

motivated

researchers

to

develop

more

adequate

surface

characteristics (Khang et al. 2001). To improve the surface characteristics of implants,
surface treatments like grit blasting, acid etching, fluoride-modification, and calcium
phosphate (Ca-P) coatings have been developed (Ellingsen et al. 2006). Ca-P coatings
show excellent compatibility with human bone, and tend to initiate a rapid biological
response, improve adhesion between bone and implant, and provide a scaffold for bone
growth (Jansen et al. 1991; Orsini et al. 2007; Hayakawa et al. 2002). New coating
techniques, like DNA-based coatings, and the addition of growth factors, like bone
morphogenic proteins, are still in a developmental stage (van de Beucken et al. 2007)
Therefore, until now, most research dealing with implant surface modification has been
focused on roughening by means of grit blasting and/or acid etching (Shalabi et al.
2006). Implant surface roughness has been supposed to stimulate the bone cell reaction
resulting in an enhanced healing response and improve implant bone contact (Al-Nawas
et al 2008; Shalabi et al. 2007; Shalabi et al 2006) . Another beneficial effect of microroughened surface topography arises from a greater primary stability (Tabassum et al.
2009 and 2010) resulting into better bone healing and long term survival of endosseous
implants as has been suggested by several reports (Fernandes et al. 2007; Cochran et al.
2007)
However, besides biological and mechanical advantage of surface roughening, a
third reason, why roughened implant surfaces show improved healing responses, was
suggested Histological examinations, during in vivo studies, often revealed that small
bone fragments were interspersed between bone marrow spaces with clear signs of
remodelling of these fragments (De Smet et al 2006; Hayakawa et al. 2000). Recently, it
was demonstrated that such bone particles/fragments become translocated as a result
of implant placement, and that these particles have an osteogenic potential (Dhore et
al 2008). This translocation of bone particles might act as a kind of miniature autografting, thereby stimulating the bone healing process of the pen-implant bone.
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Consequently, in the present study we hypothesized that the implant surface
micro-geometry can influence the amount and thus the osteogenic response of the
translocated bone For this purpose, two types of titanium screws implants ι e, smooth
(turned) and blasted subsequently acid etched, were used to analyze the influence of
implant surface roughness on the amount and osteogenic response of translocated bone
particles These translocated bone particles may play a significant role in the process of
new bone formation around an oral implant, thus providing a strong clinical relevance to
this study

2. Materials and methods
2.1 Titanium implants
As a model for dental implants, 208 small diameter titanium screws (StabilokTM, Fairfax
Dental Ine, London, UK) were used All implants measured 4 5 mm in length and 0 53
mm in diameter Two different surface topographies were used 1) smooth ("turned"), 2)
blasted and acid etched ("etched")
For roughening, the implants were first grit-blasted with AI2O3 (Corund type 20)
for 30 sec Subsequently the implants were submerged in acid etching solution (HCL/
H2S04 /H20 1 1 1 ) for 90 sec at 100oC Before use all implants were ultrasomcally
cleaned in isopropyl alcohol and finally sterilized in an autoclave at 121C0 for 15 mm
The implants were divided into experimental and control groups, for both types of
implants All groups were subdivided by incubation time Four different incubation time
points were used, 1, 6,12, and 24 days

2.2 UST analysis
A universal surface tester (UST®, Innowep GmbH, Wurzburg, Germany) was used to
characterize the surface roughness of the titanium screw-type implants This equipment
includes a diamond stylus, consisting of a 60° cone, which is moved across a surface with
a load of 1 mN and with the velocity of 0 Imm/second The measured surface roughness
(Ra) is the arithmetic mean of the absolute values of the surface departures from a mean
plane within the sampling area, measured in micrometer For the Ra of the implants,
three implants of each type were selected and measured before placement into the bone
The macro roughness was measured over a distance from 0 00mm to 3 00mm (1 e
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including several screw threads). Micro roughness was measured for the length of one
thread of the implant For each implant 3 different threads were measured. The
approximate distance of the selected thread was 0.18mm.

2.3 Preparation of the femur
The model system for implant placement was adapted from an earlier study 18 . Prior to
experimentation, approval of the Radboud University Nijmegen Animal Ethics
Committee was obtained. National guidelines for the care and the use of laboratory
animals were obeyed. Six male Wistar rats of 40-43 days old, which were control
animals from other studies, were used to isolate the femurs Rats were sacrificed and the
femurs of both hind legs were isolated free of soft tissue. A total of 12 femurs were
washed 3 times for 15 minutes in washing medium, i.e. alpha Minimal Essential Medium;
(a-MEM Gibco BRL, Life Technologies B.V. Breda, The Netherlands) with 0.5 mg/ml
gentamycin and 3 μg/ml fungizone.

2.4 Implant placement and removal
After washing, the femurs were placed in sterile gauze soaked into sterile saline solution
to prevent the drying of specimen. Holes were made in femurs with a sterile bur
(Stabilok™ 0.53 mm drill; Fairfax Dental Inc. London, UK.) using a dental drilling device,
to allow placement of the implant. Then, both implant types were manually screwed into
the femur, immediately removed, and subsequently incubated in an osteogenic culture
medium, i.e. a-MEM, supplemented with 10 % fetal calf serum (FCS, Gibco), 50 μg/ml
ascorbic acid (Sigma, Chemical Co, St Louis, MO, USA), 50 μg/ml gentamycin, and 10 mM
Na ß-glycerophosphate (Sigma), and

10 B M dexamethasone (Sigma) Incubation was

performed in a humidified atmosphere of 95% air, 5% CO2 at 370C The medium was
changed every 2 to 3 days. Samples were retrieved after the various incubation time
points. Of all implant types, also control screws, which were not placed into the bone,
received the above mentioned treatment

2.5 Total DNA Analysis
After 24 hours, 12 samples for each type were taken out for DNA analysis Culture
medium was removed and 3 implants were pooled and submerged in 200 μΐ MilliQ
o

water and frozen at -20 C until analysis, ( i.e. resulting in n=4)
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defrosted, sonicated, and vortexed. The total DNA content was assessed by PicoGreen
dsDNA Quantitation kit (Molecular Probes, Eugene, OR, USA]. After brief centrifugation,
to 100 μΐ supernatants, 100 μΐ PicoGreen working solution was added. After incubation,
the fluorescence of each sample was measured in duplicate at 520 nm with a
spectofluorometer, and DNA amounts were calculated from a standard curve.

2.6 Calcium content
To determine the calcium phosphate deposition on the surface, 200 μΐ of 0.5 M acetic
acid was added to samples collected at 1, 6, 12, and 24 days. Samples were shaken
vigorously overnight to dissolve calcium (Ca) from deposited mineralized extracellular
matrix (ECM). Then calcium content in the samples was measured by the orthocresolphthalein complexone (OCPC) method. First, 80mg OCPC (Sigma) was added in 75
ml H2O with 0.5 ml 1 Ν KOH and 0.5 ml 0.5 M Acetic acid to prepare the OCPC solution.
Then, working solution was prepared according the following formula: 5 ml OCPC
solution was added to 5 ml 14.8 M ethanolamine/boric acid buffer (pH=ll), 2 ml 8hydroxyquinoline and 88 ml MilliQ water. Finally, 300 μΐ working solution was added to
10 μΐ sample or standard and measured at 570 nm with a spectofluorometer.

2.7 Scanning Electron Microscopy (SEM)
Duplicate samples from day 1, 6, 12 and 24 were rinsed twice with PBS, fixed in 2%
glutaraldehyde for 5 min and subsequently washed with 0.1 M Na-cocadylate buffer.
Thereafter, samples were dehydrated in a graded series of ethanol, dried with
tetramethylsilane, and kept dry until SEM evaluation. Just before analysis, gold was
sputtered on the specimens. The specimens were examined and recorded using SEM
microscopy.

2.8 Histological procedures
The specimens for histology were fixed in formaldehyde 4%, dehydrated in ethanol, and
embedded (non-decalcified) in methylmethacrylate (MMA). After polymerization of the
MMA, thin (10 μιπ) non-decalcified sections were prepared with a modified diamond
blade sawing microtome technique (Van der Lubbe et al. 1988). Three sections were
made in a transversal direction perpendicular to the axis of the implant. The sections
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were stained with methylene blue/basic fuchsin and examined with a light microscope
to confirm the presence of bone-like tissue on the surface of implants

2.9 Statistical analysis
To ensure the reproducibility, two separate runs of the experiment were performed
which gave near identical results. All data as presented is from one experiment, and is
expressed as mean ± SD. Means between the two groups were compared by the use of a
Student's t-test. All calculations were performed with the GraphPad® Instat 3.05
software (GraphPad Software Inc., San Diego, CA, USA). Differences were considered as
significant when P<0.05.

3. Results
3.1 Surface characterization
a) UST (universal surface tester) analysis
Surface topographic evaluation demonstrated that both experimental surfaces differed
in surface roughness (Table 1). The turned implants showed an average surface macroand micro-roughness significantly lower than that of the etched implants.

Table 1:

The mean ± standard deviation value of surface roughness (Ra μm)

measurements

of both types of titanium screw-type implants

Macro roughness was

measured over a distance of 3 mm, whereas micro roughness was measured over a single
thread distance of 0.18 mm
Turned

Etched

Ρ value

1.330+0.09

2.420±0.29

P<0.05

1141±0 21

1.635±0.59

P<0 05

Macro roughness
Ra (μιη) distance
(O.00-3.00mm)
Micro roughness
Ra (μπι) distance
(0 00-0.18mm]
b) Scanning Electron Microscopy
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The surface morphology was also examined by SEM for each type of implant. The SEM
micrographs clearly show 2 different surface topographies (Figure 1]. Turned implants
showed a relatively smooth surface typical for titanium whereas some fabrication
artifacts were observed, usually adjacent to screw threads. The grit blasted and acid
etched surface showed a uniformly roughened surface.

3.2 Total DNA analysis
Total DNA analysis is presented in Figure 2. On day 1, significantly higher amounts of
DNA were found for the etched implants as compared to the turned ones.

2000
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Figure 2. Total DNA on day 1; note that levels are significantly higher for etched as
compared to turned implants. DNA measurements for all control groups were zero.
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3.3 Calcium content
Calcium content for turned and etched implants was measured as an indication of matrix
mineralization and is depicted in Figure 3. The amount of calcium was increased over
time, and was found to be significantly higher for etched implants compared to the
turned implants on day 1 and 6. No significant difference was found at the later time
points between the two groups. For control samples, which had not been inserted into
bone, no calcium content could be measured even after incubation for 24 days in the
same calcium and phosphate containing medium.

1000

100
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υ
10

1

6
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Time (days)
Figure 3. Calcium content measurements on day 1, 6, 12 and 24. On day 1 and day 6 the
etched implants have significantly higher calcium present on their surface as compared to
the turned implants (Note the logarithmic scale). Ca measurements for all control groups
were zero and due to presence of logarithmic scale could not be shown in the figure.

3.4 Scanning Electron Microscopy (SEM)
The results of the SEM analysis are depicted in Figures 4 - 6. SEM of experimental screw
type implants from day 1, 6, 12, and 24 revealed the presence of a bone-like tissue on
their surface (Figure 4). On day 1, bone-like tissue was seen on both types of implants as
the result of immediate implant removal after placement into the bone. Compared to the
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turned implants, the etched implants evidently showed a higher amount of bone like
tissue. On the turned implants the bone-like tissue was only present directly adjacent to
the screw threads. In contrast, the etched implants had bone-like tissue adhering over
almost their entire surfaces (Figure 5). With incubation time from day 1 to day 24, an
increase of tissue formation was visible on both types of implants. On day 6, when
compared to the turned implants, still more bone-like tissue was present on the etched
implants. On day 24, upon visual inspection, no difference could be observed anymore
(Figure 6). The control samples, which had not been placed into the bone, did not show
the build-up of mineralized material on their surface, even after 24 days of incubation
into same phosphate-rich culture medium.

Figure 5. Surface of experimental groups (turned and etched] on day 1. Magnification of
micrographs is 500x. Note that on the turned implants the bone-like tissue is only adherent
to screw threads, in contrast etched implants contained more and more evenly distributed
bone-like tissue.

3.5 Histological evaluation
Histological evaluation also confirmed the presence of bone-like tissue on both types of
implants (Figure 7). With increased incubation time from day 1 to day 24, an increase of
tissue formation was observed on all implants. However, more bone-like tissue was seen
on the etched compared to the turned implants. At higher magnification, the bone like
tissue was characterized by osteoblasts and osteocytes embedded into an extracellular
matrix. Furthermore, a noticeable difference existed between the old bone particles
which stained a darker red compared to the newly formed extracellular matrix, thus
confirming that the deposited material was a bone-like tissue, not just a mineralized
matter.
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Figure
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machined

etched

Figure 6. Surface of experimental groups (turned and etched) visualized by SEM on day 6
compared to day 24. Magnification of all Figures is 250x.

Figure 7. Light micrographs of histological sections showing bone-like tissue on the
surface of the implants. In Figure 7A (turned) and 7B (etched) implants can be seen at day
6. In Figure 7C turned implants at day 24 are shown. Magnification of all Figures from 7AC is lOx. In Figure 7D higher magnification of turned implants at day 24 is shown
(Magnification 40x).
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4. Discussion
In the present study, we investigated the effect of surface roughness on the amount and
osteogenic response of bone particles that are translocated onto the surface of dental
implants during their placement into the bone Our findings (SEM, DNA analysis, calcium
content, and histology) confirmed that the amount and subsequently osteogenic
response of these translocted bone particles was significantly higher on etched

as

compared to turned (smooth) implant surfaces
The validity of the animal model used in the present study has been confirmed in
our previous study (Dhore et al 2008) However, some modifications were executed
Most noticeable is that herein an osteogenic culture medium containing dexamethasone
was used to evaluate the osteogenic response of the translocated bone particles In the
present study, we confirmed the presence of bone-like tissue after one day of incubation
by SEM micrographs Cell activity was also evident by the presence of high amount of
DNA at early time points The amount of DNA present at day 1 was significantly higher
for etched as compared to turned implants This is in accordance with our SEM findings
However, a DNA decline on later time points was observed (data not shown) As
reported before, this is explained by impaired DNA retrieval due to the mineralization
(Dhore et al 2008, Owen et al 1990, Ter Brugge et al 2002) Thus we chose not to
present DNA data after day 1
The normal range of Ra for turned implants is from 0 45 μιη to 0 7 μιτι
(Vandamme et al 2008) Turned implants used in the present study have Ra value of
114 (±0 21) μηι which can be explained by different screw design in dental implants
and implants used in present study Diversity exists m measurement methods for
evaluating surface profile of dental implants Therefore, precise comparison in various
studies is complicated (Shalabi et al 2006) However, m recently performed systematic
review, wide range of surface roughness ranging from Ra/Sa 0 5 μιτι up to 8 5 μηι have
been suggested which can positively influence the bone response around the implant
(Shalabi et al 2006)
The SEM micrographs and Ca measurements demonstrated the deposition of
mineralized/calcified tissue with a gradual increase m amount from day 1 to day 24, on
the turned as well as on the etched implants Many studies have confirmed the
differentiation of osteoblast-like cells in the presence of dexamethsone Moreover,
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formation of calcified tissue has been observed after 12 to 14 days of incubation of such
cells in the same culture medium ( Ter Brugge et al. 2002; Maeda et al. 2007). We
therefore concluded that translocated bone particles indeed played a major role in the
further development and mineralization of bone-like tissue on implants.
Osseointegeration is a dynamic process during its establishment as well as its
maintenance (Berglundh et al. 2003). The implant's surface topography can influence
the rate and extent of osseointegeration, which is generally expressed by the amount of
bone-to-implant contact (BIC) (Abrahamsson et al. 2004). For example, in poor bone
quality sites, implants with an acid etched surface (Osseotite®, Implant Innovations,
Inc., Palm Beach Gardens, FL, USA; OSS group) can achieve a significantly higher B1C as
compared to implants with a turned surface ( Veis et al. 2007; Weng et al. 2003).
Furthermore, clinical results suggested that surface roughened implants have 5 times
low failure rate (3.2%) as compared to turned implants (15.2%) (Khang et al. 2002).
In recent years many in vivo and in vitro studies have been performed to
understand the exact mechanism behind superior healing response of roughened as
compared to smooth implants. Several studies demonstrated that rough surfaces
provide favourable environment for attachment (Mustafa et al. 2000 and 2001),
differentiation and proliferation (Lossdorfer et al. 2004; Martin et al. 1995; Boyan et al.
2002) of osteoblast like cells and other biological activities (e.g. release of growth
factors) ( Kieswetter et al. 1996) involved in bone healing process. Rough surfaces are
considered 'osteophilic' as final outcome of healing process may highly depend on
surface characteristics of implants (Abrahamsson et al. 2004). In the present study, we
presented a new aspect which might also be contributing in known beneficial effect of
surface roughness: rough surfaces are capable in loosening more bone particles as
compared to turned surfaces, which on their selves function as micro bone transplants.
Our hypothesis is supported by a recently performed animal study which confirmed that
loosened host bone fragments/particles became enveloped in a newly formed periimplant trabecular bone and might favour osteogenesis (Franchi et al. 2005).
In the present study, for the first time, we clearly demonstrated that implant
surface roughness can increase the amount of the translocated bone particles and
thereby also have a beneficial effect on the osteogenic response. It can be hypothesized
that these bone fragments behave like a miniature auto-graft and may play a significant
role to enhance peri-implant osteogenesis. However, further in vivo studies should be
95
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performed to better understand the role of translocated bone particles in the process of
new bone formation. Also optimization of surface topography should be evaluated to
take advantage of this additional effect of surface roughness.
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1. Introduction
Parameters considered essential for the success of dental implants include, implant
hardware (design, surface characteristics), and clinical factors (surgical technique, host
bone, loading) (Albrektsson 1981). Recently, the major focus in research was
developing superior implant hardware, and less attention has been paid to clinical
parameters (Albrektsson 2001). As surgical trauma and bone quality are considered
critical factors for early failure (Esposito et al., 1998), several modifications of the
surgical technique are described, especially in patients with compromised bone quality
(Sennerby et α/.1992; Summers 1994; Friberg et al. 1999; Bahat 2000). Accordingly,
the undersized drilling technique was introduced, to locally optimize bone density by
using a final drill diameter considerably smaller compared to the implant diameter
(Friberg et al. 1999). Thus, lateral bone compression along the implant is increased
resulting in higher insertion torque, which is in turn an indicator of higher primary
stability (Shalabi et al. 2006; Tabassum et al. 2009a). Primary implant stability is a
prerequisite to obtain an intimate bone-implant-contact without an intervening
fibrous tissue layer (Lioubavina-Hack et al. 2006).
In the present study, besides enhancing the primary stability, we focused on a
possible additional reason for the success of the undersized surgical technique. In
various animal studies, histological examinations revealed that bone fragments are
interspersed between bone marrow spaces with evident signs of remodeling of these
fragments (Hayakawa et al. 2000; De Smet étal. 2006). In previous m vitro studies, we
investigated the translocation of bone particles during implant placement and how
these particles can play a role in osteogenesis. We confirmed that during implant
placement, bone fragments are displaced, and upon translocation have osteogenic
potential (Dhore et al. 2008). Implant roughness increases the amount of such
particles thereby also having beneficial effects on the osteogenic response (Tabassum
et al. 2009b). As a logical next step, for the current study we hypothesized that
undersized drilling, in addition to enhancing primary implant stability, also may have a
positive influence on the amount and osteogenic response of these bone particles,
compared to the conventional press-fit surgical technique. This translocation of bone
particles might act as miniature auto-grafting, and stimulate peri-implant bone healing.
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2. Material and methods
2.1 Dental Implants
Thirty eight tapered, screw-shaped implants (10mm length, 4.0mm diameter;
Biocomp® Industries, Vught, the Netherlands) were used. Surfaces were grit-blasted
and acid etched. Scanning electron microscopy (SEM) and universal surface testing
(Innowep gmbh, WOrzburg,

Germany) were

utilized

to characterize

surface

topography.

2.2 Bone Specimens
From 3 goats (control animals from another study; approval Radboud University
Nijmegen Ethics Committee # DEC2007106) the iliac wings were collected, comprising
a cortical layer of approximately 1mm thickness on both sides and in between
trabecular bone with an average thickness of 5mm (Figure 1). The bone was obtained
directly post mortem, and washed three times in alpha Minimal Essential Medium; (aMEM; Gibco, Breda, The Netherlands) with 0.5mg/ml gentamycin and 3μg/ml
fungizone (Sigma, Chemical Co., St.Louis, MO, USA).

2.3 Implant Installation
After washing, the bone was placed in sterile saline-soaked gauze to prevent
dehydration. All cavities were prepared using a dental drill (kavo EWL Dental gmbh,
Biberach, Germany) at a speed of 800 rpm with copious external cooling. Implants
were installed using bicortical fixation with penetration of both cortical plates. Two
approaches were employed:
Press-fit (conventional)

surgical technique: According to the protocol of the

manufacturer, drilling was started with a round drill (diameter 3mm), and the pilot
drill (diameter 2.55mm). The hole was widened by a series of drills, i.e. 3.4, and 4mm
in diameter as labeled by the manufacturer. Subsequently 4mm diameter implants
were installed.
Undersized (modified) surgical technique: Exactly the same approach as for the
conventional technique was followed; however the final drill (4mm) was skipped.
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2.4 Insertion Torque Measurement
The Digital® torque gauge instrument (MARK- 10 Corporation, New York, NY, USA)
was used to install and measure the peak insertion torque values (n=9)

2.5 Histological Procedures and Histomorphometry
Implants (n=3 for both techniques) were inserted in the iliac crest bone with their
perimeter at a minimum distance of 3mm. After insertion, bone samples were cut into
smaller pieces containing one implant. After fixation in 4% buffered formalin, the
samples

were

dehydrated

m

ethanol

and

embedded

(non-decalcified)

in

methylmethacrylate. Subsequently, ΙΟμπι sections were prepared parallel to the long
axis of the implant using a modified diamond blade sawing microtome technique (Van
der Lubbe et al 1988), and stained with methylene blue and basic fuchsin. The
percentage of bone implant contact (%BIC), and average particle diameter/size
(n=100) were determined using light microscopy and digital image analysis (Leica
Qwin Pro, Wetzlar, Germany). Finally, around the entire implant a region of interest
was chosen up to a distance of ΒΟΟμιη from the implant surface. In this region, all bone
fragments were counted.

2.6 Micro-Computed Tomography (Micro-CT) Evaluation
Micro-CT equipment (skyscan-1172, Skyscan Ν V., Aartselaar, Belgium) was used for
3D reconstruction of the specimens to examine the translocation of bone particles
along the implant

2.7 Implant Removal and Tissue Culture
Immediately after placement, the implants were gently screwed-out of the bone and
incubated in osteogenic culture medium, ι e. Α-MEM, with 10% fetal calf serum (FCS,
Gibco), 50μg/ml ascorbic acid, 50μg/ml gentamycin, 10mm Na ß-glycerophosphate
and 10 8 M dexamethsone (all Sigma) at 370C. The medium was changed every two to
three days. Samples were retrieved after day 1, 6, 12 and 24 (n=4 for each technique/
time point).
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2.8 Scanning Electron Microscopy (SEM)
Samples (n=l) were fixed m 2% glutaraldehyde, dehydrated in ethanol, dried in
tetramethylsilane, and kept dry until SEM evaluation After gold was sputtered on the
specimens they were examined (Jeol 6310, Tokyo, japan)

2.9 Calcium Content
To determine the osteogenic response of the translocated bone tissue particles, the
amount of calcified matrix on the implants (n=3) was quantified First, 500μ1 of 0 5M
acetic acid was added to each sample Then, the samples were shaken overnight to
dissolve calcium from the deposited mineralized extra cellular matrix Hereafter, the
calcium content was calculated by the orthocresolphthalein-complexone (OCPC)
method (Connerty et al 1966)

2.10 Statistical Analysis
All data was expressed as means ± SD Means were compared by Student's t-test Data
was considered statistically significant at p<0 05 (Instat 3 05, graphpad Software Ine,
San Diego, CA, USA)

3. Results
3.1 Surface Characterization:
Surface evaluation demonstrated an average surface roughness Ra=l 16±0 Οόδμιπ, and
height distribution Rq=l 5±0 Ιΐμπι Scanning electron microscopy showed a uniformly
roughened surface topography

3.2 Insertion Torque Measurements
The mean insertion torque values were significantly higher for undersized (40 80 ±
9 23 Ncm) as compared to press-fit technique (30 13 ± 5 33 Ncm)
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3.3 Histological Evaluation
For the press-fit surgical technique, cortical bone on both sides of implant was mainly
in contact with the implant surface. Trabecular bone was seen only in contact with the
implant at the top of the screw threads. Few translocated bone particles were
observed in between screw threads and not in trabecular voids.
For the undersized surgical techniques the cortical bone on both sides of implants was
almost entirely in contact with the implant. Trabecular bone was found in close contact
with the major part of the implant and the inner area of the screw threads was filled
with bone. Upon visual inspection, numerous bone particles were visible filling both
the screw threads of the implant as well as the trabecular voids (Figure 1).

3.4 Histomorphometric Evaluation
Histomorphometric evaluation (Figure 1) demonstrated that the total %BIC was
significantly higher for implants placed with the undersized technique. This difference
in BIC % was also observed when the measurement was subdivided and trabecular
bone or cortical bone were regarded separately. Moreover, a significantly higher
number of translocated bone particles were observed for undersized (192.2 ± 23.02)
compared to press-fit (62.5 ± 6.14). In contrast, there were no significant differences in
the size measurements on the particles. With the undersized technique the average
particle diameter was 69.4 ± 64.8μιη and area was 3108.1± 6322.8μΓη2. With the press2

fit this was 63.4± 56.2μιη and 2175.4 ± 2846.7μπι respectively.

3.5 Micro-CT Evaluation
After 3D reconstruction the effect of both surgical approaches was compared (Figure
2). At the exit site of the cortical plate that opposed the entry site, more translocation
of bone particles along the long axis of implant surface was observed for the
undersized compared to the press-fit technique. This confirmed the histological
results.
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Figure 1: Overview showing the placement of the implants inserted in the iliac wing of a goat. The histological sections of implants
inserted with the press-fit technique showed that the cortical bone on both sides of implant was mainly in contact with the surface of the
implant. The trabecular bone was seen only in contact with the implant at the top of the screw thread. Few translocated bone particles
were observed between the screw threads and in the trabecular voids. The undersized surgical technique resulted in the cortical bone on
both sides of implants being almost entirely in contact with the implant surface. Here, also the trabecular bone was found in close
contact with the major part of the implant and the inner area of the screw threads was filled with bone. Many translocated bone
particles were visible filling the screw threads of implant (asterisk), and few particles were observed in the trabecular voids. The graph
shows the % bone implant contact (total %B/C, %BIC for trabecular bone and %BIC for cortical bone) for the pressfit and undersized
surgical technique (mean±SD; n=3). * =p<O.OS.
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Figure 2: Micro CT pictures showing the translocation of bone particles (arrows) along the
long axis of the implant when using the undersized as compared to the press-fit technique
(Note that more bone particles are translocated for undersized technique). The inbox
figures are the histological picture of the same implants confirming enhanced
translocation of bone particles along the long axis of implants placed with the undersized
surgical technique.

3.6 Scanning Electron Microscopy
SEM observation revealed the increasing presence of a bone-like tissue on all implants
over time. Implants inserted with the undersized technique showed a higher amount
of bone-like tissue on days one and six compared to press-fit technique (Figure 3),
whilst no visual difference was observed later. Moreover, deposition of the bone-like
tissue varied notably with respect to the surface characteristics on each individual
implant. Macro-threads and the apex showed more mineralized tissue formation,
compared to the micro-threads and the smooth middle parts of the implant (Figure 3).
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Figure 3: Surface of experimental groups (press-fit and undersized) visualized by SEM.
The implants placed with undersized techniques contained more bone-like tissue on their
surface as compared to press-fit implants on day 1 and day 6 (magnification

12x).

Details show more bone like tissue on the macrothreads and the apex as compared to the
smooth middle part and the microthreads of the implant (magnification 50x).
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3.7 Calcium Content measurements
Calcium content (Figure 4) was measured to quantify the formation of a bone-like
mineralized matrix. The amount of calcium increased gradually over time, and was
significantly higher for implants inserted with the undersized technique on days one
and six. After day 12, no significant differences were observed anymore, confirming
the SEM results.
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Figure 4: Calcium measurements (meantSD; n=3)for press-fit and undersized surgical
techniques. On day 1 and day 6 the implants placed with the undersized technique showed
a signifcantly higher amount of calcium present at their surface as compared to the pressfit inserted implants. * = p<0.05
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4. Discussion
This study focused on the effect of surgical technique on primary stability as well as
the amount and osteogenic response of bone particles, which are translocated along
the surface of implants during their placement into bone. Implants inserted with an
undersized technique need significantly higher insertion torque values and resulted in
a higher %BIC, indicating improved implant stability. In addition, histology, SEM, and
Ca measurements demonstrated that the amount and subsequently osteogenic
response of the translocted bone particles was higher for the implants placed with the
undersized technique.
When regarding our study design, the concept of press-fit and undersized
surgical technique needs additional clarification. Also within the concept of press-fit
implant placement there is a limited component of "undersized" drilling; we noticed a
discrepancy in actual drill diameter as compared to the diameter labeled on the drills
by the manufacturer. For example, when the label indicated a drill diameter of 4mm,
the actual drill diameter was 3.4mm. This observation is factual for tapered screw-type
implant systems, e.g., when an implant with a diameter of 4mm has to be placed, the
corresponding final drill is also named four, mainly to prevent confusion. In reality,
however, the drill diameter is smaller to allow self tapping for the press-fit installation
of the implant. The technique of undersized drilling as used in the current study,
therefore, refers to an additional step of reduction in drill diameter.
The outcome of the present study indicates that undersized drilling enhances
the primary implant stability. This finding is in accordance with our earlier study,
performed on synthetic bone blocks (Tabassum et al. 2009a) and other in vitro studies
(Sakoh et al. 2006; Beer et al. 2007). In addition, various clinical reports underscore
the vital role of an adaptive or undersized protocol to achieve higher success rates in
low density maxillary bone (Friberg et al. 2002; Òstman et al. 2005; Östman et al.
2006) or in patients with osteoporosis [Friberg et al. 2001).
Histological evaluation showed that for implants placed with the undersized
technique most bone particles were translocated. This observation was confirmed by
SEM micrographs and Ca measurements. After one and six days of culturing, a
significantly higher amount of calcium for the implants placed with the undersized
technique was determined. Of course, the increase observed on day 6 to certain extent
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could be due to the higher amount of bone on the implants placed with undersized
technique at day 1. In our previous study the osteogenic potential of translocated bone
particles was proven, and the bone-like tissue was characterized by osteoblasts and
osteocytes embedded into an extracellular matrix (Tabassum et al.2009b). However, at
longer culture times no differences could be discerned. Apparently, the role of the
translocated bone particles is only limited to the initial post-implantation period.
Similar observations are described in animal studies, in which host bone
fragments/particles has been observed after surgery (Franchi et al. 2004), which
favored the peri-implant osteogenesis (Franchi et al. 2005). In this study however, the
bone chips were described as completely devoid of osteocytes and simply included
within the new bone at 90 days from surgery. Apparently, their main function was like
an autologous bone graft, in which only a limited amount of osteocytes survive,
however, promoting osteoinduction and osteoconduction as well.
Another interesting observation in the current study was the different
deposition pattern of the translocated bone particles on the different parts of the
implants. Macro-threads and the apex of the implant did show more bone-like tissue
formation on their surface as compared to micro-threads and the smooth middle part
of the implant. It has been confirmed that thread design has a significant influence on
the stress distribution

pattern in the bone, consequently affecting

implant

biomechanics (Hansson 1999; Hansson and Werke 2003; Steigenga et al. 2003). Many
studies have been performed to evaluate the biomechanical influence of implant
design, i.e. Stress/strain distribution (Hansson and Werke 2003) and primary stability
(Akkocaoglu et al. 2005; Akca et al. 2006; Rabel et al. 2007), while only few studies
described the biological effect of bone formation pattern and bone implant contact
around different parts of the implant in time (Rasmusson et al. 2001; Steigenga et al.
2003). In the present study, for the first time we have addressed the topic of how
implant design influences the loosening and behavior of translocated bone particles.
Understanding of the biological effect of implant design is crucial as it may lead the
implant dentistry towards a new era of higher success rate in different loading
conditions especially at compromised bone sites like the posterior maxilla.
In conclusion, as compared to press-fit placement, the undersized surgical
technique offers the implant a higher primary stability along with more translocated
bone particles having a positive influence on the osteogenic response. The limitation of
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the current study is that the effect of the translocated bone particles was studied in
laboratory conditions as many other biological factors can influence the remodeling
process of these bone particles in vivo. Inevitable, reducing the drill diameter will have
a clinical limit. At some point, the insertion torque will be too high and biological
damage will result in peri-implant bone necrosis. The undersized technique used in the
present study however is not as severe, and already has been validated in a goat study.
After 12 weeks of implantation no bone necrosis or fibrous tissue encapsulation was
observed (Shalabi et al. 2007). Still, further in vivo studies should be performed to
evaluate the exact mechanism behind the favorable results of undersized drilling in
addition to increasing primary implant stability and to better understand the beneficial
role of translocated bone particles in the process of new bone formation.
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1. Introduction
Titanium implants are a widely used treatment modality in dentistry (oral implants,
maxillofacial reconstruction), orthopedics (hip and knee replacement, spinal fusion),
and reconstructive surgery (LeGeros and Craig 1993). After installation of a titanium
implant, a sequence of cellular and extracellular healing events takes place at the boneimplant interface (Fini et al 2004), which closely resemble to those occurring at bone
wound or fracture healing sites (Futami et al. 2000). Pen-implant healing starts from
blood clot formation. Thereafter, the osteogenic cells begin to deposit bone-related
proteins to form a non-collagenous layer on the implant surface that is rich in calcium,
phosphorus, osteopontin and bone sialoprotein, quite similar to the bone cement lines
and the laminae hmitans (Marco et al 2005). This early deposition of calcified matrix
is followed by new woven bone and then by reparative trabecular bone formation
(Franchi et al. 2005). This early trabecular bone formation provides initial biological
fixation to the implant (Berglundh et al. 2003) and ultimately remodels into lamellar
bone (Chappard et al. 1999). Furthermore, it is shown that the pen-implant area also
contains host bone fragments enveloped in newly formed bone (Franchi et al. 2004).
Since the implant surface is in contact with the surrounding tissues immediately
after implant installation, in the past decades tremendous efforts have been put
towards improvement of the implant surface characteristics. Common modifications
are alterations in roughness (Shalabi et al. 2006) and chemistry (different organic and
inorganic coatings) (de Jong et al. 2004). Surface roughness favours both the primary
(Tabassum et al 2009a, 2010a) and biological stability of an implant. Roughened
implant surfaces are supposed to stimulate the bone cell response (attachment,
proliferation and differentiation) (Mustafa et al. 2000 and 2001; Martin et al. 1995;
Boyan et al. 2002) resulting in a higher percentage to bone-implant-contact (Veis et al.
2007; Weng et al. 2003). An additional advantage of surface roughening has been
recently demonstrated Normally during implant placement, small bone particles are
displaced, which have an osteogenic potential (Dhore et al. 2008) The amount of
particles is the resultant of the surgical drilling procedure (De Smet et al. 2006;
Hayakawa et al. 2002; Tabassum et al. 2010b). Increased surface roughness can
further enhance the amount of displaced bone particles, which will have a beneficial
effect on the osteogenic response (Tabassum et al 2009b). However, the exact role
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played by these translocated bone particles in the pen-implant osteogenesis needs to
be further evaluated.
Consequently for the current study, we hypothesize that translocated bone
particles behave like a miniature auto-graft and can play a significant role in enhancing
new bone formation. Therefore, the aim of the present study is to determine the role of
these bone particles in the process of new pen-implant bone formation and, as such,
reveal some potential clinical applications. For this purpose, an in vitro study was
performed that was subsequently followed by an in vivo study in goats

2. Material and methods
2.1 Dental Implants
Thirty one screw-shaped

dental implants (Biocomp® Industries, Vught, The

Netherlands) were used. All implants were 10 mm in length and 4.0 mm in diameter
Their surfaces were first grit-blasted and subsequently acid etched. Scanning electron
microscopy (SEM) and a universal surface tester (Innowep GmbH, Wurzburg,
Germany) were used to characterize the surface topography of the implants.

2.2 In vitro Study
First, an m vitro study was conducted to proof the presence of viable host bone
particles on the implant surface For this purpose, implants were placed into goat
cadaver bone and immediately removed. Subsequently, the amount of translocated
bone attached to the implant surface was assessed using DNA and calcium
measurements

2.2.1 Bone Specimens
From the pelvis of one goat, which was a control animal in another study, the iliac
wings were collected immediately post mortem. The bone specimens were washed
three times 15 minutes in alpha Minimal Essential Medium; (cc-MEM Gibco BRL, Life
Technologies B.V. Breda, The Netherlands) with 0.5 mg/ml gentamycin and 3 μg/ml
fungizone and then placed in sterile gauze soaked into stenle saline to prevent
dehydration.
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2.2.2 Implant Installation
Implant Installation: All bone cavities were prepared using a dental drill (KaVo EWL
Dental GmbH, Biberach, Germany) at a rotational speed of 800 rpm together with
copious external cooling with sterile saline Screw-shaped dental implants, 10 mm in
length and 4.0 mm in diameter (Biocomp® Industries, Vught, and the Netherlands)
were used. The final drill diameter used was 3.4mm Each implant was installed using a
Digital® torque gauge instrument (MARK-10 Corporation, New York, NY).

2.2.3 Implant Removal and Tissue Culture
Immediately after placement, three implants were manually screwed-out from the
bone and subsequently

incubated in osteogenic culture medium, ι e. ct-MEM,

supplemented with 10 % fetal calf serum (PCS, Gibco), 50 Mg/ml ascorbic acid (Sigma,
Chemical Co., St.Louis, MO, USA), 50 μg/ml gentamycin, and 10 mM Na ßglycerophosphate (Sigma) and 10-8 M dexamethsone (Sigma) at a humidified
atmosphere of 5% C02 at 370C for 24 hours

2.2.4 Total DNA Analysis
After 24 hours, the culture medium was removed. Subsequently, the implants were
submerged in 500 μΐ ml MilhQ water and frozen at -20oC until analysis (n=3) At the
time of analysis, the cell lysates were defrosted, sonicated, and vortexed The cell
number, as measured by the total DNA content, was assessed by the Pico Green dsDNA
Quantization kit (Molecular Probes, Eugene, OR, USA). After brief centrifugation, to 100
μΐ supernatants 100 μΐ PicoGreen working solution was added. After incubation, the
fluorescence

of each sample was measured in duplicate at 520 nm with a

spectofluorometer. DNA amounts were calculated from a standard curve

2.2.5 Calcium Content
Calcium content was measured for the estimation of the amount of autogenous bone
particles on the surface of implant For this purpose, 500 μΐ of 0.5 M acetic acid was
added to each sample (n=3). Subsequently, the samples were shaken vigorously
overnight to dissolve calcium phosphate (CaP) from the transloctated bone particles.
Subsequently, the calcium content in the samples was measured by the ortho-
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cresolphthalein complexone (OCPC) method as described before (Connerty et al.
1966).

2.2.6 Scanning Electron Microscopy (SEM)
To observe the morphology of the bone particles immediately after screwing out, one
sample was rinsed twice with phosphate-buffered

saline (PBS), fixed in 2%

glutaraldehyde for 5 min, and subsequently washed with 0.1 M Na-cocadylate buffer.
Thereafter, the sample was dehydrated in a graded series of ethanol, dried with
tetramethylsilane, and kept dry until SEM evaluation. Just before analysis, gold was
sputtered on the specimen. Finally, the specimen was examined and recorded using a
Jeol 6310 SEM system (Tokyo Japan).

2.3 In vivo Study
After confirmation of implant coating with translocated bone particles, the second step
was to study the role of such particles in peri-implant bone formation. For this
purpose, the following animal study was conducted.

2.3.1 Animal model and implantation procedure
Three healthy mature (2-4 years of age) female Saane goats, weighing approximately
60 kg, were used. Approval of the Experimental Animal Ethical Committee was
obtained (RUDEC 2008-170) and national guidelines for the care and use of laboratory
animals were observed. All surgical procedures were performed under general
inhalation anaesthesia and sterile conditions. To reduce the risk of peri-operative
infection, the goats received pre-operative 10mg/kg Amoxicillin® (Centrafarm, Ettenleur, The Netherlands) intravenously and post-operative at day 1 and day 3 50mg/ kg
intramuscularly Albipen® LA (Intervet BV, Boxmeer, the Netherlands). Analgesic
Finadyne® (lmg/kg three times a day) was administered for 2 days after surgery.
Before placement of the implants, the animals were immobilized in a ventral position.
The pelvic area of goats was shaved and the anatomical structures were marked. A
transverse skin incision was made, starting from the upper medial side of the iliac
crest, subsequently continuing towards the anterior superior iliac spine in lateral
direction on both sides of vertebral column (Schouten et al. 2010). The incision was
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continued through the underlying tissue layers until the periosteum was reached
Then, the periosteum was detached and elevated aside, exposing the iliac crest.
Subsequently, nine implant holes (four on one side and five on the other side of the
animal; randomly distributed between the left and right iliac crests) were drilled in
each animal for equal distribution of each group in every animal; a total of 27 implants
(n=9) were inserted. The distance between the holes was 4-5 mm The bone cavities
were prepared with a gentle surgical technique, using rotational speeds (800 rpm) and
continuous internal cooling with sterile saline For the installation of the implants,
three different approaches were used (Figure 1):
1: 'Bone coated' implants After exposure of the iliac crest, a hole was drilled using
sequential drills up to 3.4 mm diameter, in which a 4 mm diameter implant was placed
After installation, the implant was immediately removed and subsequently placed as a
'bone coated' implant in a freshly prepared site where the diameter of the hole was the
same as the diameter of the implant. For this purpose, the same drilling sequence was
followed, but an additional 4 0mm drill was used.
2: Donor site implants: Into the leftover holes from the first group, new implants were
installed.
3: Control implants: A hole was prepared analogous to the diameter of the implant in
accordance to the manufacturer's protocol (all drill diameters as mentioned in the
implant installation protocol of the manufacturer).
2.3.2 Insertion Torque measurements
The Digital® torque gauge instrument (MARK-10 Corporation, New York, NY, USA) was
used to install all the implants and to measure the peak insertion torque values (n=9).
After implant placement, the soft tissues and skin were closed in layers with
resorbable sutures (Vicryl® 2.0, Ethicon Products, Amersfoort, the Netherlands) After
three weeks of implantation, the goats were euthanized with an overdose of
Nembutal® (Apharmo, Arnhem, the Netherlands), the iliac wings were harvested, and
excess tissue was removed. Using a diamond blade saw the iliac crests were divided
into smaller pieces, each containing just one implant along with a layer of 2-3mm
surrounding bone These were immediately fixed m 4% formaldehyde for one week
and placed in 70% ethanol for micro computed tomography (micro CT) analysis.
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Figure 1. Schematic presentation of placement of screw-type implants with three different
approaches i.e., 1) Bone coated implants 2) Donor site implant; and 3) Control implants.
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2.3.3 Micro CT analysis
Micro-CT (Skyscan-1172, Skyscan Ν V, Aartselaar, Belgium) was used to reconstruct a
3D model and subsequently bone volume fraction (bone volume/total volume) of the
iliac crests was determined

2.3.4 Histological

preparations

Subsequently, all specimens were dehydrated in a graded series of ethanol (70-100%),
washed with acetone, and embedded (non-decalcified) in methylmethacrylate (MMA)
After polymerization of the MMA, thin (10 μηι) non-decalcified sections were prepared
(at least three of each implant) with a modified diamond blade sawing microtome
technique (Van der Lubbe et al 1988) The sections were made in a longitudinal
direction parallel to the long axis of the implant and subsequently stained using
methylene blue and basic fuchsin

2.3.5 Histological and histomorphometrical
To evaluate

evaluation

the bone response around the implants, histological as well as

histomorphometrical analyses were performed using a light microscope (Leica
Microsystems AG, Wetzlar, Germany) and image analysis software (Leica qwin proimage, V 2 5) was used for histomorphometrical evaluation Quantitative measurement
on the percentage bone-implant contact (%BIC) and bone area (%BA) were performed
on both sides of the histological image for three different sections of each implant To
meet this goal, the implant was subdivided into three parts ι e, the upper part with
macro-threads, smooth middle part of implant and the apical part The %BA was
calculated in three zones around the implant, the inner zone (Ο-ΒΟΟμπι), the middle
zone (500-1000μΓη), and the outer zone (1000-1500μηι) (Figure 2)

2.4 Statistical analysis
All data were expressed as a mean ± SD To test the effect of the independent variable
group, an ANOVA model was used In this model the independent variables animal,
different implant parts and the interaction between different implant parts and group
were entered For differences between groups a Bonferroni correction was used The
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statistical significant level was set at 5%. All calculations were performed with the SPSS
software (IBM® SPSS 16.0).

upper part

middle part

apical part

Figure 2. Histological section of a 'bone coated' implant (magnification 2.5X) showing the
division of the implant into three different parts and the indication of different zones for
histomorphometrical analysis. Each implant was divided into three parts; 1: upper macrothreads 2) smooth middle part; 3) apical part. In these areas %bone area was calculated
around the implant in three zones; inner zone (O-SOOßm); Middle zone (500-1 OOOßm);
Outer zone (1000-1500pm).

3. Results
3.1 Surface Characterization
Surface evaluation demonstrated an average surface roughness of Ra=1.16±0.065 μιτι,
and a height distribution of Rq=1.5±0.11 μπι. Scanning electron microscopy showed a
uniformly roughened surface topography (Figure 3-A).
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Figure 3. Surface of titanium
implants visualized by SEM (in
vitro ) .
A: Surface of the acid etched
implants (magnification 2500
x) showing uniformly rough
surface.
B: Bone-like tissue was
observedßrmly adhered to the
surface of the implant
(magnification 12x).
C: Macro-threads of the implant
filled with bone like tissue
(magnification 50x).
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3.2 In vitro Study
3.2.1 DNA and calcium analyses
DNA was measured to estimate the number of cells present on the surface of the
implant. The amount of DNA calculated for all implants after 24 hours was
103.68±27.92 ng/ml Cell number was determined by assuming that the amount of
DNA per cell is 6 pg (Piko et al. 1967). Consequently, there were 3000 cells per implant
surface, i.e., approximately 10-15x103 cells/cm2. The amount of calcium calculated
after 24 hours was 174.07±29.68 μg/ml.

3.2.2 Scanning Electron Microscopy
The results of scanning electron microscopy are depicted in Figure 3. SEM revealed the
presence of bone-like tissue on the surface of the implant. Dislocated bone particles
were generally observed on screw vents and very occasionally on top of screw threads.
A dense mineralized layer could be observed on the smooth middle part of the implant.
The distribution pattern of the bone particles was different for different parts of the
implant, and generally more pronounced on macro-threads and the apical part as
compared to the micro-threads and the smooth middle parts of the implant.

3.3 In vivo Study
3.3.1 Experimental animals
All animals remained healthy after the surgery. At sacrifice no signs of inflammation or
adverse tissue reaction could be seen. Of the 27 installed, a total of 26 implants could
be retrieved. One implant was located too close at the distal edge of the iliac crest and
was lost during retrieval.

3.3.2 Mechanical testing
The insertion torque values for 'bone coated' implants were 23.60±6.31 Ncm; for
donor site implants 20.77±7.85 Ncm, and for control implants 22.34±9.05 Ncm. No
statistically significant differences were demonstrated between the three groups.
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3.3.3 Micro-CT Evaluation
Bone volume fraction (bone volume/total volume) calculated for the iliac crest bone
was 20.8±6.1% (Figure 4).

Figure 4: Micro CT 3D image of bone coated implant. For the iliac crest a well-defined
trabecular structure was observed. The bone trabeculae were perpendicular to the long
axis of the implant. No well-deßned cortical layer could be noticed.

3.3.4 Histology
Light microscopic examination of the implants (Figure 5) demonstrated uneventful
bone healing around all implants without any signs of inflammation. The iliac crest of
the goat mainly consisted of trabecular bone, while at the upper border of iliac crest
the bone seemed to be more compact. Due to the presence of a cartilaginous plate at
the top of each iliac crest, a few coronal micro-threads were in contact with the iliac
bone and this area was excluded for further analysis. All sections showed that the
drilling procedure was accurate as the apical parts of all implants were in contact with
the surrounding bone (Figure 5C, 5F, 51). No intervening fibrous tissue layer was
observed between any implant and the surrounding bone.
The 'bone coated' implants demonstrated that most of the screw vents were
completely filled with newly formed bone. The bone was in close contact with the top
of the screw threads and bone ingrowth was visible from the top of the screw threads
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into the screw vents (Figure 5A & 5C) The trabecular bone visually appeared to be
more abundant compared to the control or donor site group The bone was in close
contact with the smooth middle part of the implant covering it almost entirely (Figure
5B) New bone formation was also observed at the apical part (Figure 5C)
Detailed examination of the 'bone coated' implants confirmed the presence of
autogenous bone particles firmly adhered to surface of the implant (Figure 6A) The
old host bone and the transplanted and translocated bone particles could easily be
distinguished from the newly formed bone, as the latter contained more irregularly
arranged osteocytes and was lighter in colour The transplanted bone particles were
enclosed in newly formed bone and in intimate contact with the implant surface
(Figure 6A) In addition, many translocated bone fragments were noticeable m the
pen-implant area, near or next to the implant surface These displaced irregular
shaped bone particles were enclosed in newly formed bone (Figure 6B) In the calcified
tissue many large rounded osteoblasts and osteocytes were visible Both contact and
distance osteogenesis could be noticed
Histological examination of the donor site implants (Figure 5) revealed the
presence of translocated particles between the screw threads near to the implant
surface but also in the trabecular voids Again remodelling of these bone fragments
was observed m this group Most of the screw threads were filled with newly formed
bone (Figure 5D & 5F) However, upon visual inspection the trabecular bone ingrowth
into the screw threads appeared to be more pronounced compared to the control
implants Also the smooth middle part was in close contact with the host bone (Figure
5E)
Finally examination of the control implants showed that the trabecular bone
was only in contact with the implant at the top of the screw threads (Figure 5G &5I)
The smooth middle part of the implant was only partially in contact with bone (Figure
5H) The bone trabeculae were organized in form of arches and bridges Few
translocated bone particles were observed in the proximity of the implant surface and
in the trabecular voids, although they sometimes were found enclosed in newly formed
trabecular bone
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Figure 5: Histological overview of all three groups, 1) 'bone coated' implants; 2) donor site
implants: 3) control implants. Magnification of all images is 5X. Histological examination
demonstrated that the healing response was almost similar for all implants, however, new
bone formation was more pronounced in implants placed with 'bone coated' implants. In
addition donor site implants also showed better healing response as compared to control
implants.
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Figure 6; A: Light micrographs of a 'bone coated' implant (Magnification lOOx).
Transplanted autogenous bone particles dark red in colour (TP) were observed firmly
attached to the surface of the implant. These bone particles were found completely
enclosed in newly formed bone; Osteoblasts (OB) are visible on the surface of bone
trabeculae. B: Light micrograph of a 'bone coated' implant (magnification 40x).
Translocated bone particles (BP) were found completely enveloped in newly formed bone.
These bone particles are darker in colour and irregular in shape.

3.3.5 Histomorphometrical

analysis

The mean data regarding histomorphometry for all groups are depicted in Figure 7.
The 'bone coated' implants demonstrated a significantly higher %B1C as compared to
the control implants. Furthermore, the %BA in both the inner and middle zone was
significantly higher for the 'bone coated' implants compared to the control implants,
while no significant difference could be observed for the most outer zone. The donor
site implants showed also a significantly higher %B1C as compared to the control
implants. However, no significant differences were found with respect to %BA [inner,
middle and outer zone). No statistical difference could be observed between 'bone
coated' and donor site implants.
The data was also assessed in more detail for the separate parts of the implant
(Table 1). Data calculated for the macro-threads of the implant demonstrated a
significantly higher % B1C for 'bone coated' as compared to control implants. With
respect to %BA, a significant difference was observed for the 'bone coated' implants
versus the control implants for the inner and middle zone. The smooth-middle part of
the implant demonstrated significantly higher % B1C for 'bone coated' as compared to
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control implants. Finally, the apical part of the implant demonstrated significantly
higher % B1C for 'bone coated' as compared to control implants as well.

• Control
• Donor-site
• Bone-coated

%BIC

%BA Inner

%BA Middle

%BA Outer

Figure 7: Histomorphometrical analyses of the overall data measured for bone coated,
donor site and control implants after 3 weeks of implantation. The significantly higher
%BIC could be observed for bone coated and donor site implants compared to the control
implants. The bone coated implants also demonstrated significantly higher %BA in the
inner and middle zone compared to the control implants.a: p<0.05

4. Discussion
Clinical success of the dental and orthopaedic implants is characterized by a direct
bone-implant contact without intervening fibrous tissue layer (Brânemark et al. 1977).
The present study focused on the role of translocated bone particles in the bone
biological fixation of titanium implants. The fn vitro data confirmed the presence of
translocated bone particles on the surface of implants when immediately removed
after installation. The m vivo goat study demonstrated a significantly higher %B1C and
% BA for 'bone coated' implants as compared to the control implants. Insertion torque
measurements showed no significant differences in terms of primary implant stability
between all groups.
Although several animal models are available to evaluate the healing response
of titanium implants, unfortunately no convincing model was available to mimic bone
of poor quality. Recently, in our lab, we have introduced the iliac crest of the goat as a
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novel animal model for implant placement. The iliac crest bone mainly consists of
porous trabecular bone with almost no cortical layer. The bone volume fraction in the
iliac crest (20.8±6 1%) was significantly lower than reported for the femoral condyle
of goat (57%) (Schouten et al. 2010). These properties make the iliac crest model
highly appropriate for evaluating the bone healing response in low density bone.
The outcome of the present study confirmed the presence of numerous
translocated bone particles in the pen-implant space and that these particles were
completely surrounded by newly formed trabecular bone in all three groups. Similar
observations were described in other animal studies (Franchi et al. 2005) Our results
suggest that after drilling, a preparation bed should not be washed with saline, thereby
protecting the translocated bone particles that play a significant role in pen-implant
bone healing. In addition 'bone coated' implants showed a significantly higher %BIC
and %BA as compared to the control group. This can be explained by a threefold effect
of the transplanted bone particles, as they performed like an autograft, which is
considered osteogenetic, osteoinductive, and osteoconductive (Misch and Dietsh
1993).
Surprisingly, the data from the present study also indicated no negative, or
maybe even a slightly positive outcome for the donor site implant as in fact a higher
%BIC was found compared to the control implants. It can be hypothesized that the
surgical trauma due to undersized preparation technique and subsequently
unscrewing of the implant triggered extra bone formation. An earlier performed study
corroborates these findings (Ivanoff et al. 1997). Furthermore, Frost's theory of the
regional acceleratory phenomenon (RAP) also states that an injurious stimulus can
accelerate the bone modelling and remodelling process (Frost 1994).
In the present study, it was confirmed that transplanted autogenous bone
particles were present on the implant surface as a coating, and as such have potential
to improve the bone bonding. The key question is; can the effect of 'bone coated'
implants be mimicked in clinical practice by applying autologous bone tissue onto the
implant's surface before placement to enhance the bone-inducing properties of the
implant? As harvesting autologous implicates a second surgical site and therefore
additional pain and discomfort, we suggest two alternative approaches. First bone
debris that is produced during the drilling procedure for the placement of the implants
can be collected with bone collectors and subsequently used for coating the implant.
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The collection of bone debris during the use of high-speed drills has been reported in
the literature and new and efficient devices are under development (Kainulainen et al.
2006).

Secondly, with respect to oral implantology, when multiple implants are

needed both in the maxilla and mandible, the implant site in the mandible can serve as
a donor site. The 'bone coated' implants can then be placed in the maxilla because
higher failure rates are usually reported for the maxilla (Glauser et al. 2001). After
removal of the 'bone coated' implant, a new implant can be placed in the mandible
without detrimental effects as was observed in the present study.
In the present study, a potential tissue engineering approach, i.e., miniature
auto-grafting is introduced in which small bone particles can be transplanted. An
advantage of such an approach is that tissue is used from the same embryonic origin.
The facial skeleton is derived from neural crest cells in contrast to the rest of the
skeleton that is derived from the mesoderm (Couly et al. 1993). Recently, it has been
demonstrated that stem cells derived from iliac crest have positional memory, which
could negatively affect their behaviour after grafting into for instance the jaw bone
(Leuchtetal. 2008).
In conclusion, bone particles that are displaced during implant placement play a
vital role in promoting new bone formation around titanium implants. In addition, on
the basis of the results obtained in vitro and in vivo study, we suggest that the titanium
implants can be coated with autogenous bone particles and can significantly enhance
the biological performance of titanium implants. Therefore, further pre-clinical studies
are needed to evaluate the potential application of 'bone coated' implants in clinical
practice.
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1. Summary
Titanium implants have become a widely used treatment option in dentistry and
orthopaedic surgery. The ultimate goal for using titanium implants is to obtain early and
strong fixation in host bone that is characterized by an optimal bone-implant contact.
Although high clinical success rates have been reported for different implant systems,
implant failures still occur especially in high risk patients like those associated with
smoking, osteoporosis, bone metabolic disorders, Crohn's disease, irradiation therapy
etc. Also locations with a low bone density like the posterior maxilla show reduced rates
of success. Parameters considered essential for implant survival include 1) host bone
quantity and quality, 2) surgical technique for implant installation, 3) implant hardware
(design, surface characteristics) and 4) loading conditions.
In general, the aim of the current thesis was to investigate the role of the surgical
technique and surface roughness in the process of peri-implant bone formation. In
chapter one, a brief overview of the healing events and the above mentioned parameters
effecting peri-implant osteogenesis is presented. Thereafter, we answered following
research questions:

1: How do the surgical technique and surface roughness influence the primary
stability of an implant in low density maxillary bone?
To get an insight into the effect of surgical technique and surface roughness on primary
stability of implant especially in low-density maxillary bone a biomechanical study was
executed. In this study, eighty screw shaped (Biocomp®) implants with machined or
etched surface topography were inserted into a low-density-bone equivalent. Solid rigid
Polyurethane blocks (Sawbones®) with two different bone densities (group A=0.32g/cc;
group B=0.48g/cc) were used which were closely related to the density of the maxilla.
The implant sites were prepared either by a press-fit or by an undersized technique.
Peak insertion and removal torques were measured by using a Digital® torque gauge
instrument. Independent of the used surgical technique, both implants types showed an
increased mean insertion and removal torque values with increasing bone density.
Insertion and removal torque values were 54.3±5.3 and 43.5+6.5 Ncm for group A and
89.3±7.6 and 58.0±4.7 for group B, respectively. For group A and B, both implant types
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showed statistically higher insertion and removal torque mean values for the undersized
compared to the press-fit technique (p<0.01). In addition also etched implants showed a
statistically higher insertion and removal torque mean values compared to machined
implants (p<0.01). Consequently, it was concluded that the placement of etched
implants in synthetic bone models using an undersized preparation technique resulted
in enhanced primary implant stability. Furthermore, a correlation was found between
primary stability and bone density of the synthetic bone. Implicating that in case of an
implant site with low bone density, by changing the surgical concept and choosing an
implant with an optimal surface roughness, the primary stability can be enhanced
significantly.

2: What is the effect of the surgical technique and surface roughness on the
primary stability of an implant in bone of different qualities (as described by
Lekholm andZarb)?
Subsequently, in chapter three of the current thesis, the interrelated effect of both
surface roughness and surgical technique on the primary stability of dental implants in
different host bone qualities was investigated. For the experiment, 160 screw-designed
implants (Biocomp®), with either a machined or an etched surface topography, were
inserted into polyurethane foam blocks (Sawbones). As an equivalent of trabecular
bone, a density of 0.48 g/cm 3 was chosen. To mimic the cortical layer, on top of these
blocks short-fibre-filled epoxy sheets were attached with a thickness varying from 0 to
2.5mm. The implant sites were prepared using either a press-fit or an undersized
technique. To measure the primary stability of the implant, both the insertion and the
removal torques were scored. Independent of the surgical technique used, both implant
types showed an increased insertion and removal torque values with increasing cortical
thickness, although for 2mm cortical layer no further increase in insertion torque was
observed. In the models with only trabecular bone (without cortical layer) and with a
1mm cortical layer, both implant types showed a statistically higher insertion and
removal torque values for undersized compared to the press-fit technique. In addition,
etched implants showed a statistically higher insertion and removal torque mean values
compared with machined implants. In the models with 2 and 2.5mm cortical layers, with
respect to the insertion torque values, no effect of either implantation technique or
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implant surface topography could be observed. From these experiments, it was
concluded that the placement of etched implants in synthetic bone models using an
undersized preparation technique resulted in enhanced primary implant stability In
addition, a correlation was found between the primary stability and the cortical
thickness. However, at or above a cortical thickness of 2mm, the effect of both an
undersized surgical approach, as also the presence of a roughened (etched] implant
surface, had no extra effect.

3: Is there a biological limit for the undersized surgical technique, which is
commonly employed to achieve a higher primary stability?
In order to investigate the influence of different implant placement techniques on the
early bone healing response, an in vivo study was designed using iliac crest of goat as an
implantation model. In this study, 24 cylindncal-screw-type implants with a diameter of
4.2 mm (Dyna®) were installed, using three different surgical techniques; 1) 5%
undersized, using a final drill diameter of 4 mm; 2) 15 % undersized, using a final drill
diameter of 3.6 mm; and 3) 25% undersized, using a final drill diameter of 3.2 mm. After
an implantation period of three weeks the pen-implant bone response was histologically
evaluated and the percentage of bone-implant-contact (%BIC) calculated. New bone
formation was more pronounced for implants placed with the 5% undersized or 15%
undersized technique, as compared to implants installed with the 25% undersized
technique. Histomorphometncal data corroborates these findings as the %BIC was
significantly higher for implants inserted with the 5% undersized (47.7±11.1) or 15 %
undersized protocol (47.5±9.5) as compared to implants inserted with the 25%
undersized technique (32.1±9.7) No significant difference in %B1C could be observed
between the 5% undersized and 15 % undersized installed implants. Within the
limitation of this study, it was concluded that excessive compression of the host bone,
when reducing the discrepancy in diameter between implant and final drill diameter
more than 15%, can result in an inferior tissue response in the early stage of healing In
addition, to compare research results in the future, it is advised to specify the term
'undersized' by mentioning the real reduction in diameter as a percentage.
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4: How does surface roughness affect the displacement of osteogenic bone
particles during placement of titanium implants?
Many in vivo and in vitro studies have been performed to understand the mechanism
underlying the superior healing response of roughened as compared to smooth
implants. It has been recently demonstrated that bone-debris, which is translocated
during dental implant placement, has osteogenic potential. Therefore, in this chapter, we
evaluated the influence of implant surface roughness on the amount of translocated
bone debris/particles and thereby the osteogenic response. For this purpose, small
titanium implants were left turned (smooth), or blasted and acid etched. The implants
were placed in fresh cadaver bone. After explantation, the implants were incubated in a
culture medium containing b-glycerophosphate and dexamethasone up to 24 days.
Subsequently, histology, scanning electron microscopy (SEM), DNA analysis, and calcium
(Ca) content measurements were performed. For both types of implant during implant
placement, bone particles were translocated because of inherent roughness of the
implant. SEM and histology confirmed the presence of a bone-like tissue on the surface
of both type of implants, as also confirmed by DNA and Ca measurements. However, the
significantly higher roughness of the etched implants accounted for more bone debris
and accordingly elevated osteogenic response. Control samples, which had not been
placed into bone, did not show mineralization in the same medium. The present study,
for the first time, demonstrated that implant surface roughness can increase the amount
of the translocated bone particles and thereby also have a beneficial effect on the
osteogenic response of these bone particles. It can be hypothesize that these bone
fragments behave like miniature auto-grafts and thereby might play a significant role to
enhance peri-implant osteogenesis. Optimization of surface topography should be
evaluated to take advantage of this additional effect of surface roughness.

5: Has the applied surgical technique, besides an effect on primary stability,
also an effect on the amount and osteogenic response of bone particles which
are translocated during implant installation?
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In our previous chapter, we demonstrated that implant roughness increases the amount
and osteogenic response of displaced bone particles As a logical next step, for the
current chapter we hypothesized that undersized drilling, in addition to enhancing
primary implant stability, also may have a positive influence on the amount and
osteogenic response of these bone particles, compared to the conventional press-fit
surgical technique To achieve this goal, Biocomp® implants were inserted into
bicortical fresh-cadaver bone by a press-fit or an undersized surgical technique, and
peak-insertion torque values (IW) were measured After explantation, the implants
were incubated in culture medium up to 24 days. Histology, bone implant contact (BIC),
micro-CT, scanning electron microscopy (SEM), and calcium (Ca) measurements were
performed. ITV were significantly higher for implants placed with an undersized
technique Moreover, histology, BIC, micro-CT, SEM, and Ca measurements confirmed
the presence of more bone-like tissue on implants inserted with an undersized
technique On the basis of the results obtained, we concluded that the undersized
surgical technique not only results in higher primary-implant stability, but also induces
more translocated bone particles, thus having a positive influence on the osteogenic
response

6: What is the exact role of the translocated and transplanted bone particles
in the process of peri-implant bone formation?
7: Can autogenous bone particles be coated onto the implant surface and
what are the potential clinical applications of such "bone coated" implants?
Finally, in the chapter seven, we presented an in vivo study which was designed to
determine the precise role of above mentioned translocated-bone-particles in penimplant osteogenesis. First, an in vitro study was conducted. Dental screw-type implants
were placed into cadaver bone and immediately removed The translocated-boneparticles were evaluated by scanning electron microscopy, DNA analysis and calcium
measurements Subsequently, an animal study was performed. Implants were placed in
goats using three approaches, 1) implants were placed, then removed, and subsequently
replaced as 'bone-coated' implants into fresh prepared holes; 2) new implants were
installed in the original leftover holes, from the first group, and named as 'donor site'
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implants; 3) control implants were inserted according to the manufacturer's protocol.
After three weeks, micro-computed tomography and histomorphometerical analyses on
the percentage bone-implant-contact (%BIC) and bone-area (%BA) were performed. In
vitro data confirmed the presence of a viable bone-like-tissue on the surface of the
implants. In vivo results showed a significantly higher %BIC and %BA for the 'bonecoated' as compared to the control implants. No detrimental effect on bone healing of
the 'donor site' implants was noticed. Bone-particles that are displaced during implant
placement play a vital role in promoting peri-implant osteogenesis. Implants coated
with autogenous bone particles accelerate the peri-implant osteogenesis. In addition, on
the basis of the results obtained in both the in vitro and in vivo study, we suggest that
the titanium implants can be coated with autogenous bone particles and, thereby, can
significantly enhance the biological performance of titanium implants. Therefore, further
pre-clinical studies are needed to evaluate the potential application of 'bone coated'
implants in clinical practice.

147

2. Closing remarks and future perspectives
With respect to endosseous implants, the current thesis has provided further insight
into the influence of different parameters on pen-implant osteogenesis Based on the
biomechamcal experiments on artificial bone, it is suggested that an undersized surgical
approach in combination with surface roughened implants is a good option to enhance
primary implant stability, especially in low density bone However, in high density bone,
in terms of primary stability, an undersized surgical approach or presence of a
roughened implant surface had no added beneficial effect
A correlation was found between primary stability and bone density as well as
cortical thickness of the synthetic bone Our in vivo investigations demonstrated that the
undersized surgical technique has some biological limitations as excessive compression
of the host bone can result in an inferior tissue response in the early stage of healing
Only few studies have been performed to evaluate the biological effect of the undersized
surgical technique with respect to bone response and bone-to-implant contact
Therefore, further animal studies should be performed to evaluate an optimal ratio of
discrepancy between implant bed and implant diameter for the different implant
systems
Further we investigated the role of bone particles that are displaced during
implant installation, the influence of surface roughness of the implant, as well as the
used surgical technique on the amount of these bone particles was explored For the first
time, it was demonstrated that implant surface roughness and undersized surgical
technique can increase the amount of the translocated bone particles This enhancement
in translocated bone particles also implicates an improved osteogenic response To take
advantage of this additional effect of surface roughness, more research is necessary to
optimize the surface topography of titanium implants
Our in vivo experiments demonstrated that translocated bone particles can play a
vital role in promoting new bone formation around titanium implants This finding
suggests that after drilling, a preparation bed should not be washed with saline, thereby
protecting the translocated bone particles that play a significant role in pen-implant
bone healing To better understand the role of these translocated bone particles in the
process of new bone formation, additional in vivo studies are needed
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Taking advantage of the phenomenon of translocated bone particles, a novel
tissue engineering approach, the so-called "miniature auto-grafting" is introduced;
implants, already coated with bone particles, were tested. The results demonstrated that
these "bone coated" implants can significantly enhance the biological performance of
titanium implants Therefore, for future research, it would be of high interest to perform
further pre-clmical studies to evaluate the potential application of 'bone coated'
implants in the clinical practice. Improvement of this tissue engineering approach will
not only benefit dental implantology, but also can be translated into the field of
orthopaedics and reconstructive surgery
Considering the afore mentioned, future research should focus on correlation
between

implant

hardware, surgical

technique, and

patient

related

factors.

Understanding of the biological effect of the surgical technique in relation with implant
hardware (surface characteristics and design i.e cylindrical or tapered) is crucial as it
may lead the implant dentistry towards a new era of higher success rates especially in
compromised bone sites
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Opmerkingen
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1. Samenvatting
Titanium implantaten worden veelvuldig toegepast zowel binnen de tandheelkunde als
de orthopedische chirurgie Bi) het gebruik van titanium implantaten is het uiteindelijke
doel om vroegtijdig een sterke fixatie te verkrijgen in het botweefsel van de patient
Deze fixatie wordt gekenmerkt door een optimaal bot/implantaat contact Alhoewel
hoge

klinische

succespercentages

zijn

gerapporteerd

voor

verschillende

implantaatsystemen, komt implantaat falen ook nog steeds voor, vooral bij hoognsico
patiënten, zoals het geval is bij roken osteoporose, stofwisselingsziekten, of na
bestralingstherapie.

Ook het plaatsen van implantaten op locaties met een lage

botdichtheid, zoals in de bovenkaak, verhoogt het risico op implantaatverhes De
parameters die van essentieel belang geacht worden voor de overleving van een
implantaat zijn 1) de kwantiteit en kwaliteit van het bot, waarin geïmplanteerd wordt,
2) de chirurgische techniek gebruikt tijdens het implanteren, 3) de implantaat hardware
(ontwerp, oppervlakte-eigenschappen) en 4) de mechanische belasting.
In dit proefschrift wordt de rol beschreven van de chirurgische techniek, als ook van het
implantaatoppervlak, op de pen-implantaire botvorming. Het eerste

hoofdstuk

behandelt de pen-implantaire wondgenezing en de invloed van de bovengenoemde
parameters hierop. Vervolgens worden de volgende onderzoeksvragen beantwoord.

1: Hoe beïnvloeden de chirurgische techniek en de ruwheid van het
implantaatoppervlak de primaire stabiliteit van een implantaat in bot met
een lage dichtheid?
Om inzicht te verkrijgen in het effect van de chirurgische techniek en de ruwheid van het
oppervlak op de primaire stabiliteit van implantaten werd eerst een biomechanische
studie uitgevoerd

In deze studie werden tachtig schroefvormige

(Biocomp®)

implantaten, met machinaal verkregen of geeiste oppervlaktetopografie, geplaatst in een
synthetische botequivalent met een lage dichtheid. Hiervoor werden massieve blokken
polyurethaan (Sawbones®) met een vergelijkbare botdichtheid als in de bovenkaak
gebruikt (groep A = 0.32g/cc, groep Β = 0 48g/cc). De implantaatlocaties werden op
twee manieren gecreëerd;

met behulp van een "press-fit" techniek, waarbij de

boordiameter overeenkomt met de diameter van het implantaat, of met een
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"undersized" techniek, waarbij de diameter van de laatst gebruikte boor smaller is dan
de implantaatdiameter. De maximale torque waarden voor het inbrengen en
verwijderen van de implantaten werden gemeten met behulp van een Digital® torque
momentmeter.
Onafhankelijk van de gebruikte chirurgische techniek, vertoonden beide soorten
implantaten hogere gemiddelde waarden, voor zowel het inbrengen als het verwijderen
van het implantaat, bij een toenemende dichtheid van het bot. Ook ten aanzien van de
"undersized" ten opzichte van de "press-fit" implantatietechniek werden, zowel in groep
A als B, als ook voor beide implantaatoppervlakten, statistisch significante hogere
torque waarden gemeten (p<0,01). Verder vertoonden de geeiste implantaten een
statistisch significante hogere waarde, voor zowel het inbrengen als het verwijderen, ten
opzichte van de machinaal vervaardigde

implantaten

(p<0,01). Hieruit werd

geconcludeerd dat de "undersized" plaatsing van geetste implantaten in synthetische
botmodellen resulteerde in een verbeterde primaire stabiliteit. Dit impliceert dat bij lage
botdichtheid de primaire stabiliteit aanzienlijk kan worden verbeterd, door het
chirurgische concept te veranderen en tevens door gebruik te maken van een implantaat
met een optimale oppervlakteruwheid.

2: Wat is het effect van de chirurgische techniek en de ruwheid van het
oppervlak op de primaire stabiliteit van een implantaat, geplaatst in bot
bedekt met verschillende corticale diktes.
Vervolgens werd in hoofdstuk drie van dit proefschrift het effect onderzocht van zowel
oppervlakte ruwheid als van de chirurgische techniek, op de primaire stabiliteit van
tandheelkundige implantaten, geplaatst in synthetisch bot bedekt met verschillende
corticale diktes. Voor het experiment werden 160 schroefvormige

implantaten

(Biocomp®), met een machinaal bewerkte of geetste oppervlakte topografie, geplaatst
in polyurethaan blokken (Sawbones®). Als equivalent van trabeculair bot werd een
blok met een dichtheid van 0,48 g/cm3 gekozen. Om de corticale laag na te bootsen
werden bovenop deze blokken vezelgevulde epoxy platen bevestigd met een dikte
variërend van 0 tot 2,5 mm De implantaat locaties werden wederom gecreëerd met een
"press-fit" of "undersized" chirurgische preparatie techniek. Voor het meten van de
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primaire stabiliteit van het implantaat werden de torque waarden gemeten, bij zowel
het inbrengen als verwijderen.
Onafhankelijk van de gebruikte chirurgische techniek, werden voor beide implantaat
types verhoogde waarden gevonden met het toenemen van de corticale dikte. Echter,
voor een corticale laag dikker dan 2 mm, nam de torque waarde bij het inbrengen niet
meer verder toe. In de modellen met alleen trabeculair bot (dus zonder corticale laag) en
met een corticale laag van Imm, vertoonden beide implantaattypes een statistisch
significant hogere weerstand voor het inbrengen en verwijderen van de implantaten,
indien deze waren geplaatst met de "undersized" techniek in vergelijking met de "pressfit" techniek. Daarbovenop vertoonden de geetste implantaten statistisch significante
hogere torque waarden dan de machinaal bewerkte implantaten. In de blokken met
corticale lagen van 2 en 2,5 mm kon bij het plaatsen geen effect meer worden
waargenomen voor implantatietechniek of implantaat oppervlaktetopografie.
Uit deze experimenten werd geconcludeerd dat plaatsing van geetste implantaten in
synthetische botmodellen met behulp van de "undersized" techniek resulteerde in een
verbeterde primaire stabiliteit. Bovendien werd een correlatie gevonden tussen de
primaire stabiliteit en de corticale dikte Echter, bij een corticale dikte vanaf 2mm
hebben de "undersized" chirurgische techniek en de aanwezigheid van een opgeruwd
(geetst) implantaatoppervlak geen toegevoegde waarde meer.

3: Is er een biologische limiet voor de "undersized" chirurgische techniek?
Om de invloed van verschillende implantatie technieken op de eerste stadia van
botgenezing te onderzoeken, werd een in vivo studie opgezet met de bekkenkam van de
geit als implantatie model. In deze studie werden 24 cihndrische schroefvormige
implantaten (Dyna®) met een diameter van 4,2 mm geplaatst. Drie verschillende
chirurgische technieken werden toegepast; 1) " 5% undersized", waarbij een laatste
boor met een diameter van 4 mm werd gebruikt; 2) "15% undersized", geplaatst met
een laatste boordiameter van 3,6 mm, en 3) "25% undersized", geplaatst met een laatste
boordiameter van 3,2 mm. Na een implantatie periode van drie weken werd de
botreactie rondom het implantaat histologisch geëvalueerd en het percentage BotImplantaat-Contact

(BIC%) berekend. De vorming van nieuw bot was meer

uitgesproken rondom implantaten die "5% undersized" of "15% undersized" geplaatst
154

Chapter 9

waren, in vergelijking met de implantaten geplaatst met een "25% undersized" techniek.
Histomorphometrie bevestigde deze bevindingen, aangezien het BIC% significant hoger
was voor implantaten die "5% undersized" (47,7±11,1) of "15% undersized" (47,5±9,5)
geplaatst waren, ten opzichte van implantaten die "25% undersized" geplaatst waren
(32,1±9,7). Tussen de "5% undersized" en "15% undersized" geplaatste implantaten kon
onderling geen significant verschil in BIC% worden waargenomen. Binnen de limiet van
deze studieopzet werd geconcludeerd dat een te sterk overdreven compressie van het
bot, zoals zal optreden bij te smalle bot preparatie, dus indien het diameterverschil
tussen boor en botpreparatie meer dan 15% bedraagt, kan resulteren in een inferieure
reactie van botweefsel tijdens de eerste stadia van genezing.
Het is aan te raden om voortaan de term "undersized" duidelijk te specificeren door het
noemen van de diameter van zowel de laatste boor als ook van het geplaatste
implantaat, met als doel toekomstige onderzoeksresultaten met elkaar te kunnen
vergelijken.

4: Is de oppervlakteruwheid van invloed op het verplaatsen van botvormende
partikels vanuit het geprepareerde botbed tijdens de implantaat plaatsing?
Er zijn vele in vivo en in vitro studies uitgevoerd om te onderzoeken waarom
opgeruwde implantaatoppervlakken een superieure genezingsreactie vertonen ten
opzichte van gladde implantaten. Onlangs is aangetoond dat kleine botpartikels, die
versleept worden tijdens het plaatsen van tandheelkundige implantaten, in potentie
kunnen bijdragen aan nieuwe peri-implantaire botvorming. Daarom is in dit hoofdstuk
de invloed van de implantaat oppervlakteruwheid op het gedrag van zulke botpartikels,
en hun botvormend vermogen, geëvalueerd. Voor dit doel werden kleine titanium
implantaten gebruikt. Deze werden, of glad gelaten, of opgeruwd door middel van
zandstralen en etsen. De implantaten werden geplaatst in vers kadaver bot. Vervolgens
werden de implantaten weer uitgenomen en tot 24 dagen lang geïncubeerd in een
kweekmedium

met glycerolfosfaat

en dexamethason. Hierna werden

analyses

uitgevoerd door middel van histologie, scanning elektronen microscopie (SEM), en
aanvullend de hoeveelheid DNA en calcium (Ca) bepaald. Bij beide implantaattypes
werden botpartikels aangetroffen, die tijdens het plaatsen vanuit de rand van het botbed
zijn

losgemaakt,

mede

onder

invloed

van
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de

inherente

ruwheid

van

het

implantaatoppervlak SEM en histologie bevestigde de aanwezigheid van een botachtig
weefsel op het oppervlak van beide implantaattypes, dit kwam overeen met de DNA- en
Ca metingen De aanzienlijk hogere oppervlakte ruwheid van de geetste implantaten
leidde tot een verhoogde aanwezigheid van partikels en dienovereenkomstig tot een
verhoogde botvormende reactie Controle implantaten, die met in het bot geplaatst
waren, vertoonden geen minerahsatie in het gebruikte kweekmedium Deze studie heeft
als eerste aangetoond dat door ruwheid van het implantaatoppervlak de translocatie
van botdeeltjes wordt verhoogd, en daarmee een positieve bijdrage wordt geleverd aan
de pen-implantaire botvorming De losgewoelde botfragmenten zouden zich wellicht
kunnen gedragen als miniatuur autologe bottransplantaten en kunnen daardoor een
belangrijke rol spelen bij het verbeteren van de botvorming rondom een implantaat
Optimalisatie van oppervlaktetopografie zou moeten worden geëvalueerd om volledig te
kunnen profiteren van dit bijkomende effect van oppervlakteruwheid

5 Heeft de toegepaste chirurgische techniek, naast een effect op de primaire
stabiliteit, ook een effect op de hoeveelheid botdeeltjes die verplaatst wordt
tijdens het plaatsen van een implantaat en daarmee op de pen-implantaire
botvorming?
In het vorige hoofdstuk is aangetoond dat het door aanbrengen van oppervlakteruwheid
op een implantaat de hoeveelheid verplaatste botdeeltjes en de daarmee gepaard
gaande botvormende reactie wordt verhoogd Als een logische vervolgstap werd in dit
hoofdstuk de hypothese onderzocht dat, in vergelijking tot de conventionele "press-fit"
preparatietechniek, ook "undersized" boren een positieve invloed heeft op de
botvormende respons en het aantal verplaatste botdeeltjes Om dit doel te bereiken
werden Biocomp ©-implantaten geplaatst in vers bicorticaal kadaverbot met een
"press-fit" of een "undersized" chirurgische techniek, waarna de maximale waarden van
het insertie torque (ITV) werden gemeten Na explantatie, werden de implantaten
gemcubeerd in kweekmedium tot maximaal 24 dagen Vervolgens werden histologie,
bot-implantaat contact (BIC), micro-CT analyse, scanning elektronenmicroscopie (SEM)
en calcium (Ca) metingen uitgevoerd De ITV waarden waren significant hoger voor de
implantaten geplaatst met een "undersized' techniek Verder toonden histologie, BIC,
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micro-CT, SEM, en Ca metingen de aanwezigheid van meer botachtig weefsel aan op de
implantaten ingebracht met de "undersized" techniek. Op basis van de verkregen
resultaten, concludeerden we dat de "undersized" chirurgische techniek niet alleen tot
een hogere primaire stabiliteit van het implantaat leidt, maar daarnaast ook zorgt voor
een verhoogde verplaatsing van botpartikels, waardoor een positieve invloed op de periimplantaire botvorming ontstaat.

6: Wat is de precieze rol van de verplaatste botdeeltjes in het proces van
botvorming rondom het implantaat?
7: Kunnen autologe botdeeltjes worden gebruikt om daarmee, vooraf aan
plaatsing, het implantaatoppervlak te bedekken, en wat zijn de mogelijke
klinische toepassingen voor een dergelijk implantaat?
Tenslotte werd in hoofdstuk zeven een in vivo studie opgezet om de precieze rol van de
hierboven genoemde translocatie van botfragmenten te bepalen. Voorafgaand werd een
in vitro onderzoek uitgevoerd. Schroefvormige tandheelkundige implantaten werden
geplaatst in kadaverbot en vervolgens aansluitend verwijderd. De gevormde botdeeltjes
werden beoordeeld door middel van scanning elektronen microscopie, DNA-analyse en
calcium metingen. Hierna werd een proefdier onderzoek uitgevoerd. In de bekkenkam
van geiten werden implantaten geplaatst op drie verschillende manieren 1) implantaten
werden geplaatst, aansluitend verwijderd, en vervolgens op een nieuwe locatie
herplaatst als "met botdeeltjes geladen" implantaten; 2) in de achtergebleven
botcaviteiten werden nieuwe implantaten geplaatst, 3) controle implantaten werden
geplaatst volgens standaard protocol. Na drie weken werden micro-computertomografie en histomorphometerische analyses uitgevoerd, waarna het percentage botimplantaat-contact (% BIC) en de dichtheid van het peri-implantaire bot (% BA) werden
bepaald. De in vitro gegevens bevestigden dat een levend botachtig weefsel op het
oppervlak van de implantaten aanwezig was. De in vivo resultaten toonden een
significant hogere %BIC en % BA aan bij de "met botdeeltjes geladen" implantaten in
vergelijking met de controle implantaten. Ook de nieuwe implantaten geplaatst in de
holtes, van waaruit eerder een implantaat was verwijderd (methode 2), vertoonden een
significant hogere %BIC in vergelijking met de controle implantaten.
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Botdeeltjes die verplaatst worden tijdens het plaatsen van implantaten spelen een
belangrijke rol in de botvorming rondom implantaten. Implantaten geladen met
autogene bot deeltjes versnellen de peri-implantaire botvorming. Op basis van de
verkregen resultaten in zowel het in vitro als in vivo onderzoek, valt af te leiden dat
titanium implantaten vòòr implantaatplaatsing kunnen worden bedekt met autogene
bot deeltjes, en dat daarmee de biologische eigenschappen van titanium implantaten
aanzienlijk worden verbeterd. Verdere pre-klinische studies zijn noodzakelijk om een
mogelijke toepassing van "met botdeeltjes geladen" implantaten voor de klinische
praktijk te evalueren.
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2. Afsluitende opmerkingen en toekomst
perspectief
Het huidige proefschrift is gericht op het verwerven van inzicht in de invloed van
verschillende parameters op de botvorming rondom titanium implantaten. Gebaseerd
op de biomechanische experimenten in synthetische bot, wordt voorgesteld dat een
"undersized"

chirurgische

benadering

in

combinatie

met

een

opgeruwd

implantaatoppervlak een goede optie vormt om de primaire stabiliteit van het
implantaat te verbeteren, met name in botweefsel met een lage dichtheid. Ten aanzien
van de primaire stabiliteit in bot met een hoge dichtheid heeft de "undersized"
chirurgische benadering of de aanwezigheid van een opgeruwd implantaatoppervlak
geen toegevoegde waarde meer.
Er werd een duidelijke correlatie gevonden tussen de primaire stabiliteit en de
botdichtheid, en tussen primaire stabiliteit en de corticale dikte bij het synthetische bot.
Het in vivo onderzoek toonde verder aan dat de "undersized" chirurgische techniek een
aantal biologische beperkingen kent, en dat overdreven compressie van het bot kan
resulteren in een inferieure weefselreactie in het vroege genezingsproces. Slechts enkele
studies zijn uitgevoerd om het biologisch effect van de "undersized" chirurgische
techniek te evalueren met betrekking tot de pen-implantaire botreactie en het
bot/implantaat contact. Om de optimale discrepantie tussen implantaat bed en
implantaat diameter vast te leggen voor de verschillende beschikbare implantaat
systemen dient meer onderzoek verricht te worden
Vervolgens werd de rol van de botdeeltjes onderzocht, die eerst losgewoeld en daarna
meegevoerd worden, tijdens het plaatsen van een implantaat. Daarbij werd de invloed
van de oppervlakteruwheid van het implantaat, en de invloed van de gebruikte
chirurgische techniek, op het gedrag van deze deeltjes beschouwd. Voor het eerst werd
aangetoond dat zowel de ruwheid van het implantaat oppervlak, als ook de "undersized"
chirurgische techniek het aantal botfragmenten kunnen verhogen. Deze verhoging in
translocatie

van

botfragmenten

impliceert

ook

een

betere

pen-implantaire

botvormende reactie. Om de oppervlakte topografie van titanium implantaten op dit
punt te optimaliseren is meer onderzoek noodzakelijk.
De in vivo experimenten hebben aangetoond dat verplaatste botfragmentjes inderdaad
een belangrijke rol kunnen spelen bij het bevorderen van vorming van nieuw bot
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rondom titanium implantaten. Deze bevinding suggereert dat, na het boren, een
preparaat bed niet behoeft te worden nagespeeld met een fysiologische zoutoplossing,
zodat de botfragmentjes zoveel mogelijk behouden blijven. Om meer inzicht te vergaren
in de rol van deze botdeeltjes en het proces van per-implantaire botvorming zullen nog
aanvullende in vivo studies nodig zijn.
Gebruik makend van het verschijnsel van de translocatie van botpartikels vanuit het
geprepareerde botbed, werd een nieuwe weefselregeneratieve benadering ingevoerd,
de zogenaamde "miniatuur autologe bottransplantatie". Implantaten, reeds vòòr
plaatsing bedekt met stukjes bot, werden getest. De resultaten toonden aan dat deze
"met botdeeltjes geladen" implantaten een aanzienlijk betere biologische prestatie
leveren. Voor de toekomst is het van groot belang verder preklinisch onderzoek te
verrichten naar de mogelijke toepassing van "met botdeeltjes geladen" implantaten voor
de klinische praktijk. Verbetering van deze weefselregeneratieve aanpak zal niet alleen
gunstig zijn voor de tandheelkundige implantologie, maar kan ook vertaald worden naar
vakgebieden als orthopedie en reconstructieve chirurgie.
Gezien het bovenstaande, dient toekomstig onderzoek te worden gericht op de
correlatie tussen implantaat hardware, chirurgische techniek, en patiënt gerelateerde
factoren. Inzicht in het biologisch effect van de chirurgische techniek in relatie tot
implantaat hardware (oppervlakte-eigenschappen en design) is van cruciaal belang, en
kan de tandheelkundige implantologie sturen in de richting van een nieuw tijdperk met
hogere slagingspercentages, in het bijzonder in het geval van gecompromitteerde
implantatie locaties.
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