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TABLE

9l Factors Influencing Probability of Implant
Fracture
Change in Probability of

Factor Implant Fracture

Use of stronger grades of titanium —72.9%
Bruxism +1819.5%
Directly adjacent to cantilever +247.6%

1 mm increase in implant length +22.3%

1 mm increase in implant diameter -96.9%

From Chrcanovic BR, Kisch J, Albrekisson T, Wennerberg A. Factors influencing the fracture
of dental implants. Cfin Implant Dent Relat Res. 2018;20:58-67. https://doi.org/10.1111/
cid. 12572
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4y -\:184 Relative Gain in Implant Surface Area
BB Attributable to Increasing the Implant Major
Diameter for Implants of the Same Length

Implant Diameter  Implant Length  Surface Area % Increase
3.5mm 10 mm 137.84 mm2 -
5.0 mm 10 mm 271.93mm?  97%
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Tension Compression Shear

V-Thread Butt Thread — Square Thread

e Fig. 3.3 Diagrams of Force Transmission by Different Implant Thread
Types. (A) V-thread: the direction of forces applied by V-form screw
threads. (B) Buttress thread: the direction of forces applied by buttress-
form screw threads. (C) Square thread: the direction of forces applied
by square-form threads. (Image courtesy of Glidewell Dental, Newport
Beach, California)
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For example: For example: For example: For example:
* Branemark System® (Nobel Biocare) * External Implant System » Inclusive® Tapered implant » NobeiReplace® (Nobel Biocare)
* Screw-Vent® (Zimmer Dental) (BioHorizons) (Glideweil Dental)

« Straumann® Standard
(Straumann USA, LLC)

 Fig. 3.19 Thread shapes of dental implants (V-thread, square, buttress, and reverse buttress). (Image
courtesy of Glidewell Dental, Newport Beach, California)
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T‘;?GL 8 The Mechanical Properties of Titanium Grades

1,4,5, and 23

Titanium Grade = Modulus of Elasticity ~ Tensile Strength, min

Grade 1 100 GPa 240 MPa
Grade 4 105 GPa 550 MPa
Grade 5 109 GPa 895 MPa
Grade 23 114 GPa 828 MPa

Min, minimum. From ASTM Intemational. ASTM B348-13, Standard Spegification for Titanium and
Titarium Afloy Bars and Billets. West Conshohocken, PA: ASTM Intemational; 201 3; waw.astm.omg.
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Engineering Properties of Metals and Alloys Used for Surgical Implants

Nominal Analysis ~ Modulus of Elasticity ~ Ultimate Tensile Strength Elongation to
Material (w/o) GN/m2 (psi x 106) MN/m2 (ksi) Fracture (%) Surface
Titanium 99+Ti 97 (14) 240-550 (25-70) >15 Ti oxide
Titanium-aluminum- 90Ti-BAI-4V 17 (17) 869-896 (125-130) >12 Ti oxide
vanadium
Cobalt-chromium-molyb- 66C0-27Cr-7Mo 235 (34) 655 (95) >8 Cr oxide
denum (casting)
Stainless steel (316L) T0Fe-18Cr-12Ni 193 (28) 480-1000 (70-145) >30 Cr oxide
Zirconium 99+Zr 97 (14) 552 (80) 20 Zr oxide
Tantalum 99 Ta — 690 (100) 1 Ta oxide
Gold 99+Au 97 (14) 207-310 (30-45) >30 Au
Platinum 99+Pt 166 (24) 131 (19) 40 Pt

Minimum values from the American Society for Testing and Materials Committee F4 documents are provided. Selected products provide a range of properties.
GN/n¥, Giganewton per meter squared; ksi, thousand pounds per inch squared; M/, meganewton per meter squared; w/o, weight percent.
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Engineering Properties of Some Inert Ceramics Used as Biomaterials

Modulus of Elasticity Ultimate Bending Strength
Material GN/m? (psi x 108) MPa (ksi) Surface
Aluminum oxide polycrystalline 372 (54) 300-550 (43-80) Al,0,
Single crystal (sapphire) 392 (56) 640 (93) Al;04
Zirconium oxide zirconia (PSZ) 195-210 (28-30) 500-650 (72-94) 210,
Titanium oxide (titania) 280 (41) 69-103 (10-15) Ti0,

These high ceramics have 0% permanent elongation at fracture.
GN/#, Giganewton per meter squared; ksi, thousand pounds per inch squared; MPa, megapascal.
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- BOX 5.1 [Advantages and Disadvantages of
Calcium Phosphate Ceramics

Advantages Disadvantages
e Chemistry mimics normal ¢ Variable chemical and
biological tissue (C, P, 0, H) structural characteristics
(technology and chemistry
related)
¢ Excellent biocompatibility ¢ Low mechanical tensile
and shear strengths
under fatigue loading
¢ Attachment between calcium ¢ Low attachment between
phosphate ceramics and coating and substrate
hard and soft tissues
e Minimal thermal and e Variable solubility
electrical conductivity
¢ Moduli of elasticity closer to ¢ \Variable mechanical
bone than many other stability of coatings under
implantable materials load-bearing conditions
¢  (Color similar to hard tissues e (veruse

* Extensive research
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* More esthetically pleasing

¢ Retains less plaque and calculus in comparison with titanium (less biofilm)

¢ Excellent flexural strength and fracture toughness

* Favorable and possibly better bone—implant contact in comparison with
fitanium

* Does not undergo corrosion

¢ No piezoelectric current with dissimilar metals

¢ Thermally nonconductive
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Clinical studies into long-term success are limited
One-piece implants require a load-free healing period

One-piece implants may require modification depending on positioning
Modification leads to reduction of physical properties of material

Lack of research on two-piece zirconia abutments

Slightly higher fracture rates than titanium
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+ BOX 7.1 Stress Treatment Theorem: Biological

‘versus Biomechanical
Biological Biomechanical
Implant Failure
Surgical failure Early loading failure
Inadequate healing Micromovement

Crestal Bone Loss

Periosteal reflection Cellular biomechanics
Osteotomy issues Engineering
Autoimmune (bacteria) Bone mechanics
Biological microgap Animal studies
Systemic Clinical reports
Prosthetic Complications: Biomechanical

Screw loosening Attachment wear
Component fracture Attachment fracture
Implant body fracture Denture tooth fracture
Restorative material Acrylic base fracture
Framework fracture Opposing prosthesis fracture

iaS e ) s o3 5 dms gl ol 18 b s 25T (al

B o )y Glyt] s cuaS e a4 i (o

O 50 (SeilSagm Jalge 5 JyodST oyl o o (555,b 4 231 S 5 Sojlsn T2 (2
W55l

el 00 sadlive ilias| sla g p do s 19 sga j8 (1Sl ysb 4 ©

g <

bl plEidg; sl )3 (2L S ST 9 Soldon linl 5l i)k (i (Silegn Jelge g J56ST o yiasl
5500

Sanl yilen 3590 pINS 53 Sl gy b b g9 -4
Caleal diz p (Sie lacrts jyi; 5 Jse lapluss (Al
Cabeal S5 (Sie slacria 5t 5 Jge slapls (o
Sileol aiz 5 (S lacrta gt 5 Joen gl (z
Cabeal S5 (Site slaciia i 5 e slaplas (o

oS <



23 ’ il eyl )3 (o anl loyd (5595 1 T Juad

€018 1 £ b (3 7505 298 IS Callpag] lalad G 4io 53 -5
ol @ 258 (0 SFon g 25,8 (Wl
Culal iy 52555 (o 6 S5 mrd 25,5 (2

>4 ;S <

Sl Caawyol oy 35 oIS Caangy yy (39,5 iy A )3 b alyl) 50 -6

035 LS 5 >z Loy 5l 5558 lgsinl Jalos bl oby SIS 555 oyl e ST (il
og.wkso oo live wyﬁ

b lacalea! b1 Js)le Glgsinl Jolos (Lol Jale plyie 4 Wlg oo 95 cnl (©
g 0pdls (B8l o cel Wl oo Camgn n Sileg s 00,5 ik (2

o 4255 B (5 ,5lS5T Al o 5 Logos Camgy (59,5 wily 5 (236 gl el e (5
wall 4,38 <

e oanlie ol duwgy 5 s c6yiS gl o sl 35 VSl gl oz S|

§ s a0 4y 35 P10 i | (095 gl A 48 b abayly 5o =7

D9 oo Devitalized (ylgsein] caloo] Glybol IMm alols ;o iagigiinl o o> as o (!

Db o pomiiae gl Judot 4 cagigiinl o,h> angs (b sl b (o

g 4255 B (5 )3lST Al po 30 Loges sogigiinl oyio a5 5| (51 Slysnl Jelos iee (&

sl iloagl BlLI gl oo Lol Jole olgie a5 Wl sod 5555 ol (6

@ 48 <

NPl (3392 50 Sl ) ogigtivnl > it (sloS Mg g 2900 S plie e @ Sl S 4l

b e pdmiae gl Julod 4 o (JS5)68

Sl w3l 4y 35 oIS (e (o | Grsly 4 )3 L alal 50 -8

55 smerks gl 31 sbise JU Sl ol sy 53t b ol ert 3 sl 42 UL (i

s b sdnline 4t Sl 1o ool o 0ol 1,3 clacaliayl 55T o Adell axdllas ulul (o

392y Ceibpag] BLLI Gaae oS 5 Jbias,S oyl Julos oles by, Lekholm axlas bl (z
PR

ol aeclal Sl s 5 gl Julow adsl e tlsie a1 wilys oo (5,95 ool (5

wall 4,38 <

5l el Jb Sl ysl (Jedyly (Sda b ghlew 5 (3 9 cileal oSl



