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Abstract

Tooth colored abutment is a demand of patients and clinicians in implant dentistry recently. With the 
introduction of zirconia implant abutment can be one of the solutions for this purpose. Even though zirconia has 
high flexural strength and fracture toughness, its long-term clinical performance is scarce in the literature. The 
purpose of this in vitro study was to evaluate the effect fatigue loads on screw loosening and fracture strengh of 
titanium and  alumina toughened zirconia abutment under dry and wet condition.      
Specimens were divided into three groups.  Five titanium and ten alumina toughened zirconia abutments were 
tightened with titanium abutment screws with a touque force of 30Ncm initially. Five titanium and alumina 
toughened zirconia abutments were received 1,000,000 fatigue loads with a magnitude of 300N  at an angle 
of 30 degree under the dry condition. The frequency of load was 14Hz. Another 5 alumina toughened zirconia 
abutment were loaded under 100% humid condition. After fatigue loads, the detorque value was recorded 
for all 15 abutments to calculate the effect of fatigue load and water. Finally to compare the effects of low 
temperature degradation affected by loads and water, Fracture srength of alumina toughened zirconia abutment 
was measured and compared. Statistical analysis was performed at the significance level of <0.05.      Screw 
loosening of titanium and alumina toughened zirconia abutment under dry condition were  10.2 + 1.6 Ncm 
and 9.5 + 1.8 Ncm respectively. Screw loosening of alumina toughened zirconia abutment under wet condition 
was 9.3 + 1.5 Ncm. There was no significance difference statistically among three groups in screw loosening. 
The fracture strength of alumina toughened zirconia abutment under dry and wet condition were 666.4 + 68.5 
N and 704.6 + 107.7 N respectively. There was no significant difference between alumina toughened abutment 
after applying fatigue loads under dry and wet conditions.
The alumina toughened zirconia abutments were stable after fatigue loads under wet condition and showed 
comparable screw loosening value those of titanium  and alumina toughened zirconia abutments under dry 
condition.
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⊹ŝᬊ ᯥ⥭௡✙a ᗭ}ࡽ ᯕ௹ಽ ᯥ⥭௡✙ᨱ ᮹⧕ ḡḡ 
ၰ ᮁḡ۵ࡹ ᅕ℁⊹ഭ۵ ⩥ᰍ ᔢᝅࡽ ⊹ᦥ᮹ ʑ܆ᖒ, ᝍၙ

ᖒᮥ ᩩ⊂a܆⦹í ⫭ᅖ⧁ ᙹ ᯩ۵ ⊹ഭᚁ᜾᮹ ⦹ӹa ࡹ
ᨩ݅. ə్ӹ ᰆʑe ᯥᔢᩑǍ đŝ, ᯥ⥭௡✙ ᅕ℁ ⊹ഭ᮹ 
ᝅ➉۵ ᯥ⥭௡✙ ᝅ➉, Ⅹʑ ⊹᳑ᱶŉ ᔢᝅ, ŝࠥ⦽ Ʊ⧊ᨱ 
᮹⦽ ŉᗭᝅ, screw loosening, ᯥ⥭௡✙ ℕᇡӹ Ǎᖒ᫵ᗭ᮹ 
❭ᱩ, ᅕ℁ྜྷ᮹ ❭ᱩ ॒ᯕ ᅕŁࡹᨩ݅1. ə ᵲ ӹᔍ⣡ฝ ⩥
ᔢᮡ aᰆ ኩჩ⦽ ྙᱽ᮹ ⦹ӹᯕ໑ ᯕ్⦽ ྙᱽෝ ⦝⦹ʑ 
᭥⦽  ฯᮡ ႊჶॅᯕ ᩑǍࡹᨕ ᪵݅. 
 ✚⯩ ↽ɝᨱ ᝍၙᱢ ᫵Ǎa ᷾a⧉ᨱ ঑௝, ⊹Ğᇡᨱ ɩ
ᗮᔪᯕ ࡹ⇽יÑӹ እ⊹í ⦹۵ ❑┡ۥ ḡݡᵝ ݡᝁ ḡ෕

ܩ⎵ʑ ᜽᯲⧩݅2. ḡ෕ࡹℕྜྷಽ ᔍᬊݡ ᵝaݡᦥ ḡܩ⎵

ᦥ ḡݡᵝ۵ ʑĥᱢ ✚ᖒᯕ ᱥ⊹ᇡ ݉ᯝ⊹ᦥ ᙹᅖᨱ ᔍᬊ

⦹ʑᨱ ∊ᇥ⦹ᩍ ❑┡ۥ ḡݡᵝෝ ݡᝁ⦹ᩍ ᝍၙᱢᯙ ᰍ
ഭಽ ᔍᬊ⧁ ᙹ ᯩ݅. ❭ᱩvࠥ۵ ❑┡ۥ ḡݡᵝᅕ݅ ᧞⦹

ḡอ, ᱥ⊹ᇡᨱ ᔍᬊࡹʑᨱ۵ ∊ᇥ⦽ ❭ᱩ ᱡ⧎ᮥ aḥ݅

Ł ⠪a2,3݅ࡽ.  ੱ⦽, ᯥᔢ⇵ᱢ ᩑǍᨱᕽ Ğ᳑Ḣ, ᩑ᳑Ḣ ၹ
᮲ᮥ ᔕ⠕ᅙ đŝ, ᔾℕᱢ⧊ᖒࠥ ୑ᨕԉᮥ ᦭ ᙹ ᯩ݅4,5. ə
్ӹ ᯥᔢᱢᮝಽ ᰆʑe ᔍᬊ᜽ Ǎvԕ ᦩᱶᖒᨱ ݡ⦽ ᩑ
Ǎa ᇡ᳒⦹ᩍ ḡ෕⎵ܩᦥ ḡݡᵝෝ ᯕᬊ⦽ ᅕ℁ ⊹ഭ᮹ 
ᩩ⬥ෝ ᩩ⊂⦹ʑa ᨕಖ݅. ḡ෕⎵ܩᦥ ḡݡᵝෝ ᔍᬊ⦽ 
ᯥ⥭௡✙ ᅕ℁⊹ഭ᮹ ᦩᱶᖒᮥ ᭥⧕ᕽ۵ ᰍഭ᮹ ❭ᱩᯕ

ӹ ӹᔍ⣡ฝ zᮡ ʑĥᱢᯙ ⠪aa ⦥ᙹᱢᯕ݅. ᯥ⥭௡✙ 
ᅕ℁⊹ഭ ⬥ ᙹ⪵ᔢ┽ᨱᕽ ၽᔾ۵ࡹ ၹᅖᱢᯙ ᱡ᯲ಆᯕ 
ᵲ᫵⦹í ᩢ⨆ᮥ ၙ⊹အಽ Ǎvԕ ᔢ┽ෝ ᰍ⩥⧁ ᙹ ᯩ۵ 
fatigue testa ᮁ⬉⦹݅. 
ᯕᱥ ᩑǍෝ ᔕ⠕ᅕ໕, ḡ෕⎵ܩᦥ ḡݡᵝෝ ᔍᬊ⦽ ᯥ⥭

௡✙ ᜽ᜅ▽ᨱ Ǎvԕ ᱡ᯲ ᬕ࠺ᨱ ⧕۵⦹ݚ ᵝʑᱢᯙ ⦹
ᵲᮥ a⦹Ł ⦹ᵲᮥ a⦹ʑ ᱥŝ ⬥ᨱ ӹᔍ᮹ ⣡ฝᱶࠥ

(detorquing value)ෝ እƱ⧩ᮥ ভ, ᮁ᮹⦽ qᗭa Ñ᮹ ᨧᨩ

Ł Screw looseningࠥ ᯝᨕӹḡ ᦫ۵݅۵ ᩑǍđŝa ᯩ݅
6. ə్ӹ, ❑┡ۥ ḡݡᵝᨱᕽ external hexagon systemᨱᕽ 
ᵝʑᱢ ⦹ᵲᯕ ӹᔍ᮹ ⣡ฝᮥ ᯝᮝ┍ ᙹ ᯩ݅۵ ᩑǍ đŝ
7 ၰ ɩᗮ ḡݡᵝ᮹ Ğᬑᨱᕽ ᯥ⥭௡✙/ḡݡᵝ ᅖ⧊ℕ᮹ ᳑
⧊ᨱ ঑௝ Ʊ⧊ಆᨱ čॵ۵ ⯹ᯕ ݅෕í ӹ┡ӽ ݅۵ ᅕŁ
8 ၰ ḡݡᵝ᪡ ᯥ⥭௡✙᮹ đ⧊⩶┽ᨱ ঑௝ zᮡ ⯹ᮝಽ ᳑
ᩡᮥভ preloada ݅෕í ӹ┡ӹ໑ ᵝʑᱢ ⦹ᵲ ⬥ ⣡ฝᨱ 
ܩ⎵෕݅۵ ᩑǍ đŝࠥ ᯩ݅9. ঑௝ᕽ ḡ෕݅ ࠥ⨆ᩢ ⦽ݡ

ᦥ ࠥᰍ ḡݡᵝ᮹ Ğᬑᨱࠥ ᯥ⥭௡✙/ḡݡᵝ ᩑđᇡ᭥᮹ 

⩶┽ᨱ ঑௝ ᵝʑᱢᯙ ⦹ᵲᯕ ၹᅖᱢᮝಽ a⧕ḩ ভ screw 
looseningᨱ ၙ⊹۵ ᩢ⨆ᯕ ݍ௝ḩ ᙹ ᯩᮥ äᮝಽ ᩩᔢࡽ

݅. 
 ᅙ ᩑǍ۵ ᯕ్⦽ ᯕᱥ᮹ ᩑǍđŝෝ ၵ┶ᮝಽ ၹᅖᱢᯙ 
⦹ᵲᯕ ḡݡᵝ᮹ ᰍഭᨱ ঑ෙ ӹᔍ⣡ฝ ၽᔾŝ ❭ᱩvࠥ 
ᱡ⦹ᨱ ၙ⊹۵ ᩢ⨆ᮥ ⠪a⦹Łᯱ ⦽݅. 

**��ᝅ⨹ᰍഭ�ၰ�ႊჶ
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ᯥ⥭௡✙۵ ᫙ᇡᮂb Ǎ᳑ෝ aḡ۵ ⅾ 15}᮹ ❑┡ۥ ᯥ
⥭௡✙(Osstem, Seoul, Korea)ᨱ ❑┡ۥ ḡݡᵝ ၰ ᦭൉ၙӹ 
v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ(Acucera, Pocheon, Korea)ෝ ❑
 ᦊ digital torque gauge(MGT{5 ݚᵝ ӹᔍಽ b Ǒݡḡ ۥ┡
12, Mark-10, USA)ෝ ᯕᬊ⦹ᩍ 30Ncm᮹ ℕđಆᮝಽ ᩑđ⦹

Ł ᝅ᪉᮹ Õ᳑ᔢ┽ᨱᕽ ⦝ಽ᜽⨹ᮥ ḥ⧪⦹ᩡ݅. ੱ⦽ Ǎ
vԕ᮹ ᜖ᮅ᳑Õᮥ ᰍ⩥⦹ʑ ᭥⧕ ⇵aಽ 5}᮹ ᦭൉ၙӹ 
v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝෝ ᩑđ⦹Ł ᙹ⪵ᔢ┽ᨱᕽ ၹᅖ

⦹ᵲᮥ a⦽ ⬥ ӹᔍ ⣡ฝಆ ၰ ❭ᱩᱡ⧎ እƱ⦹ᩡ݅.

ӹ��ᝅ⨹ႊჶ

���⦝ಽ᜽⨹

ᝅ⨹ ॵᯱᯙᮡ ǎᱽ ȽĊ ISO/WD 14801 Fatigue test for 
endosseous dental implantsᨱ ঑௱݅. ⦹ᵲᯕ ⊹⇶ᨱ 30ࠥ
ಽ a⧕ḡࠥಾ ᖅĥࡽ ᱥᬊ jigෝ ᯕᬊ⦹ᩍ  ↽ᗭ 20Nᨱ
ᕽ ↽320 ݡN᮹ ⯹ᮥ Ⅹ12 ݚHz ᦊ 1,000,000ჩ cycling load
ෝ Instron 8871ᮥ ᯕᬊ⦹ᩍ a⧩݅. ⦹ᵲᮥ a⦹ʑ ᱥ᮹ ӹ
ᔍ ᳑ᯥಆŝ ၹᅖ⦹ᵲᮥ  a⦽ ⬥᮹ ӹᔍ ⣡ฝಆŝ᮹ ₉
ᯕෝ Ǎ⦹ᩍ ӹᔍ⣡ฝ ᱶࠥෝ ⠪a⦹ᩡ݅. b Ǒ᮹ ⣡ฝ

ಆᮡ Kruskal-Wallis testෝ ᯕᬊ⦹ᩍ ᮁ᮹ᖒᮥ á☁⦹ᩡ݅. 
(p<0.05)

���❭ᱩᱡ⧎᜽⨹

᦭൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝෝ bb 30 Ncm(digital 
torque controller)ಽ ᳑ᯙ ⬥ Õ᳑ᔢ┽᪡ ᙹ⪵ᔢ┽ᨱᕽ 
1,000,000ჩ cycling loadෝ a⦽ ⬥ ࢱ Ǒᔍᯕ᮹ ❭ᱩvࠥෝ 



Vol.3 No.1, August 2011
The Journal of Korea Academy of Osseointegration

- 22 -

group ᳑ᯥ⯹
(Ncm)

⣡ฝ⯹
(Ncm)

ӹᔍ⣡ฝ
(Ncm)

❭ᱩvࠥ
(N)

Ti 1 30.5 22.2 8.3 -
2 30.4 20.4 10.0 -
3 30.4 21.1 9.3 -
4 30.1 17.6 12.5 -
5 30.4 19.6 10.8 -

⠪Ɂ 30.4 20.2 10.2 -
⢽ᵡ⠙₉ 0.2 1.7 1.6 -

Zr1* 1 30.1 19.0 11.1 766.1
2 30.2 20.9 9.3 616.0
3 30 21.4 8.6 599.0
4 30.2 18.8 11.4 703.6
5 30.2 23.0 7.2 647.5

⠪Ɂ 30.1 20.6 9.5 666.4
⢽ᵡ⠙₉ 0.1 1.8 1.8 68.5

Zr2** 1 30.4 20.0 10.4 849.8
2 30.2 20.4 9.8 600.6
3 30.4 19.6 10.8 594.5
4 30.0 21.3 8.7 737.3
5 30.0 23.0 7.0 741.0

⠪Ɂ 30.2 20.9 9.3 704.6
⢽ᵡ⠙₉ 0.2 1.4 1.5 107.7

⢽�����ḡݡᵝ�ᰍഭ᮹�᳦ඹᨱ�঑ෙ�⦹ᵲ⬥�ӹᔍ⣡ฝ�ၰ�❭ᱩvࠥ
* ᦭൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ: Õ᳑ᔢ┽ 
**᦭൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ: ᙹ⪵ᔢ┽ 

Mann-Whitney U testෝ ᔍᬊ⦹ᩍ እƱ⦹ᩡ݅ (p<0.05).

***��đŝ

⦝ಽ᜽⨹ đŝ, ❑┡ۥ ḡݡᵝ Ǒ᮹ ӹᔍ⣡ฝᮡ ⠪Ɂ 10.2 
+ 1.6 Ncm, Õ᳑ᔢ┽ᨱᕽ ᦭൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡ
ᵝ ӹᔍ⣡ฝᮡ 9.5 + 1.8 Ncm ᩡᮝ໑ ᙹ⪵ᔢ┽᮹ ᦭൉ၙݡ

ӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ۵ ⠪Ɂ 9.3 + 1.5 Ncm᮹ ӹᔍ

⣡ฝᮥ  ᅕᩡ݅. 3Ǒ᮹ ӹᔍ⣡ฝᱶࠥ۵ ᮁ᮹⦽ ₉ᯕෝ ᅕ
ᯕḡ ᦫᦹ݅ (p=0.87). 
ၹᅖ⦹ᵲ ⬥᮹ ᯝ൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ᮹ ❭
ᱩvࠥ۵ Õ᳑ ၰ ᙹ⪵ᔢ┽ᨱᕽ bʑ 666.4 + 68.5 N ၰ 

704.6 + 107.7 Nᮝಽ Õ᳑ ᔢ┽ᨱᕽ ၹᅖ⦹ᵲ ⬥ ᦭൉ၙ

ӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ᮹ ❭ᱩvࠥa  ᙹ⪵ ᔢ┽ᨱ

ᕽ ᦭൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥ ḡݡᵝ ❭ᱩvࠥᯙ ⠪Ɂ 
704.64N ᅕ݅ ᯲í ӹ┡ԍᮝӹ, ☖ĥᱢᮝಽ ᮁ᮹⦽ ₉ᯕ۵ 
ᨧᨩ݅(p=0.84). 

*7��đು�ၰ�☁᮹

ᅙ ᩑǍᨱᕽ۵ ḡݡᵝ ᰍഭᨱ ঑ෙ ӹᔍ⣡ฝ᮹ ₉ᯕa ᨧ
۵ äᮝಽ ӹ┡ԍ݅. ӹᔍෝ ᳑ᯝ ভ preload(clamping force)
۵ ӹᔍᖁ ᙹ(pitch of thread), ӹᔍ ᳑ᯥಆ(placement torque)
ŝ ᱽÑಆ(removal torque)ᮝಽ ĥᔑ⧁ ᙹ ᯩŁ, gold screw
᪡ titanium screwෝ ᔍᬊ⦽ ᝅ⨹ᨱᕽ ḡݡᵝ ӹᔍ᮹ ᰍḩ
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ᨱ ঑௝ᕽ preload۵ ݅෕í ӹ┡ԁ ᙹ ᯩ݅10. ə్ӹ ࠺ᯝ

⦽ ӹᔍෝ ᔍᬊ⦽ ᝅ⨹ᨱᕽ ӹᔍ᮹ ᳑ᯥಆŝ ⣡ฝಆᯕ ☖
ĥᱢᮝಽ ᮁ᮹⦽ ₉ᯕa ᨧᮝအಽ ᰍḩŝ šĥᨧᯕ እ᜘

⦽ preloada a⧕Ჭ݅Ł ᅝ ᙹ ᯩ݅. ੱ⦽ ᙹ⪵ ᔢ┽ ၰ Õ
᳑ᔢ┽ᨱᕽ ၹᅖ⦹ᵲᮥ a⧩ᮥ Ğᬑࠥ ӹᔍ⣡ฝಆᨱ ₉ᯕ

a ᨧ۵ äᮝಽ ᅕᦥ 30Ncm᮹ ⅩʑŁᱶಆᯕ ∊ᇥ⧉ᮥ ᜽
ᔍ⦽݅. อ᧞ Ⅹʑ Łᱶಆᯕ ݅׳ ޵໕ ⣡ฝಆࠥ ׳ᦥḩ ä
ᮝಽ ᩩᔢ݅ࡽ. 
Ǎvԕ ⪹Ğᨱᕽ ᖙ௝ၚ᮹ ❭ᱩvࠥ۵ ᖙ௝ၚ ⢽໕ᯕӹ 
ԕᇡ᮹  Ǎ᳑ᱢ đ⧉ ੱ۵ ᙹ⪵ᔢ┽ᨱᕽ ᮁ᮹⦹í qᗭ⦽

݅. ə్ӹ ᅙ ᩑǍᨱᕽ Õ᳑ᔢ┽᪡ ᙹ⪵ᔢ┽ᨱᕽ ⦝ಽ᜽

⨹ ⬥ ᜽⧪⦽ ❭ᱩvࠥ ᝅ⨹ᨱᕽ ࢱ ə൚ e ᮁ᮹⦽ ₉ᯕෝ 
ӹ┡ԕḡ ᦫᦹ݅. ᯕ۵ ʑ᳕᮹ 3Y-TZP ᅕ݅ ᦭൉ၙӹ v⪵

⩶ ḡ෕⎵ܩᦥa ׳ ޵ᮡ ᯙᖒ ၰ ᔢᦩᱶᖒᮥ aḥ݅۵ ʑ
᳕᮹ ᅕŁ᪡ ᯝ⊹⦽݅11,12. ੱ⦽ ⢽໕ ᔎᱽ ၰ ၹᅖ⦹ᵲ ⬥
ᨱ  3Y-TZP۵ ❭ᱩvࠥ᮹ ᱡ⦹ෝ ᅕᩍ ᦭൉ၙӹ v⪵⩶ ḡ
෕⎵ܩᦥ᮹ ❭ᱩvࠥ᮹ ᧞ 1/2 ᱶࠥa ࡹအಽ11 ᦭൉ၙӹ 
v⪵⩶ ḡݡᵝa ʑ᳕᮹ 3Y-TZP ḡݡᵝᅕ݅ Ǎvԕᨱᕽ 
঑௝ᕽ ᰆʑe᮹ ᯥᔢ .݅ࡽᦩᱶᖒᯕ ᯩᮥ äᮝಽ ᩩᔢ ޵

ᱢ ᦩᱶᖒᮥ ᭥⦹ᩍ ᯥ⥭௡✙ ༙ℕӹ ḡݡᵝ᮹ ᰍഭಽᕽ 
᦭൉ၙӹ v⪵⩶ ḡ෕⎵ܩᦥa ǭᰆ݅ࡽ.
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