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Abstract

A fracture strength study of a

reinforced internal-implant

zirconia abutment with a

titanium insert

Chun, Hyo Jung

Department of Dentistry

School of Dentistry

Seoul National University

Objectives

The weakest part in internal zirconia abutments is the

implant-abutment connection area. The aim of this study was to

evaluate the effect of a titanium insert on fracture strength of a

zirconia abutment under static compressive loading.

Materials and methods

Three types of internal abutments were selected for one type of

implant with internal connection: internally connected one-piece

titanium abutment, internally connected one-piece zirconia abutment,

and internally connected two-piece abutment consisting of external



zirconia abutment and metal insert (group I, II, and III respectively).

15 abutments and 15 implants were used and divided into three

groups of five specimens each. Compressive loading was applied 30

degrees off the axis of the specimens by a hydraulic fatigue test

machine MTS (MTS, Minnesota, USA) with dislocation speed of

1mm/min and increased from 0N until deformation occurred. The

results were analyzed using SPSS 12.0 for Windows (IBM, New

York, USA).

Results

1) The highest mean maximum load was 1401.9(±18.5)N in group I

followed by 1233.6(±48.4)N in group III, and 1123.9(±16.2)N in

group II was the lowest. Statistical analysis by the one-way

ANOVA test and Post-Hoc tests revealed statistically significant

differences between the groups.

2) All the abutments were deformed and all the abutment screws

were bent in group I. In group II, all the abutments were

fractured and all the abutment screws were bent. In group III, all

the abutments were fractured and all the abutment screws were

deformed; three were fractured and two were bent.

Conclusion

Titanium insert, the substitute for the weakest part of internal

zirconia abutment, improved the fracture strength of internal zirconia

abutments, but not as much as that of titanium abutments

-----------------------------------------------------

Keywords : Dental implant, Abutment, Fracture strength, Load,

Zirconia
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Introduction

As esthetic demands increase, the use of ceramics instead of metal

has been increased not only in prosthetic restorations such as crowns

and bridges but also in implant components. When planning implant

treatment, especially in anterior region, unnatural metallic color

through the covering gingiva could be a problem and ceramic

components could be an answer.1 However, application of ceramics

has been limited because of their high brittleness. Among ceramic

materials, zirconia has good mechanical properties in addition to its

esthetic advantage. Zirconia implant abutments developed recently

because of its high fracture strength compared to other dental

ceramics.2,3,4 Mechanical and biomechanical success of zirconia in vivo

was reported. In a study, all 54 zirconia implants showed no

structural failure with good peri-implant tissue health after 4 years.5

Zirconia also showed comparable biological properties; it showed

fewer bacteria coverage than titanium.6

There are two types of zirconia implant abutments; external

connection type and internal connection type. Internal connection type

of implant abutments are known to provide more intimate contact

with implants and better force distribution than external connection

type.7,8 With the advantage of force distribution, the use of abutment

with internal connection has been increased.

One shortcoming of zirconia abutments with internal connection is

their weakness in implant-abutment connection area, as the region is

vulnerable to crack or fracture. In order to improve their fracture

strength, secondary metal components were introduced.

The aim of this study was to evaluate the effect of titanium insert

on the fracture strength of zirconia abutment under static
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compressive loading by comparing the fracture strength of three

types of implant-abutment systems: internally connected one-piece

titanium abutment, internally connected one-piece zirconia abutment,

internally connected two-piece abutment consisting of externally

connected zirconia abutment and titanium insert.

Materials and methods

Preparation of specimens

Three types of internal abutments with hex structure and one type

of implant were selected for this study: internally connected one-piece

titanium abutment, internally connected one-piece zirconia abutment,

internally connected two-piece abutment consisting of external

zirconia abutment and titanium insert, and titanium implant with

internal connection (Table 1.). The titanium insert had internal and

external hex structures to connect external zirconia abutment into the

implant by using a corresponding titanium screw. 15 abutments and

15 implants were used and divided into three groups of five

specimens each.

All the abutments were adjusted to the same 8mm length from the

implant-abutment junction to the top of the abutments and assembled

onto the implants. Applied torques to the corresponding titanium

screws were respectively 30Ncm, 32Ncm and 32Ncm for each group

according to the manufacturers' instructions. Fig. 1. shows the

implant-abutment specimens of each group.
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Static loading

Hemispherical metal caps were casted for and put on each

abutment. The implant-abutment assemblies were embedded in a

metal holder, which inclined 30 degrees off the axis of the

compressive force (Fig. 2).

Compressive loading was applied by a hydraulic fatigue test

machine (MTS, MTS Systems Corporation, Minnesota, USA) with

dislocation speed of 1mm/min and increased from 0N until fracture or

deformation occurred. Maximum compressive load was recorded in

each test and all results were analyzed using SPSS 12.0 for Windows

(IBM, New York, USA).

Preparation of specimens and setting of compressive loading were

based on ISO 14801.

Table 1. The implants and abutments used in this study.
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Fig. 1. Three types of implant-abutment systems. (a) Group I.

Internally connected one-piece titanium abutment with titanium screw

and titanium implant. (b) Group II. Internally connected one-piece

zirconia abutment with titanium screw and titanium implant. (c)

Group III. Internally connected two-piece zirconia abutment with

titanium insert and titanium screw, and titanium implant.

Fig. 2. Compressive loading. (a) Static strength testing of zirconia-

implant assembly with metal capping by hydraulic fatigue test

machine. Metal holder with inclined plane allows 30° oblique load

application. (b) Schematic drawing based on ISO 14801.
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Results

Fracture strength

The means and standard deviations of maximum compressive load

values for each group are shown in Table 2. The highest mean

maximum load was 1401.9(±18.5)N in group I followed by

1233.6(±48.4)N in group III, and 1123.9(±16.2)N in group II was the

lowest. Table 3. through table 5. show the results of statistical

analyses. Maximum loads were checked for normality using the

Shapiro-Wilk test and it could be interpreted as each data set of

groups is distributed normally (Table 3.). Statistical analysis by the

one-way ANOVA test revealed a statistically significant difference

between the groups of three (Table 4.). Post-Hoc tests also showed

statistically significant differences between group I and II, group II

and III, and group I and III (Table 5.).

Table 2. and Fig. 3. show fracture patterns of each group. There

were deformation in all the abutments and abutment screws in group

I; no fractures were observed. Group II showed fractures in all the

abutments and bending in all the screws. In group III, fractures

occurred in all the abutments and deformation occurred in all the

screws; 3 screws were fractured and 2 screws were bent. All the

abutment failure occurred at the implant-abutment connection area,

which were internal structure of the abutment in group I, II and

abutment-insert interface of the abutment in group III.

Scanning electronic microscope analysis

All the zirconia abutments were fractured. Fractures occurred and
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were limited in implant-abutment connection area in group II. In

group III, fracture lines were created obliquely from the bottom of the

abutments. Fig. 4. shows scanning electronic micrographs of the

zirconia abutments in group II and group III after compressive

loading. There were no structural or material defects and only some

scattered debris was observed on the fractured surfaces. It means

that the fracture in zirconia abutments were not because of material

defects but through the excessive compressive load.

Table 2. Maximum loads and failure modes after compressive loading

tests.

Table 3. Shapiro-Wilk test for normality evaluation.
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Table 4. One-way ANOVA test results about mean maximum load.

Table 5. Post- Hoc test results about mean maximum load.
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Fig. 3. Results of compressive loading (a) Group I. Deformed

abutment with bent screw. (b) Group II. Fractured abutment with

bent screw. (c) Group III. Fractured abutment with bent screw and

deformed titanium insert.

Fig. 4. Scanning electron micrographs of the zirconia abutments after

compressive loading. (a), (c) Fractured surface of the internal zirconia

abutment (group II). Whole structure under collar region was

damaged. (b), (d) Fractured surface of the external zirconia abutment

(group III). Part of abutment-insert connection area was damaged.
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Discussion

In the present study, the internally connected one-piece titanium

abutments exhibited the highest fracture strength followed by the

two-piece zirconia abutments, and the internally connected one-piece

zirconia abutments had the lowest result values. And the results

showed statistically significant differences between the groups. That

means replacing implant-abutment connection area of zirconia

abutments with titanium insert was effective enough to show better

fracture strength, but didn't have as much strength as to surpass

titanium abutments. Part of these results agree with a previous study

that two-piece zirconia abutments with titanium inserts showed

significantly higher fracture loads than one-piece internally connected

abutments.9

Maximum loads between titanium abutments and zirconia abutments

showed statistically significant differences, however, from the clinical

view, the differences were not significantly high. All the results

exceeded the maximum bite force in vivo: 108 to 299N in anterior

region and 216 to 847N in posterior region.10,11 Thus, the three types

of internal abutments presented good fracture strengths, which means

they all would show successful clinical performances under normal

masticatory forces.

The maximum load until the abutment failure occured were higher

than the results in other studies. In previous studies, mean fracture

load values were 783.16 to 821.11N for titanium abutment12 and 292.0

to 724.9N for zirconia abutment.9,13 One reason for the difference

might be that the angle of compressive load to the axis of specimen

could be smaller than 30 degrees due to the incompletely

hemispherical caps. The structure, metal caps were covering the



- 10 -

abutments like crown restorations, would have no effect on the

results. Sailer et al. revealed that the all-ceramic restoration cemented

on the abutment did not influence the fracture load.9

Fracture modes were not identical between group II and III. In

group II, all the abutments fractured at implant-abutment connection

area and all the screws were bent. In group III, all the abutments

fractured obliquely from connection area and only 2 screws were

bent, whereas 3 screws were fractured. According to Irena et al,

zirconia abutments with internal connection showed varying type of

fracture pattern; fracture before abutment screw deformed,

deformation of metallic secondary components prior to the fracture of

abutments, metal deformation in combination with abutment fracture,

and fracture of abutments without metal deformation.9 Att et al.

reported that among 16 specimens, six abutment screws and five

zirconia abutments fractured alone. In the remaining five test

specimens, the crowns and abutments fractured together.14 In order to

investigate the failure sequence or failure modes of the present study

in detail like other researches, experimental design has to be

improved.

In group I, all the specimens were bent at implant-abutment

connection area: around the neck of abutment screw. Att et al.

reported that the weakest component in titanium abutments was the

abutment screw,14 and this study had the corresponding results.

In the present study, static loading test was used to compare

fracture strength of varying types of implant-abutment assemblies.

This result values can be compared to the maximum occlusal force in

anterior region and used as a reference value for dynamic cyclic

loading test to assess fatigue resistance. The limit force for dynamic

cyclic loading test to dental ceramics is approximately 50% of the
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maximum fracture strength.15

Additional studies are required for comparison of long-term data

concerning the fatigue resistance of zirconia abutments with or

without titanium insert. To obtain more accurate results, the number

of specimens has to be increased.

Conclusion

1) Internally connected one-piece titanium abutment presented the

highest fracture strength followed by two-piece zirconia

abutments, and internally connected one-piece zirconia abutment

had the lowest result values. Internally connected two-piece

abutment consisting of external zirconia abutment and titanium

insert exhibited fracture strength between the other two groups.

2) All the abutments were deformed and all the abutment screws

were bent in group I. In group II, all the abutments were

fractured and all the abutment screws were bent. In group III, all

the abutments were fractured and all the abutment screws were

deformed; three were fractured and two were bent.

It is concluded that titanium insert, the substitute for weakest part

of internal zirconia abutment, improved the fracture strength of

internal zirconia abutments, but not as much as that of titanium

abutments.

Additional studies are required for comparison of long-term data

concerning the fatigue resistance of those implant systems.
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국문초록

타이타늄 인서트에 의해 강화된 지르코니아 

내부연결형 임플란트 지대주의 파절강도 연구

천 효 정

치의학과

치의학대학원

서울대학교

목 적

지르코니아 지대주는 심미적인 장점을 가지므로 전치부에서 많이 사용

되지만 매식체와의 연결부위가 파절에 약하다는 단점을 보인다. 이를 보

완하기 위해 개발된 연결부위가 타이타늄 인서트를 통해 강화된 지르코

니아 지대주와 전체가 각각 타이타늄, 지르코니아로 이루어진 세 가지

내부연결형 지대주의 파절저항을 비교하여 타이타늄 인서트의 강화 효과

를 분석하는 것이 이 연구의 목적이다.

방 법

타이타늄 지대주, 지르코니아 지대주, 타이타늄 인서트로 강화된 지르

코니아 지대주를 각각 5개씩 준비하였고, 이를 15개의 동일한 내부연결

형 매식체에 각각 30Ncm, 32Ncm, 32Ncm의 토크로 연결한 후 순서대로

그룹 I, II, III로 분류하였다.

압축 부하는 유압식 피로 시험 기계인 MTS를 이용하여 시편의 장축

과 30도 각도를 이루도록 적용하였다. 압축 부하 적용 속도는 1mm/min

로 일정하게 유지하였고, 크기는 0N부터 시작하여 시편의 변형이 발생

될 때까지 증가시켰다.
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실험결과는 SPSS 12.0 for Windows를 이용하여 일원분산분석 방법으

로 통계분석 하였다.

결 과

1) 가장 높은 평균최대부하값은 그룹 I의 1401.9(±18.5)N 이었고, 그

다음은 그룹 III의 1233.6(±48.4)N, 가장 작은 값은 그룹 II의 1123.9

(±16.2)N 이었다. 일원분산분석 및 사후 검정 결과 세 그룹의 평균

최대부하값은 서로 통계적으로 유의미한 차이를 보였다.

2) 그룹 I의 시편은 모두 지대주 나사가 휘어지고 지대주의 연결부위

가 변형되었다. 그룹 II의 지대주 나사도 모두 휘어지고 지대주의

연결부위는 파절되었다. 그룹 III에서는 다섯 개의 지대주 나사 중

세 개는 파절되었고 두 개는 휘어졌으며, 모든 지대주는 연결부위에

서 사선으로 파절되었다.

결 론

본 실험 결과, 타이타늄 인서트는 지르코니아 지대주의 파절저항을 유

의미하게 강화시켰으나 타이타늄 지대주의 파절저항보다는 작은 값을 보

였다. 세 종류의 지대주의 파절저항은 임상적으로 측정된 최대교합력에

비해 훨씬 큰 값을 나타내므로, 세 가지 지대주 모두 구강 내에서 성공

적으로 작용할 것이다.

-----------------------------------------------------

주요어 : 치과용 임플란트, 지대주, 파절, 부하, 지르코니아

학 번 : 2010-22506
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