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Effects of abutment angulation and type of connection

on the fracture strength of zirconia abutments

Ho-Seong Kim, Hye-Won Cho*
Department of Prosthodontics, College of Dentistry, Wonkwang University, Iksan, Republic of Korea

Purpose: The purpose of this study was to evaluate the fracture strength of straight and angled zirconia abutments for internal hex and external hex implants. Materials and
methods: Twenty internal hex implants and 20 external hex implants were prepared. The prefabricated straight zirconia abutments and 17-degree-angled zirconia abutments
were connected to those 40 implants. The specimens were classified into 4 groups depending on the connection type and abutment angulation; internal hex implant/straight abut-
ment, group INS; internal hex implant/angled abutment, group INA; external hex implant/straight abutment, group EXS; external hex implant/angled abutment, group EXA.
All specimens were loaded at a 30-degree angle with a crosshead speed of 1 mm/min using universal testing machine. The fracture loads were analyzed using 2-way ANO-
VA and independent t-test (@ =.05). Results: The mean fracture load for INS was 955.91 N, 933.65 N for INA, 1267.20 N for EXS, and 1405.93 N for EXA. External hex
implant showed a significantly higher fracture load, as compared to internal hex implant (P < .001). No significant differences in fracture loads were observed between the straight
and angled abutment in internal hex implants (P = .747) and external hex implants (P = .222). Internal hexes of abutments were fractured horizontally in internal connection
implants, while lingual cervical neck portions were fractured in external connection implants. Conclusion: The zirconia abutments with external hex implants showed significantly
higher fracture strength than those with internal hex implants. However there was no difference in fracture strength between the straight and 17-degree-angled zirconia abut-

ment connected to both implant systems. (J Korean Acad Prosthodont 2017,55:9-17)
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B8-7 AZ2d 9 ZTE(TS M regular, Osstem, Pusan, Korea)

57 A4 A ZHE(US M regular, Osstem) 207 & AF
ST Y BVEE 48 RO A71EEY ol o
Z1(Ortho-Jet, Lang Dental Manufacturing Co., Inc., Wheeling, IL, USA)
of Zujjstsitt

AEEERE I
3571 429 JEeted % 714 449 A

hs

2
) ) F(ZioCera Abutment, Osstem) 107§ 9}, 17° A3 =] 2

10

A| th F(ZioCera Angled Abutment, Osstem) 107, 9] 587+ A4 3
QEerEC] B 74 448 A 2 31 o} A v F(ZioCera
Abutment, Osstem) 1071 ¢}, 17° 74 A} & %] 2 71 o} X o} F+(ZioCera
Angled Abutment, Ossetem) 107] S A}-8-3}4 o} (Fig. 1).
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Fig. 1. Schematic drawing of zirconia abutment configuration. (A) ZioCera
abutment with internal hex, (B) ZioCera angled abutment with internal hex, (C)
ZioCera abutment with external hex, (D) ZioCera angled abutment with external
hex, (E) Internal hex dimension, (F) External hex dimension.
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Table 1. Classification of experimental groups

) Zirconia abutment
Gty (CETE S Angulation Diameter Height
INS Internal hex Straight 55 10.5
INA Internal hex 17° angled 5.5 12/9.5
EXS External hex Straight 6.0 10.0
EXA External hex 17° angled 5.5 12/9.5

INS, internal hex implant/straight abutment; INA, internal hex implant/angled abut-
ment; EXS, external hex implant/straight abutment; EXA, external hex
implant/angled abutment.

Fig. 2. Four types of specimens with different connection type and abutment angu-
lation. (A) INS, internal hex implant/straight abutment, (B) INA, internal hex
implant/angled abutment, (C) EXS, external hex implant/straight abutment, (D)
EXA, external hex implant/angled abutment.
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Fig. 3. (A) Fracture load test using universal testing machine, (B) Schematic dia-
gram of loading on straight abutment specimen, (C) Schematic diagram of load-
ing on angled abutment specimen.
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Fig. 4. Fracture modes of zirconia abutments. (A) Internal hex and vertical
fracture of INS specimen, (B) Internal hex fracture of INA specimen, (C) Vertical
fracture of EXS specimen, (D) Cervical fracture of EXA specimen.
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INS INA EXS EXA

1 839.87 822.41 92430 1162.39
2 901.79 1213.64 1505.19 1574.77
3 984.04 986.20 1162.72 1164.31
4 1009.27 T774.57 1729.37 1163.54
5 97541 1012.63 1266.46 1388.26
6 1014.04 111035 1283.38 1189.31
7 770.12 759.18 928.26 1351.91
8 1185.42 1140.47 1329.62 1743.02
9 964.54 692.49 1196.00 1492.40
10 914.60 824.52 1346.70 1829.35
Mean 955.91° 933.65 1267.20° 1405.93
SD 111.94 182.45 242.48 24844

INS, internal hex implant/straight abutment; INA, internal hex implant/angled abutment; EXS, external hex implant/straight abutment; EXA, external hex implant/angled
abutment; SD, standard deviation. Different superscript letters represent statistically significant differences (P <.05).

Table 3. Results for two-way ANOVA

Source of Variation Sum of Squares df Mean Square F P

Connection type 1534954.862 1 1534954.862 36.913 .000
Abutment angulation 33908.494 1 33908.494 815 373
Connection type X Abutment anguation 64794.450 1 64794.450 1.558 220

Significantly different at P <.05.
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Fig. 5. Scanning electron micrographs of specimens ( X 18). (A) Fractured internal
hex, (B) Fractured external hex.
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