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Abstract

Background: The fracture of a Morse tapered abutment connection in an osseointe-

grated implant is one of the most serious mechanical complications, and it is

extremely hard to deal with this complication in clinical practice.

Purpose: The aim of this study was to explore the cumulative mechanical

complications focus on abutment of a platform switching Morse taper connection

implant system after loading, and to perform a retrospective, approximately 1- to

9-year follow-up study to identify the predisposing factors.

Materials and Methods: A total of 495 patients with 945 fitted implants were

enrolled in this study with a follow-up from January 2012 to January 2020. The data

of mechanical complications of the abutment, including abutment fracture (AF) and

abutment screw loosening (ASL), and possible causative factors were extracted and

evaluated statistically.

Results: A total of 25 out of 945 (2.65%) cumulative abutment mechanical complica-

tions occurred. AF was the most common complication (n = 13, 1.38%), followed by

ASL (n = 12, 1.27%). For AF, gender, type of prosthesis, abutment design, and

implant diameter were identified as the causative factors. AF was mostly observed in

the single crown of males in molar areas, while ASL was more likely to occur on an

angled abutment than on a non-angled abutment. Moreover, the abutment with the

positioning index (/X) had a higher incidence of fracture than the abutment without

the positioning index (C/).

Conclusions: This study shows that the Morse taper connection is a safe abutment

connection. AF occurs more frequently within single crowns in molar area of males,

especially with the positioning index (/X), while ASL is more likely to occur in an

angled abutment.
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Summary box

What is known

The implant-abutment connection represents the weakest part of dental implant fixtures. A

prosthetic index has been added to some Morse taper abutments. To date, there have been no

retrospective clinical studies on the long-term survival rate of this structure.

What this study adds

We showed that Morse taper connection is a safe abutment connection. Abutment fracture

occurs more frequently within single crowns in molar area of males, while abutment screw loos-

ing was more likely to occur in angled abutment. Moreover, abutment with positioning index

had a higher incidence of fracture than without positioning index.

1 | INTRODUCTION

An osseointegrated implant is considered the first choice for a loose

tooth due to its high long-term survival rates and predictable out-

comes.1,2 However, the implant-abutment connection represents the

weakest part of dental implant fixtures, and the biomechanical stabil-

ity of the implant-abutment connection is critical for the success of

implant-supported restorations.3 The most frequent mechanical com-

plications include implant fracture, abutment fracture (AF), abutment

screw loosening (ASL), deformations at the different interfaces, and

bacterial microleakage, and they are serious after long-term function

loading in clinical practice.4 A systematic review reported an incidence

of 5.3% for abutment or screw loosening during a 5-year follow-up

period.5 Studies have suggested that various causative factors, such

as different abutment connections, bruxism, large occlusal force,

superstructure design, implant position, diameter, age, gender, and

crown-implant ratio, might be associated with the incidence of abut-

ment mechanical complications.6,7

Different implant-abutment connections, including external con-

nection, internal parallel connection, and internal conical connection,

have been developed to reduce the mechanical and biological compli-

cations.4,8 Compared with external connections, internal connections

have advantages, such as stability, better resistance of torque loss,

and less screw loosening.9,10 The internal conical abutments provide

greater resistance to deformation and fracture under oblique com-

pressive loading than internal hex abutments do.11 Moreover, the

conical Morse taper connection appears to be more efficient in abut-

ment fit and seal performance, presents a high long-term survival rate,

is associated with less marginal bone resorption and a lower incidence

of mechanical complications, significantly reduces the occurrence of

implant fracture to nearly 0% or <1%, and the rate of screw loosening

is only 1.3%.3,4,12–14

Furthermore, a prosthetic index has been added to the abutment

to guide the prosthetic components into the implants in some Morse

taper implant systems. However, the influence of the prosthetic index

inside Morse taper implants on fracture resistance compared with

non-indexed ones is still unclear. A previous study showed that in a

11.5-degree angulation of the internal conical portion, the presence

of a prosthetic index on Morse taper abutments did not decrease its

resistance to fracture.15,16 However, another study showed that

indexed tapered abutments for single crown restorations might repre-

sent a greater biomechanical risk under function.17 Moreover, reduc-

tion in the conical area of abutments with an internal hexagonal index

may result in a biomechanical disadvantage for Morse taper

connections.18

The Ankylos implant (Dentsply Implants Manufacturing GmbH)

offers a precisely machined platform switching for the Morse tapered

abutment connection,19 and a new Morse tapered abutment connec-

tion with an internal positioning index was fabricated in 2008. The

internal geometry apical to the tapered portion was changed while

leaving the dimensions of the conical internal connection unchanged.

The abutment without the positioning index (C/) can be freely turned

in the implant, whereas the positioning indexed abutment (/X) may

facilitate the positioning of abutment and cannot rotate freely

(Figure 1). This design gives the clinicians the option of working with

either an indexed or non-indexed abutment.14 Both types of abut-

ments can form a friction-locked connection and the conical friction

area of the two abutments is same.

F IGURE 1 Schematic representation of the two types of
abutments, A: with positioning index (/X) which is not freely rotatable;
B: without positioning index (C/) which can be freely turned in the
implant
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To date, it is unclear whether this prosthetic index construction

could decrease the mechanical strength of Morse taper connection

and there are no clinical studies assessing whether there is any differ-

ence in the mechanical complication rate between the indexed and

non-indexed abutments. Therefore, the aim of this study was to eval-

uate the clinical outcome of this Morse taper implant-abutment con-

nection with or without the positioning index in the Ankylos implant

system over a 1- to 9-year follow-up, and to identify the predisposing

factors.

2 | MATERIALS AND METHODS

This retrospective study was conducted in the dental department of

Zhejiang Provincial People's Hospital and was approved by the Ethics

Committee of Human Research at the hospital (no. 2021QT331). The

study enrolled all patients treated with the Ankylos implant system

between January 2012 and January 2020. The exclusion criteria

included cases of non-Ankylos implant restoration, non-original abut-

ments, implant failure due to preload loss, and cases loss during

TABLE 1 Baseline data and abutment mechanical complication rate (AF, ASL) of gender, age, arch, position, type of the prosthesis, abutment
design, implant length or diameter, bone graft, type of the abutments, and duration time in Ankylos implants (n = 945)

n (%)

Abutment mechanical complication

p valueASL AF N (%)

Gender Male 500 (52.91) 9 11 20 (4.00) 0.006a

Female 445 (47.09) 3 2 5 (1.12)

Age ≤50 years 380 (40.21) 12 13 8 (2.11) 0.396a

>50 years 565 (59.79) 9 8 17 (3.00)

Arch Maxillary 477 (50.48) 5 4 9 (1.89) 0.142a

Mandible 468 (49.52) 7 9 16 (3.42)

Position Anterior 197 (20.85) 0 0 0 (0.00) 0.021a

Premolar 207 (21.90) 4 1 5 (2.42)

Molar 541 (57.25) 8 12 20 (3.70)

Type of the prosthesis ISC 475 (50.26) 5 11 16 (3.37) 0.164a

IFDP 470 (49.74) 7 2 9 (1.91)

Cantilever Yes 19 (2.01) 0 0 0 (0.00) 1.000b

No 926 (97.99) 12 13 25 (2.70)

Abutment design Indexed (/X) 441 (46.67) 4 10 14 (3.17) 0.343a

Without index(C/) 504 (53.33) 8 3 11 (2.18)

Abutment angulation Yes 270 (28.57) 8 2 10 (3.70) 0.200a

No 675 (71.43) 4 11 15 (2.22)

Opposing jaw Natural tooth 806 (85.29) 11 13 24 (2.98) 0.161b

Implant tooth 106 (11.22) 0 0 0 (0.00)

Others 33 (3.49) 1 0 1 (3.03)

Length 8 mm 99 (10.48) 3 4 7 (7.07) 0.038b

9.5 mm 232 (24.55) 3 1 4 (1.72)

11 mm 555 (58.73) 6 8 14 (2.52)

14 mm 59 (6.24) 0 0 0 (0.00%)

Diameter 3.5 mm 628 (66.46) 6 3 9 (1.43) 0.001a

4.5 mm 317 (33.54) 6 10 16 (5.05)

Bone graft Yes 304 (32.17) 3 1 4 (1.32) 0.079a

No 641 (67.83) 9 12 21 (3.28)

Duration time 1–2 years 185 (19.58) 4 1 5 (2.70)

2–3 years 154 (16.30) 4 3 7 (4.55) 0.276

3–4 years 161 (17.04) 2 6 8 (4.97)

4–5 years 124 (13.12) 0 2 2 (1.61)

>5 years 321 (33.97) 2 1 3 (0.93)

aChi-square test.
bFisher's precise test.
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TABLE 2 Abutment mechanical complication rate (AF and ASL) of gender, age, arch, position, type of the prosthesis, cantilever, abutment
design, implant length or diameter, bone graft, type of the abutments, and duration time in Ankylos implants (n = 945)

Factor

Abutment screw loosening (%)

p value

Abutment fracture (%)

p valueNo Yes No Yes 9 year CFR

Gender

Male 491 (98.20) 9 (1.80) 0.123a 489 (97.80) 11 (2.20) 4.0 0.021a

Female 442 (99.33) 3 (0.67) 443 (99.55) 2 (0.45) 0.5

Age: mean ± SD (years) 52.41 ± 14.07 53.58 ± 17.26 0.447b 52.41 ± 14.16 53.69 ± 9.06 0.744b

Arch

Maxillary 472 (98.95) 5 (1.05) 0.539a 473 (99.16) 4 (0.84) 1.3 0.152a

Mandible 461 (98.50) 7 (1.50) 459 (98.08) 9 (1.92) 3.7

Position

Anterior 197 (100) 0 (0) 0.147c 197 (100) 0 (0) 0 0.039c

Premolar 203 (98.07) 4 (1.93) 206 (99.52) 1 (0.48) 0.9

Molar 533 (98.52) 8 (1.48) 529 (97.78) 12 (2.22) 3.7

Type of the prosthesis

ISC 470 (98.95) 5 (1.05) 0.549a 464 (97.68) 11 (2.32) 4.7 0.013a

IFPD 463 (98.51) 7 (1.49) 468 (99.57) 2 (0.43) 0.7

Cantilever

Yes 19 (100) 0 (0) 19 (100) 0 (0) 0 1.000c

No 914 (98.70) 12 (1.30) 1.000c 913 (98.60) 13 (1.40) 2.6

Abutment design

Indexed (/X) 437 (99.01) 4 (0.91) 431 (97.73) 10 (2.27) 5.4 0.027a

Without index(C/) 496 (98.41) 8 (1.59) 0.351a 501 (99.40) 3 (0.60) 1.0

Abutment angulation

Yes 262 (97.04) 8 (2.96) 268 (99.26) 2 (0.74) 1.0 0.369a

No 671 (99.41) 4 (0.59) 0.007c 664 (98.37) 11 (1.63) 2.7

Opposing jaw

Natural tooth 795 (98.64) 11 (1.36) 0.269c 793 (98.39) 13 (1.61) 3.0 0.612c

Implant tooth 106 (100) 0 (0) 106 (100) 0 (0) 0.0

Other conditions 32 (96.97) 1 (3.03) 33 (100) 0 (0) 0.0

Length

8 mm 96 (96.97) 3 (3.03) 0.346c 95 (95.96) 4 (4.04) 8.8 0.087c

9.5 mm 229 (98.71) 3 (1.29) 231 (99.57) 1 (0.43) 0.5

11 mm 549 (98.92) 6 (1.08) 547 (98.56) 8 (1.44) 2.8

14 mm 59 (100) 0 (0) 59 (100) 0 (0) 0.0

Diameter

3.5 mm 622 (99.04) 6 (0.96) 0.232c 625 (99.52) 3 (0.48) 1.0 0.002a

4.5 mm 311 (98.11) 6 (1.89) 307 (96.85) 10 (3.15) 4.8

Bone graft

Yes 301 (99.01) 3 (0.99) 303 (99.67) 1 (0.33) 0.7

No 632 (98.60) 9 (1.40) 0.761c 629 (98.13) 12 (1.87) 3.2 0.072c

Duration time:

mean ± SD (months)

49.04 ± 23.37 34.67 ± 19.80 0.028d 48.96 ± 23.47 41.85 ± 12.73 0.276b

aChi-square test.
bStudent's t-test.
cFisher's precise test.
dMann–Whitney U test.
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follow-up. The implants were inserted by a single experienced dentist

in accordance with the manufacturer's protocol. All implants were

restored with a cemented implant-supported single crown (ISC) or

implant-supported fixed partial denture (IFPD). Three types of abut-

ments with a Morse taper were used for the prosthesis, including reg-

ular abutment, balanced posterior abutment, and Ti-base abutment.

The screws of the abutment were tightened according to the manu-

facturer's recommendations with a force of 15 N. X-rays were taken

immediately after fixation of the final restoration to ensure that there

was a fit of the abutment and crown. All patients were asked to return

for a routine annual follow-up visit or any time if they experienced

any discomfort or any other problem. All clinical problems were

checked and recorded in an electronic medical recording system.

Data were collected from the electronic medical recording system,

and dropouts occurred when the patients died or stopped coming for

recall appointments. All implants were placed by a single experienced

dentist and the prosthetic treatment was performed with the same per-

son. The mechanical complications of the abutment were analyzed,

including AF and ASL. Factors, including gender, age, arch, position,

type of the prosthesis, cantilever, abutment design, abutment angula-

tion, opposite jaw, implant length, diameter, bone graft, and functional

loading time were analyzed to identify the causative factor.

The time between prosthesis placement and failure was defined

as the survival time. If no failure occurred, the time from prosthesis

placement to last visit was defined as the censored survival time. All

data analyses were performed using SPSS statistical software (version

21.0; SPSS Inc.). Cox models were performed using the Stata software

version 15 (StataCorp LLC). Notably, the analysis was performed at

TABLE 3 Comparison of cumulative abutment fracture
rate according to different factors, and hazard ratio
estimated from univariate Cox proportional hazard
models at 9 years

Factors

Univariate

HR (95% CI) p-value

Gender

Male 1 0.047*

Female 0.217 (0.048 � 0981)

Age

Step by one 1.007 (0.968 1.048) 0.724

Arch

Maxillary 1 0.211

Mandible 2.120 (0.653 � 6.886)

Position

Anterior <0.001 (<0.001 � 107300) 0.967

Premolar 0.251 (0.033 � 1.932) 0.184

Molar 1

Type of prosthesis

ISC 1 0.016*

IFPD 0.156 (0.035 � 0.705)

Cantilever

Yes 0.048 (<0.001 � 292 939.886)

No 1 0.703

Abutment design

Indexed (/X) 5.855 (1.566 � 21.893) 0.009*

Without indexed

(C/)

1

Abutment angulation

Yes 0.863 (0.189 � 3.938) 0.849

No 1

Opposing jaw

Natural tooth 26.347 (<0.001 � 44 68 485.545) 0.594

Implant crown 1.000 (<0.001 � 14 70 558.607) 1.000

Others 1

Length

8 mm 1

9.5 mm 0.075 (0.008 � 0.679) 0.021

11 mm 0.264 (0.079 0.885) 0.031

14 mm <0.001 (<0.001 � �) 0.980

Diameter

3.5 mm 0.196 (0.054 � 0.714) 0.013*

4.5 mm 1

Bone graft

Yes 0.218 (0.028 � 1.676) 0.143

No 1

Abbreviations: CI, confidence interval; HR, hazard ratio.

*p < 0.05.

TABLE 4 Comparison of cumulative abutment fracture rate
according to different factors, and hazard ratio estimated from
Multivariate Cox proportional hazard models at 9 years

Factors HR (95% CI) p-vaule

Gender

Male 1 0.029*

Female 0.185 (0.041 � 0.838)

Type of the prosthesis

ISC 1 0.049*

IFPD 0.226 (0.048 � 1.074)

Abutment design

Without index(C/) 1 0.023*

Indexed (/X) 4.887 (1.240 � 19.268)

Diameter

3.5 mm 0.208 (0.057–0.758) 0.017*

4.5 mm 1

Note: Only the factors that were considered statistically significant

(p < 0.05) in the univariate model and did not present multicollinearity

were included in the multivariate model.

Abbreviations: CI, confidence interval; HR, hazard ratio.

*p < 0.05.
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the implant level rather than at the patient level. Chi-squared (χ2) test,

Fisher's precise test, Student's t-test, and the Mann–Whitney U test

were conducted to compare the variables between the two groups of

categorical variables where appropriate. Univariate and multivariate

Cox regression were used to analyze the influencing factors of the

9-year cumulative fracture rate (CFR) and the associations between

clinical covariates and AF. In addition, Kaplan–Meier analysis was used

to estimate the cumulative survival rates (CSR) and CFR, and p < 0.05

was considered statistically significant.

3 | RESULTS

A total of 582 patients with a total of 1086 implants were tracked, and

87 patients who received 141 dental implants were excluded due to

the following reasons: dropped out during the follow-up period, early

osseointegration failure, late failure due to peri-implantitis, and short

follow-up time (<12 months). Thus, 495 patients with 945 Ankylos

implants were included in this study. Of these patients, 500 implants

were obtained from 255 men and 445 implants from 240 women, with
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a mean age of 52.42 ± 14.09 years (range 18–85 years), and 40.21%

subjects were ≤50 years, 59.79% subjects were >50 years at the time

of implant placement. The mean duration of functional loading time

was 48.86 ± 23.37 months (range 12–108 months). A total of 25 abut-

ment mechanical complications were observed among the 945 Ankylos

implants (2.65%). AF was the most common complication (n = 13,

1.38%), followed by ASL (n = 12, 1.27%).

Table 1 shows the results of the rate of abutment mechanical

complications with possible relevant factors, including gender, age,

arch, position, type of the prosthesis, cantilever, abutment design,

abutment angulation, opposite jaw, implant length, diameter, bone

graft, and duration of loading time. In cases with abutment mechanical

complications, including AF and ASL, there was a significant difference

between various clinical factors, including gender, position, and

implant length and diameter (p < 0.05). Males (20/500, 4.00%) had a

higher rate of mechanical complications than females (5/445,

1.12%). The molar position (20/541, 3.70%) had a higher complica-

tion rate than the premolar position (5/207, 2.42%) and anterior

position (0/197, 0%). A short implant (8 mm, 7/99, 7.07%) had a sig-

nificant higher risk than the other implants (9.5, 11, and 14 mm). The

rate of complications with a large diameter (4.5 mm, 16/317, 5.05%)

was significantly higher than that with a small diameter (3.5 mm,

9/628, 1.43%).

Then we carried out further analysis on AF and ASL. The results

are shown in Table 2. Males (11/500, 2.20%) had a significant higher

rate of AF than females (2/445, 0.45%) with a 9-year abutment CFR

of 4.0%, while only 0.5% of females developed this condition. The

molar position (12/541, 2.20%) had a higher AF rate than the premo-

lar position (1/207, 0.48%) and anterior position (0/197, 0%). The ISC

F IGURE 6 X-ray of fracture both at the neck of abutment and at
the screw

F IGURE 7 View of fracture both at the neck of abutment and at
the screw

F IGURE 8 X-ray of fracture at the end of the central screw

F IGURE 9 View of fracture only at the end of the central screw
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(11/475, 2.32%) had a significantly higher failure AF rate than the

IFPD (2/470, 0.43%), and the 9-year CFR of the abutment in ISC was

4.7% while it was only 0.7% in IFPD. AF occurred in 10 (2.27%) out of

the 441 abutments with the positioning index (/X), and it occurred in

only 3 (0.60%) out of the 504 implants without the index (C/). The

9-year CFR of the indexed abutment was 5.4%, while it was only

1.0% in the non-indexed abutment. The 3.5-mm diameter implant (3/

628, 0.48%) had a significantly lower AF rate than the 4.5-mm diame-

ter implant (10/317, 3.15%); and the 9-year CFR of the abutment with

the 3.5-mm diameter was 1.0%, while it was 4.8% for the abutment

with 4.5-mm diameter. In addition, the angled abutment (8/270,

2.96%) had a significant higher ASL rate than the non-angled abut-

ment (4/675, 0.59%), while there was no significant difference in the

AF rate between the angled and non-angled abutments. The median

time of ASL occurrence was 34.67 ± 19.80 months after functional

loading. No difference was found with respect to age, arch, cantilever,

opposite jaw, implant length, and bone graft between AF and ASL.

A comparison according to different factors of the 9-year cumula-

tive abutment fracture rate and the associations between clinical cov-

ariates were evaluated by the univariate Cox regression models, and

the results are shown in Table 3. The variables with p < 0.20 in the

univariate analysis, including gender, position, type of prosthesis,

abutment design, implant length, implant diameter, and bone graft or

not, were further considered as the independent variables for final

multivariate Cox regression models. The multivariate regression

results showed that gender, type of prosthesis, abutment design, and

implant diameter were incorporated into the model. Gender, abut-

ment design, type of prosthesis, and implant diameter were the fac-

tors that continued to present a statistically significant HR in the

multivariate Cox regression model (Table 4). Considering the abut-

ment without the positioning index as the reference group, the 9-year

CFR of the abutment with the index was 4.89 times that of the abut-

ment without the index. In addition, the 9-year CFR of males was

5.41 times higher than that of females. With ISC as the reference

group, the 9-year cumulative fracture rate of ISC was 4.42 times

higher than that of IFPD. In contrast, the CFR of the 3.5-mm diameter

implant was 0.21 times of that of the 4.5-mm diameter implant.

Furthermore, the cumulative abutment survival rates of the abut-

ment to different factors, including gender, type of prosthesis, abut-

ment design, and implant diameter, were analyzed. The result showed

that the CSRs for male patients (96.0%, 9 years) were significantly

lower than those for female patients (99.5%, 9 years) (Figure 2). The

CSRs for ISC (95.3%, 9 years) were significantly lower than those for

IFDP (99.3%, 9 years) (Figure 3). The CSRs for the 4.5-mm implant

(95.2%, 9 years) were significantly lower than those for the 3.5-mm

implant (99.0%, 9 years) (Figure 4). The CSRs for the indexed abut-

ment (94.6%, 9 years) were significantly lower than those for the

abutment without the index (99.0%, 9 years) (Figure 5).

Moreover, 10 out of the 13 fractured abutments exhibited AF at

the neck of the abutment with fracture of the central screw at the same

time (Figures 6 and 7), 2 had fractures only at the neck of the abutment

with a complete central screw, and 1 exhibited fracture at the end of

the central screw (Figures 8 and 9). Notably, the opposing jaw in all of

them was a natural tooth. Moreover, 11 out of the 13 abutment frac-

tures occurred in the molar area with single crown restoration. Table 5

shows detailed information about the 13 AF cases.

4 | DISCUSSION

This retrospective clinical study explored the cumulative abutment

mechanical complications of the Morse taper connection implant sys-

tem and its causative factors, and it is the first to identify the relation-

ship between abutment design and mechanical complications in detail

which has not been reported so far. A total of 25 (2.65%, n = 945)

abutment mechanical complications were recorded, including 13 cases

of AF and 12 cases of ASL. The abutment fracture rate was 1.38%,

which was similar to that in a previous study (mainly focused on gonial

angle and splinting status of the superstructure without distinction of

abutment classification) involving 1126 Ankylos implants in

430 patients with a fracture rate of 1.6% after follow-up for approxi-

mately 10 years,6 and significant lower than some other non-Morse

tapered connection implant systems as previous reported.5,20 More-

over, the abutment with positioning index had a significant higher

incidence of fracture (10/441, 2.27%) than without positioning index

(3/504, 0.60%). The predisposing factors associated with AF including

gender, type of prosthesis, abutment design, and implant diameter.

Three designs of abutments were used in this study, including

regular abutments, balanced posterior teeth, and titanium base abut-

ments. Notably, the implants had the central screw and the abutment

two relatively independent parts. The central screw could not be

pulled out of the abutment because the thread of the central screw

underwent laser welding to the end of the central rod after inserting

the central rod into the abutment in accordance with the manufac-

turer's instructions. Only one case (0.11%) presented a thread deso-

ldered from the central screw. Assessment of possible deformations

at different interfaces after repeated application of tightening torque

using a scanning electron microscope (SEM) showed that damage was

observed in the threads of the abutment screws before and after load-

ing in the internal and external connections.4 Tsuge et al.21 observed

damage on the threads of the abutment screws and the screw sur-

faces on the upper and lower flanks, which was probably due to screw

tightening. According to our results, the non-integral structure and

the laser-welded screw slot structure is safe and does not fall off eas-

ily from the rod of the abutment screw.

AF is a very frustrating problem especially in Morse tapered abut-

ment and it is difficult to deal with, approximately 40% of abutment

fractures resulted in implant failures due to the failed extraction of

broken fragments.22 To the best of our knowledge, this is the first

clinical study to explore the mechanical complications of the Ankylos

abutment with or without the positioning index. Among the 13 AF

cases, 10 (10/441, 2.27%) were indexed whereas 3 (3/504, 0.60%)

were non-indexed, and the difference was statistically significant.

Adding a positioning index structure could provide an anti-rotational

function but could compromise the anti-bending strength of the abut-

ment within the ITI implant system, and the internal hexagonal index
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may influence the mechanical stability of the implant-abutment

assembly because it reduces the area of conical contact and may thus

diminish friction between the components, which may be attributed

to the stress concentration on the index.23 A previous in vitro study

investigated the effect of a positioning index on the abutment screw

preload values of tapered connection implants, and the result sug-

gested that indexed tapered abutments for single-crown restorations

might represent a greater biomechanical risk under function.17 More-

over, presence of the internal hexagonal index of the Morse tapered

abutment might significantly reduce the force necessary to dislodge

the abutment from the implant.18 A previous experimental study

assessed the reverse torque of an indexed and non-indexed Morse

taper abutment in a mechanical fatigue test, the result showed the

indexed abutment presented a greater loosening of the retaining

screw and failed to show good outcomes related to the cold-welding

effect.24 Importantly, our results are consistent with the conclusions

reported in the above-mentioned studies. From a clinical viewpoint,

loading conditions should be taken into consideration when choosing

abutments and this conclusion can provide engineers with new ideas

to improve the existing designs during the manufacturing process.

While the loosening of the abutment screw is one of the most

common complications in implant-supported restorations, the factors

associated with ASL were also analyzed. As reported previously, the

internal connection and abutments with anti-rotational and conical

designs have better resistance to screw loosening.25 The ASL rate is

significantly lower than that of the external hexagon connection

between 6% and 48%, as reported in the literature.20 In our presented

study, the total ASL rate was 1.27% and a significant difference in

ASL occurrence was found between the angled abutment with 8 of

504 abutments (2.96%) and that of the non-angled abutment with

only 4 out of 675 abutments (0.59%). This result is consistent with a

recent in vitro research, which measured the screw loosening values

of prosthetic abutments with internal conical connections (indexed

and non-indexed) with different angles under mechanical cycling. A

decrease in detorque values in the indexed abutments related to their

inclination was found under mechanical cycling; the prosthetic abut-

ments with 30 degrees of angulation had the lowest values, whereas

no decrease was found in the non-indexed abutments.26 ASL

increases with increasing abutment angulations and collar lengths

after dynamic cyclic loading.27 However, in some clinical cases, it is

difficult to perceive loosening of the abutment screw due to the ade-

quately strong friction between the abutment and internal wall of the

implant, which is well known due to the internal conical Morse

tapered connection of the Ankylos implant. Specifically, locking the

wall of the abutment and the implant by mechanical friction results in

formation of a “cold welding” effect between the lateral wall of the

implant and the abutment by the Morse taper connection based on

high contact pressure, which eliminates any strain on the central abut-

ment screw.28 As a result, the crown will not fall off even if the abut-

ment screw is loosened, and thus the abutment often remains stably

fixed even with a loosened screw.6 This may be one of the reasons

why ASL is rare after the use of this system. In addition, there was no

significant difference in ASL between the indexed and non-indexed

abutments. So far, there is still limited consensus on the factors due

to ASL in implants and more studies are needed to derive clear con-

clusions regarding the methodologies to abolish screw loosening.29

Herein, the results suggested that the type of prosthesis is an

important factor for AFs. This result is consistent with the findings

reported in a previous study, which evaluated the long-term cumula-

tive mechanical complications with a focus on the abutment neck

fractures of the Ankylos implant for single-tooth restorations in

Koreans. They observed a 2.2% (10/450) rate of AFs, and found that

middle-aged patients, the molar position, and a large implant diame-

ter were associated with a high incidence of AF.22 Results obtained

in this study indicated that patients with a single crown had a signif-

icantly higher rate of AF complications (11/475, 2.32%) than

patients with IFPD (2/470, 0.43%), and all prosthetic AFs occurred

on single crown restorations in the molar area. With respect to the

abutment mechanical complications of IFPD, a previous retrospec-

tive study with a 1- to 12-year follow-up showed a 0.3% fracture

rate of the occlusal screw, but it did not describe the rate of AF.30

In another 9-year follow-up retrospective clinical evaluation of 2- to

6-unit IFPD, the deformation and fracture rate of the prosthetic

abutment was 1.1% (10/876).31

In addition, we found that the molar position was a predisposing

factor for fractures. According to the results, AF in male patients

occurred most often in the molar position and with a large-diameter

implant. Notably, the molar is fractured more frequently than anterior

or premolar teeth because the molar region is subjected to the great-

est masticatory forces.32 Evidence suggests that the occlusal force is

significantly stronger in men than in women.33 Interestingly, we also

found that larger-diameter (4.5 mm) Ankylos implants had a signifi-

cantly higher AF rate compared to the small-diameter (3.5 mm)

implants, which is consistent with the results reported by Shim et al.22

A previous study also identified implant diameter as another factor

associated with the rate of implant fracture.34 All abutments of Anky-

los implants have the same diameter of approximately 2.5 mm at the

implant platform, regardless of the implant diameter. It is speculated

that the causal relationship between the diameter of the implant and

AF may be attributed to the fact that larger-diameter implants are

usually used in the molar areas (with a greater bite force), whereas

small-diameter implants are used more often in the anterior areas.

Relatively small-diameter implants are more likely to fracture than

large-diameter implants, but this does not apply to fracture of the

abutment. However, further studies should be conducted in the future

to validate this hypothesis.

This study is not without its limitations. First, since it is a retro-

spective study and it was difficult to accurately investigate all risk fac-

tors involved in the mechanical complications of abutments, thus,

13 factors were included, while others such as parafunctional activity,

occlusion, crown-implant ratio and so on,6,35 were not discussed in

the present study. Therefore, well-designed prospective studies are

required in the future. Second, the follow-up time of this study is 1–

9 years, since the abutment with positioning index of Ankylos was

fabricated in 2008, longer follow-up time are required to corroborate

more impactful results in the future.
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5 | CONCLUSIONS

In conclusion, our data demonstrate that the Morse taper connection

of the Ankylos implant is a safe abutment connection. The abutment

with the positioning index has a higher incidence of fracture than the

abutment without the index. Fracture of the abutment occurs more

frequently within the single crown of males in molar areas.
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