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A retrospective randomized study of success rates according to abutment selection
in DENTIS submerged implant with an internal hex connection
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PURPOSE. The purpose of this study is to determine the efficacy of the DENTIS submerged-type implant with an internal hex
connection and to build corresponding abutment-selection criteria.

MATERIAL AND METHODS. A total of 204 patients received submerged implant fixtures with an internal hex connection at
the Dong-A University Hospital Dental clinic in Busan from January 2013 and May 2016. Three specific abutments, UCLA
abutments, customized abutments, ready-made abutments, were randomly selected. Implant success was defined as the basis of the
International Congress of Oral Implantologists(ICOI, 2007) criteria. The relationship between the implant success rate and the
abutment factor was analyzed using the Kruskal-Wallis test(P<.05).

RESULTS. A total of 508 implants were placed in 204 patients. After a mean observation period of 38.6 months, 493 out of 508
implants were in normal function, yielding an overall success rate of 97.05%. A total of 15 implants failed: 10 in the maxillary
molar area, 4 in the mandibular molar area, and 1 in the mandibular incisal area. All of the implant failures occurred in a single-
implant prosthesis, especially high in the maxillary molar area. The Kruskal-Wallis analysis showed that abutment selection has
no significant correlation with implant failure(P>.05).

CONCLUSION. DENTIS submerged implants with an internal hex connection showed predictable results with a success rate of
97.05%. It is no influence on the success rate in the selection of submerged implant abutment with an internal hex connection.
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I. Introduction

There were two methods of connecting an
implant fixture and an abutment: an external hex
connection” and an internal hex connection”
(Figs. 1a and b). With an external hex connec
tion, excessive loading at the initial stage could
lead to loss of crestal bone and could cause peri-
implantitis as a result of bacterial infection
arising in the micro-gap between the fixture and
the abutment®. Whereas with an internal, tissue-
level hex connection, exposure of the metal
collar at the thin gingiva could show poor
esthetics and make it more difficult to obtain
emergency profile. In order to overcome these
limitations, the submerged-type implant fixture
with an internal hex connection has been
designed and developed. In this case, the
hexagon is positioned in the fixture, and the
fixture platform is located at the alveolar bone
level (Fig. 1¢)*.

Nevertheless, clinicians do not always choose
the submerged implant type with an internal hex
connection. And they fall into confusion in their
choice, either external hex or internal hex.
Practitioners lacking in clinical experience could
be particularly uncertain of the proper implant
fixture to select. After the implant insertion, the
selection of the most appropriate superstructure
for the prosthesis also could be confusing the
dentists.

The abutments introduced for utilization in
dental implant superstructures were as follows:
casting abutment®”, which used a metal alloy,
customized abutment, which milled the abutment
according to its gingival shape and depth of the
fixture, and ready-made abutment, which
manufacturers produced in fixed sizes(Fig. 2).
For the selection of abutment, there are no clear
guidelines. Most clinicians rather are obliged to
base their judgments only on esthetics, material,

the convenience of their treatment, or the

Fig. 1. a. Branemark, external hexagonal connection(Branemark system MAKIl, Nobel Biocare AB, Goteborg,
Sweden), b. ITl, internal hexagonal connection(Straumann standard implant, Institute Straumann AG,
Waldenberg, Switzerland) and c. Submerged internal hexagonal connection(s-Clean tapered I, Dentis,

Dae-Gu, Republic of Korea).

Fig. 2. A. Gold UCLA abutment(s-Clean Gold UCLA Abutment, Dentis, Dae-Gu, Republic of Korea), B. Customized
abutment(MyPLANT abutment, RaphaBio, Seoul, Republic of Korea), and C. Ready-made abutment(s-
Clean Couple Abutment, Dentis, Dae-Gu, Republic of Korea).
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practitioner’s personal.

Establishment of abutment-selection criteria to
help ensure the success of long-term treatment is
controversial. For example, the type of gingiva
and thickness could be varied in the submerged
implant, depending on its located alveolar bone
level. This is one of the reasons why abutment
selection should be made very carefully.

The purpose of this research is to determine the
efficacy of the DENTIS submerged-type implant
with an internal hex connection and to build
corresponding abutment-selection criteria. To
those ends, the comparison of success rates was
conducted according to both implant placement

and abutment selection.

I. Materials and Methods

Patients who had undergone insertion of
DENTIS submerged implant fixture with an
internal hex connection between January 2013
and May 2016 at the Dong-A University Hospital
Dental Clinic in Busan, Republic of Korea, and
who had experienced more than six months of
normal function, were selected for inclusion in
this study. Patients suffering from early failure
prior to prosthesis insertion or from poor oral
hygiene after implantation, implant overdenture,
or systemic diseases such as uncontrolled
osteoporosis or diabetes mellitus, were excluded.
The investigation focused on patient data
including gender, age, implant placement site,
abutment type, and post-prosthetic complication,

which information had been obtained from the

relevant charts and radiographic film.

Three specific abutments of the three general
types - casting abutment, customized abutment,
and ready-made abutment - were adopted for use
in this study: UCLA abutment(screw-retained
prosthesis/ s-Clean Gold UCLA Abutment,
Dentis, Daegu, Republic of Korea), Customized
abutment(screw-cement-retained or cement-
retained prosthesis/sMyPLANT, RaphaBio,
Seoul, Republic of Korea), and ready-made
abutment(screw-cement-retained or cement-
retained prosthesis/s-Clean Couple Abutment,
Dentis, Seoul, Republic of Korea), respectively.
The abutments used in this study were randomly
assigned to the inserted implants. In this
research, implant success was defined as the
basis of the International Congress of Oral
Implantologists(ICOI)® criteria(2007): 1. Suc
cess, and II. Satisfactory survival(Table I).
Analysis of statistical difference between the
implant success rate and the abutment factor in
this study was assessed using the Kruskal-Wallis
test(P<.05).

I, Results

A total of 508 implants of 204 patients (males:
111, females: 93, age: 16-79, average age: 50.1)
were selected for this investigation. The time
duration from an insertion of the implant fixture
to the delivery of prosthesis was an average of
6.6 months. The time duration following
prosthesis insertion, which indicated the average

maintenance period, was 38.6 months(minimum:
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25 months, maximum: 55 months).

A total of 261 implants were inserted into the
maxilla: 56 (25 UCLA, 28 MyPLANT, 3 ready-
made) into the incisal area: 82 (38 UCLA, 37
MyPLANT, 7 ready-made) into the premolar
area, and 123 (75 UCLA, 34 MyPLANT, 14
ready-made) into the molar area(Table IT).

A total of 247 implants were inserted into the
mandible: 31(8 UCLA, 16 MyPLANT, 7 ready-
made) into the incisal area: 64(27 UCLA, 30
MyPLANT, 7 ready-made) into the premolar
area, and 152(109 UCLA, 36 MyPLANT, 7
ready-made) into the molar area(Table IIT).

After prosthesis delivery, 493 implants of 508
were in normal function intraorally, which

represented an overall success rate of 97.05%. A

total of 15 implants failed: 10 in the maxillary
molar area, 4 in the mandibular molar area, and 1
in the mandibular incisal area. Most of the
failures involved the UCLA abutment in the
maxillary molar area(Table IV, V).

Seven of the failures occurred within an
average of 7 months of prosthesis delivery, 2
within 1 year, and the remaining 6 within 18.5
months. They all were functioning as a single-
implant prosthesis.

Regarding the comparison of the three
abutments by Kruskal-Wallis test, there was no
significant association between implant success
abutment

rates and the three different

types(P=.420) (Table VI).

Table . The International Congress of Oral Implantologists (ICOI) (2007) classifications: success, survival, failure

Implant Quality Scale Group

Clinical Conditions

a) No pain or tenderness upon function

b) 0 mobility
¢) <2mm radiographic bone loss from initial surgery

. Success(optimum health)

d) No exudates history

a) No pain on function

b) 0 mobility
¢) 2-4mm radiographic bone loss

Il. Satisfactory survival

d) No exudates history

a) May have sensitivity on function
b) No mobility

lIl. Compromised survival

¢) Radiographic bone loss Ydmm(less than 1/2 of implant body)

d) Probing depth Y7mm
e) May have exudates history

Any of following:
a) Pain on function

b) Mobility
¢) Radiographic bone loss »1/2 length of implant

IV. Failure (clinical or absolute failure)

d) Uncontrolled exudate
e) No longer in mouth
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Table IlI. Abutment-type selection according to the maxillary area

Incisor(n=56)

Premolar(n==82)

Molar(n=123)

UCLA abutment(n=138) 25(44.6%) 38(46.3%) 75(61.0%)
MyPLANT abutment(n=99) 28(50.0%) 37(45.1%) 34(27.6%)
Ready-made abutment(n=24) 3(5.36%) 7(8.34%) 14(11.4%)
140 7
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Table Ill. Abutment-type selection according to the mandibular area

Incisor(n=231) Premolar(n=64) Molar(n=152)

UCLA abutment(n = 144) 8(25.8%) 21(42.2%) 109(71.7%)
MyPLANT abutment(n =82) 16(51.6%) 30(46.9%) 36(23.7%)
Ready-made abutment(n=21) 7(22.6%) 7(10.9%) 7(4.61%)

180
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Table IV. Implantation failure according to the abutment selection

UCLA abutment

MyPLANT abutment

Ready-made abutment

. 10 / 282
Fa|lgre No. / Total No. o (Mn. incisor: 1. y M5 / 181 . ; 0/ 45
(Failure No. on the insertion sites) Mx. / Mn. molar: 7 / 2) (Mx. / Mn. molar: 3 / 2)
Failure rate(%) 3.54% 2.7% -
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Table V. Implantation failure according to the implantation area

Incisor Premolar

Maxilla molar

Mandible molar

Failure No. 1 0

10

4

Table VI. Comparison of three abutments using Kruskal-Wallis test

UCLA abutment

MyPLANT abutment

Ready-made abutment

N 282 181 45
median 256.01 254.02 247.00
Kruskal-Wallis Test, H Value 1.735

P-value 420

IV. Discussions

When Branemark introduced implantation to
dentistry, connection to the abutment was
achieved by means of an external hex implant
fixture. Adell et al". estimated that alveolar bone
resorption had advanced an average of 1.2 mm
over the course of 1 year following implant
fixture insertion and prosthesis delivery. As a
resorption prevention, the concept of platform
switching was introduced. Becker et al”.
demonstrated that platform switching might
increase the distance between the abutment
margin and the alveolar crest, thus decreasing its
bone-resorptive effect.

Balfour et al.'® reported, concerning the
evaluation of torsional loading and compressive
bending, that increased force is necessary in
order to remove a single abutment under internal
as opposed to external hex connection. Chang et
al'”. performed a three-dimensional finite
element analysis, the results of which revealed

that implants with an external hex connection

were subjected to greater stress than submerged
implants with an internal hex connection.
Khraisat et al'®. and Steinebrunner et al'.
reported in vitro research findings indicating that
internal connection was superior to the external
connection in terms of resistance against fatigue,
fracture strength, and the failure mode. This
suggested that submerged implant with an
internal hex connection could be more effective
both in the anterior area, where there was
significant lateral loading and in the posterior
area, where there was substantial occlusal force.
In this study, 508 DENTIS implants were placed
in 204 patients, and an overall implantation
success rate was 97.05% at 38.6month follow up
period. A total of 15 implants failed:10 in the
maxillary molar area, 4 in the mandibular molar
area, and 1 in the mandibular incisal area. This
result could be compared favorably with other
cases, where a 5-year implant survival rate under
an external hex connection was 84~92% for the
maxilla and 91~99% for the mandible'.

Furthermore, the result in this study compared
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favorably also within which the 5-year implant
survival rate under an internal hex connection did
not exceed 90%".

All failed implants were functioning as a
single-implant prosthesis in this study.
Isidor'®emphasized, based on research on
monkeys, that excessive occlusal loading could
aggravate loss of osseointegration and occur
peri-implantitis. Rangert et al'”. reported that
single- or two-implant arrangement in posterior
teeth increased the risk of bending overload,
resultantly, all single implants in the first-molar
area fractured. Goodacre et al'®. conducted a
literature review and found that 12 of 332 single
implants had to be removed, the majority of
which failures were post-prosthetic. Among the
other prosthesis types(i.e., implant overdentures,
implant fixed partial/complete dentures), pre-
prosthetic failure was the most.

There are other important factors that affect the
success of the implant. For example, patient's
age, gender, systemic condition, implant size,
additional surgery, opposing dentition, smoking
and splinting were not considered in this study
because our study focused on randomly
comparing the success rates of implant abutment
types over a period of time. In addition, studies
of various local and systemic factors affecting
the success rate of implant have already proved a
number of results, so we assumed that including
the evaluation of these factors would cause
confusion in our results. Despite of high implant
success rates in this research, implant success
rate influenced by local and systemic risk factors

such as osteoporosis, Crohn's disease, smoking

habits, implant (length, diameter and location)
and vicinity with the natural dentition, are still
inevitable and showed contradictory results'.
Moy et al*®. reported that patients who were over
age 60, smoked, had a history of diabetes or
radiation treatment, or hormone therapy
significantly increased implant failure compared
with healthy patients. Chrcanvic et al*". assessed
the influence of local and systemic factors on the
occurrence of dental implant failures up to the
second-stage surgery(abutment connection). The
distribution of implants in sites of different bone
quantities and qualities was quite similar
between implants lost up to and after abutment
connection. Therefore, relevant factors affecting
the implant success rate should be considered
with caution.

For use of the submerged implant with an
internal hex connection, the abutments selected
were casting abutment, customized abutment,
and ready-made abutment. The gold UCLA
offered

biocompatibility and fracture resistance even

casting prosthesis excellent
when used in reduced crown-height space.
Additionally, it allowed convenient condition for
insertion or removal of the prosthesis on account
of which ease access for repairing was available
in the event of encountering troubles®.
Moreover, as it leaves no excess intraoral cement
from its retrievability, it could effectively prevent
peri-implantitis®.

However, in cases of UCLA abutment, screw
fracture possibly could occur due to screw
loosening in a final prosthesis. Indeed, among the

disadvantages of the UCLA abutment type were
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the complexity and difficulty of prosthesis
production, the problematic acquisition of
passive fit, and an unaesthetic appearance* >.
Furthermore, there was the possibility of micro-
leakage from screw holes on the occlusal
surfaces, which could lead to occlusion problems
or poor hygiene if such restorations were not in
suitable positions®-?".

Byrne et al*®. emphasized that when using
casting abutment, there were, relative to the cases
for pre-machined abutment or customized
abutment(the shape of which was modified at a
laboratory), more serious interfacial and vertical
discrepancies. Hebel et al®. reported the results of
tests showing that when non-passive castings were
formed for a multi-unit implant prosthesis of the
screw-retained type, these misfits between the
implant fixture and the abutment left micro gaps.

As confirmed by this research, reduced crown
height space, patient preference, the difficulty of
porcelain reduction for occlusal adjustment, and
repair convenience were the main reasons UCLA
was the most commonly used abutment type. The
implant failure in this investigation was
significantly not affected by abutment design.
However, most of the failed implants were those
with a single-unit UCLA abutment, in which case
the fixing screw made a direct connection
between the abutment and the fixture. With this
kind of arrangement, there could be a direct
occlusal load on the fixture. In looking at implant
failure according to the insertion sites, it
occurred mostly in the maxillary molar area. It
was thought that implant site’s bone quality was

one of the factors in the implant failure, and this

was supported by the previous research®-*”.

A customized abutment is fabricated by milling
it according to its gingival shape and the location
of the inserted fixture platform. This could
facilitate both the reproducing of an emergency
profile and overall laboratory processes. It is
important for preventing plaque deposition, ease
of oral hygiene and esthetics to make natural
emergence profile of prosthesis in the clinical
situation. The round ready-made abutment in the
occlusal plane did not match an anatomic
gingival configuration, therefore customized
abutments had efficacy by solving the difference
between the ready-made abutment and the cross-
sectional form of natural teeth. Especially in the
anterior area, where an excellent esthetic was
required, irregular gingival level, and deeply
inserted site, customized abutments could be
useful for an anatomically ideal prosthesis®. By
contrast, if the ready-made abutment was used in
those case, with fixed angulation it might be
adjusted excessively, therefore it could lead to
reducing the retention of the prosthesis.
Moreover, it might result in less than ideal crown
contours and insufficient support for optimum
soft tissue esthetics because its size of the collar
height and the the cross section were fixed*>?.
Thus, a customized abutment could make the
thickness of the final prosthesis ideal, and enable
easy to retrieve splinting prosthesis without loss
of retention™ **%. This research indicated that in
incisor and premolar placement cases, where
esthetics is considered to be important,
customized abutment is preferable to the ready-

made abutment.
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Within the limitation of this study, DENTIS
submerged implant with an internal hex
connection showed predictable results with a
success rate of 97.05% at the maxillary and
mandibular incisor, premolar and molar sites.

There was no significant association between

“E

1. Adell R, Lekholm U, Rockler B, Br?nemark Pl. A 15-
year study of osseointegrated implants in the
treatment of the edentulous jaw. Int. J Oral Surg
1981;10:387-416.

2. Maeda Y, Satoh T, Sogo M. In vitro differences of
stress concentrations for internal and external hex
implant-abutment  connections: a short
communication. J Oral Rehab 2006;33:75-78.

3. Oh TJ, Yoon J, Misch CE, Wang HL. The cause of
early implant bone loss : myth or science? J
Periodontol 2002;73:322-333.

4. Stephen T, Chen Ivan D, Darby Eric C, Reynolds. A
prospective clinical study of non-submerged
immediate implants:clinical outcomes and esthetic
results. Clin. Oral Impl. Res 2007;18:552-562.

5. Lewis SG, Beumer J, Perri GR, Hornburg WP. Single
tooth implant supported restorations. Int J Oral
Maxillofac Implants 1988;3:25-30

6. Lewis SG, Beumer J, Perri GR, Hornburg WP. The
"UCLA” abutment. Int J Oral Maxillofac Implants
1988;3:183-189.

7. Lewis SG, Llamas D, Avera S. The UCLA abutment:
a four-year review. J Prosthet Dent 1992;67:509-
515.

8. Misch CE, Perel ML, Wang HL, Sammartino G,
Galindo-Moreno P, Trisi P, Steigmann M, Rebaudi A,
Palti A, Pikos MA, Schwartz-Arad D, Choukroun J,
Perez JL, Marenzi G, Valavanis DK. Implant success,
survival, and failure: The International Congress of
Oral Implantologists(ICOlI) Pisa Consensus
Conference. Implant Dentistry 2008;17:5-11.

implant success rate and the three different
abutment types. However, many relative factors
affecting implant success rates should be

considered, and a long-term follow-up period

will be needed to assess implant prognosis.

=
[

O

10.

= B

Becker J, Ferrari D, Herten M, Kirsch A, Schaer A,
Schwarz F. Influence of platform switching on crestal
bone changes at non-submerged titanium implants:
a histomorphometrical study in dogs. J Clin
Periodontol 2007; 34:1089-1096.

Balfour A, O’Brien GR. Comparative study of
antirotational single tooth abutments. J Prosthet
Dent 1995;73:36-43.

. Chang HS, Chen YC, Hsieh YD, Hsu ML. Stress

distribution of two commercial dental implant
systems: A three-dimensional finite element
analysis. J Dent Sci 2013;8: 261-271.

. Khraisat A, Stegaroiu R, Nomura S, Miyakawa O.

Fatigue resistance of two implant/abutment joint
design. J Prosthet Dent 2002;88:604-10.

. Steinebrunner L, Wolfart S, Ludwig K, Kern M.

Implant-abutment interface design affects fatigue
and fracture strength of implants. Clin Oral Impl
Res 2008;29:1276-1284.

. Adell R, Eriksson B, Lekholm U, Branemark PI,

Jemt T. A long-term follow-up study of
osseointegrated implants in the treatment of totally
edentulous jaws. Int J Oral Maxillofac Implants
1990;5:347-359.

. Buser D, Mericske-Stern R, Bernard JP, Behneke

N, Hirt HP, Belser UC, Lang NP. Long-term
evaluation of non-submerged [Tl implants. Clin Oral
Impl Res 1997;8:161-172.

. Isidor F. Loss of osseointegration caused by

occlusal load of oral implants: A clinical and
radiographic study in monkeys. Clin Oral Impl Res

(m

[eERF = ek <hlx o

o

oL
Yi{ee

E

)

CHEHR| 2ol AFEIEIA| Mis6 M[11E 2018 | 613



ORIGINAL ARTICLE

. Rangert B, Krogh PHJ, Langer B, Roekel

. Alsaadi

22.

23.

24.

25.

26.

s

1996;7:143-152.

NV.
Bending overload and implant fracture: A
retrospective clinical analysis. Int J Oral Maxillofac
Implants 1995;10:326-334.

. Goodacre CJ, Kan JYK, Rungcharassaeng K.

Clinical complications of osseointegrated implants. J
Prosthet Dent 1999;81 :537-552.

G, Quirynen M, Koma'rek A, van
Steenberghe D. Impact of local and systemic
factors on the incidence of oral implant failures, up
to abutment connection. J Clin Periodontol
2007;34:610-7.

. Moy PK, Medina D, Shetty V, Aghaloo TL. Dental

implant failure rates and associated risk factors.
Int J Oral Maxillofac Implants 2005;20:569-77.

. Chrcanovic BR, Kisch J, Albrektsson T, Wennerberg

A. Factors influencing early dental implant failures.
J Dent Res 2016;95:995-1002.

Chung CH, Son MK. The classification and
comparison of implant prosthesis according to
types of retention. Part |: Screw retained
prosthesis vs cement retained prosthesis. J Korean
Acad Oral Maxillofac Implantology 2010;14:138-151.

Hebel KS, Gajjar RC. Cement-retained versus
screw-retained implant restoration: Achieving
optimal occlusion and esthetics in implant dentistry.
J Prosthet Dent 1997;77:28-35.

Kallus T, Bessing C. Loose gold screws frequently
occur in full arch fixed prostheses supported by
osseointegrated implants after 5 years. Int J Oral
Maxillofac Implants 1994;9:169-178.

Carlson B, Carlsson GE. Prosthodontic complications
in osseointegrated dental implant treatment. Int J
Oral Maxillofac Implants 1994;9:90-94.

Jemt T, Linden B, Lekholm U. Failures and
complications in 127 consecutively placed fixed
partial prostheses supported by Branemark
implants: From prosthetic treatment to first annual
checkup. Int J Oral Maxillofac Implants 1992;7:40-
44,

=
[

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

-

Park SD, Lee Y, Kim YL, Yu SH, Bae JM, Cho HW.
Microleakage of different sealing materials in
access holes of international connection implant
systems. J Prosthet Dent 2012;108:173-180.

Byrne D, Houston F, Cleary R, Claffey N. The fit of
cast and premachined implant abutments. J
Prosthet Dent 1998;80:184-192.

Weng D, Jacobson Z, Tarnow D, Hurzeler MB,
Faehn O, Sanavi F, Barkvoll P, Stach RM. A
prospective multicenter clinical trial of 3i machined-
surface implants: Results after 6 years of follow-
up. Int J Oral Maxillofac Implants 2003;18:417-423.

Herrmann |, Lekholm U, Holm S, Kultje C.
Evaluation of patient and implant characteristics as
potential prognostic factors for oral implant failure.
Int J Oral Maxillofac Implants 2005;20:220-230.

Henriksson K, Jemt T. Evaluation of custom-made
procera ceramic abutments for single-implant tooth
replacement: a prospective 1-year follow-up study.
Int J Prosthodont 2003;16:626-30.

Kim HS. Fabrication of custom abutment using
dental CAD/CAM system. J Korean Dent Assoc
2012;50:118-25.

Wu T, Liao W, Dai N, Tang C. Design of a custom
angled abutment for dental implants using
computer-aided design and nonlinear finite element
analysis. J Biomech 2010;43:1941-6.

Sailer |, Zembic A, Jung RE, Siegenthaler D,
Holderegger C, Ha "mmerle CH. Randomized
controlled clinical trial of customized zrconia and
titanium implant abutments for canine and
posterior single-tooth implant reconstructions:
preliminary results at 1 year of function. Clin Oral
Implants Res 2009;20:219-25.

Baldassarri M, Hjerppe J, Romeo D, Fickl S,
Thompson VP, Stappert CF. Marginal accuracy of
three implant-ceramic abutment configurations. Int
J Oral Maxillofac Implants 2012;27:537-43.

Lee CJ, Yang SE, Kim SG. Evaluation of reverse
torque value of abutment screws on CAD/CAM
custom-made implant abutments. J Korean Acad
Prosthodont 2012;50:128-

614 | CHEtR|Zto| AFRS|X| Rised H|115 2018




