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_Purpose

In literature and manufacturer´s publications
there are no exact data about the capacity and lim-
its of individualization of the definite abutments for
crowns, bridges and overdentures on Frialit®-2
and/or Xive® implants. Therefore the data for abut-
ments have to be calculated by the use of a formula. 

_Material and methods

First all abutments regarding the indications and
construction were compared. The construction
drawings and tables of dimensions made available
by the manufacturer were consulted, in order to cal-
culate thickness, height and given conicle angle.
From this a formula was developed, in order to cal-
culate the maximal possible conicle angle. The val-
ues for greatest possible divergence compensation
of single crowns, bridges, both implant and tooth
anchored suprastructures and multi-unit recon-
structions were determined. The clinical conse-
quencees were described.

_Results 

All abutments for the anchorage of fixed and re-
movable implant retained dentures are computed
and compared. With the abutment’s different diam-
eters, the individualizing capacity are rising when
the diameter becomes larger. In comparison to ce-
ramic abutments the titanium abutments could be
more shortened and more reduced in wall thickness,
so that they have the highest values for divergence
compensation. The solid titanium Telescopic Abut-
ment could be modified most: the maximum coni-
cle angle for a single crown on D6.5 implant is 64.7°.

_Conclusions 

Intensively inclined implants of both systems do
not seem to be compatible with the unmodified pros-
thetical components. The capacity of divergence
compensation has not been examined. Practical con-
sequences and recommendations in literature or
manufacturer’s publications are not exact and usable.
The limit values of the material-depending, abut-
ment-specific and technically increased conicle angle
for divergence compensation could be computed 
by a mathematical formula. This has not been pub-
lished before for abutments of the systems 
Frialit-2 and Xive as well as for the entire implan-
tology.

_Introduction 

Natural teeth usually have an oral angulation be-
ween the longitudinal axes of root and crown, in par-
ticular for anterior teeth. That is the prosthetical or
natural divergence. For implant-retained single
crowns this divergence is in sagittal direction be-
tween implant and the prosthetical axis and must be
adapted by the dentist and/or technician to the
neighbour teeth for functional and esthetic require-
ments. If the longitudinal axes of implant and abut-
ment are identical or less divergent than their conicle
angles, straight and/or unchanged abutments can be
used. If the divergence rises, straight or angled abut-
ments can be used after appropriate individualization
by preparation. This ist the prosthetical compensation
for divergence. 

An implantological divergence develops by differ-
ent longitudinal axes between implants, between im-
plants and teeth in bridges or betweem multi-implant
reconstructions. This applies both with fixed and with
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removable protheses. The reasons for an implanto-
logical divergence are:

_ incorrect insertion technique
_ anatomical conditions, despite parallel insertion

in two dimensions. 
_ Surgical intendended angulation of the longitu-

dinal axes to achieve an implant as long as pos-
sible 

_ to avoid hurting anatomical structures 
_ to avoid augmentation

However by the type of arch of the jaw and the in-
clination of the remaining  alveolar ridge develops a
divergence up to 90° and more in the level ‘depths’
(sagittal) for a suprastructure in two or more sextants.
This appears despite parallelism in two levels: ‘length’
(vertical) and ‘width’ (transverse). Therefore a
changed, lingual bent sagittal angulation, i.e. diver-
gence in the third level ‘depth’, arises as a result of the
different resorption in the jaw.

_Material und methods 

The temporary abutment  EsthetiCap (DENTSPLY
Friadent, Mannheim, Germany) is made of plastic and
can be shortened and angulated (nearly 15°, by prac-
tical experience). It can only be used six months,
therefore it was not examined . 

Also the TempBase Abutment of titanium (DENTSPLY
Friadent, Mannheim, Germany), which is used only oc-
casionally for non submerged healing and immediate
loading. For this a prefabricated plastic component
(TempBase Cap) is used for the temporary crown. This
temporary abutment can be customized about 20° by
preparation in the mouth. Then it needs an individual,
direct temporary crown (Figure 1 and 2).2

Four definite straight - with four additional varia-
tions – and one angled abutment for the Frialit-2®
and the Xive® implant (DENTSPLY Friadent,
Mannheim, Germany) are existing for the production
of crowns and bridges. They are compatible for both

Fig. 1_ The split temporary abutment

TempBase allows immediate load-

ing. It is supplied mounted to the im-

plant and both will be installed simul-

taneously. After the use of the tem-

porary crown TempBase Cap and

progressive boneload it is removed,

i.e. after 6 weeks or later.

Fig. 2_ The EsthetiCap component

serves at the same time as healing

abutment and as temporary basis for

a single crown (max. 6 months). Here

the oval form is visable.

Single crowns
straight abutment max. compensation for divergence

name

1. EstheticBase

2. CeraBase

3. AuroBase

4. Telescopic Abutment

indication and
characteristics

individualizable
abutment
for crowns and bridges

metal-free restoration
a) direct facing,

occlusal screw
b) full ceramic crown,

cemented

Abutment, occlusal
screwed or cemented –
burn out – cast to

direct facing, occlusal
screwed single crown

manufacturer’s data

„little adjustment of the
prothetical direction“

„little adjustment of the
prosthetical direction

„Compensation of
larger divergences“

„Compensation of
greater divergences“

result through

calculation

calculation

none, because
of individual
modellation

calculation

angled abutment max. compensation for divergence

name

1. EstheticBase
angeld

indication and
characteristics

individualizable
abutment
for crowns and bridges

manufacturer´s data

„defined divergence com-
pensation of 15°“

result through

calculation

_Abument characteristics and capacity of divergence compensation (1)

Fig. 1 Fig. 2

Table 1
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systems. For multiple, occlusal screwed implant re-
tained suprastructures there is one abutment with
two types (MP and MP Classic).3

Beyond that there are four abutments for gingival
and implant-carried anchorage of prostheses, for
which the question of incorporatione direction
and/or divergence compensation has not been evalu-
ated (Table 1, 2 and 3), because there is much move-
ment between male and female component.

For the one-piece, non-submerged Xive TG im-
plant five abutments are available: Titanium straight,
Titanium 15° angulated, Burnout, Cast-to, Bar abut-
ment.

Because of the supragingival position and the
small overall height (2.0 mm) of the double square
geometry the conicle angle is very large; an additional
divergence compensation is not necessary and there-
fore was not examined. 

By this the appropriate abutment for each indica-
tion with the demanded material can be found. 4, 5, 6

Because of practical experience the technical in-
vestigation could be avoided for the definite abut-
ments. Based on the constructive data the resulting
conicle angle and the maximal compensation for di-
vergence could be calculated by a mathematical for-
mula. For this the manufacturer provided all informa-

name

1. Telescopical
Abutment

2.Abutment
AuroBase

3. MP   Abutment

4. MP   Abutment
Classic

indication and
characteristics

• conicle or
• telescopic crowns

occlusal screwed crown
or bridge
a) cast to
b) burn out

abutment for screwed
bridge, supragingival

abutment for screwed
bridge

manufacturer´s data

„compensation for
abutment´s divergenc“

„compensation for
greater divergences“

„passive fit“

„passive fit“

result through

calculation

none, because
of individual
modellation

calculation

calculation

multiple crowns and screwed bridges

_Abument characteristics and capacity of divergence compensation (2)

name

1. Ball-
Attachment

2. bar-type
Abutment
straight

3. MP   Abutment

4. MP   Abutment
AuroBase

indication and
characteristics

Retention of a lower
coverdenture on four
implants

Bar-type abutment
(prefabricated) for bar-
retained prosthesis

abutment
a)supragingival
b) classic

– burnout
– cast to

manufacturer´s data

„up to 15°“

15°

„passive fit“

15°

result through

–

–

calculation

none, because
of passive fit
and individual
modellation

Table 2

Table 3
MP = Multi-Implant

max. compensation for divergence

overdenture

_Abument characteristics and capacity of divergence compensation (3)

max. compensation for divergence
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tions: drawings, data tables and diameters of each
abutment.

_Results

EstheticBase
The following maximum values are determined by

the calculation: for the straight single abutment with
the largest diameter (D6.5) the result is 46.8°. The an-
gulated EstheticBase Abutment has a maximum diver-
gence compensation of 38.6°. 

For two and more implants the result increases to
93.6° for the straight and up to 77.2° for the angulated
abutment. In connection to a natural tooth (ideal
preparation of 6°) the angle is 54.8° for a straight abut-
ment and 44.6° for an angled abutment (Figure 3).7, 8

Telescopic Abutment
For the most substantial abutment of titanium

(telescopic abutment) a maximum conicle angle of
64.7° is calculated by modification on the implant
D6.5 for single crowns. The remaining overall height
of 3.0 mm and the wall thickness of 0.3 mm must be
regarded (Table 4, Figure 4).

Fig. 3

Data for calculation of the Esthetic Base A0/GH1

D3.4 D3.8 D4.5 D5.5 D6.5

B 3.0 mm 3.6 mm 3.9 mm 4.1 mm 4.9 mm

L 3.0 mm 3.0 mm 3.0 mm 3.0 mm 3.0 mm

R 0.15 mm 0.3 mm 0.3 mm 0.3 mm 0.3 mm

� 9.6° 15.2° 20.8° 24.4° 38.6°

Data for calculation of the Esthetic Base A15/GH1

� = conicle angle B = lower diameter
L = residual height A = angulation [°]
R = residual wall thickness, GH = gingiva-height  [mm]

minimal

Data for calculation of the Esthetic Base A0/GH1

D3.4 D3.8 D4.5 D5.5 D6.5

B 3.8 mm 5.2 mm 6.9 mm

L 3.0 mm 3.0 mm 3.0 mm

R 0.3 mm 0.3 mm 0.3 mm

� 5.8° 17.2° 30.4°

Data for calculation of the telescopic abutment

B = lower diameter L = residual height
� = conicle angle � = residual wall thickness,minimal

graph 1:
calculation of the 
conicle angle from height, 
wall thickness and the 
diameters

� = arctan
B – (M+2R)

2L � = conicle angle
B =  lower diameter
L = residual height
M = inside diameter of 

the screw channel
R = residual wall thicknes

Maximum conicle angle

Fig. 4

Data for calculation of the Esthetic Base A0/GH1

D3.4 D3.8 D4.5 D5.5 D6.5

B 3.4 mm 3.8 mm 4.3 mm 4.5 mm 5.4 mm

L 3.0 mm 3.0 mm 3.0 mm 3.0 mm 3.0 mm

R 0.3 mm 0.3 mm 0.3 mm 0.3 mm 0.3 mm

� 11.4° 19° 28° 31.6° 46.8°

Data for calculation of the Esthetic Base A0/GH1

� = conicle angle B = lower diameter
L = residual height A = angulation [°]
R = residual wall thickness, GH = gingiva-height  [mm]

minimal

Fig. 3_ The angulated EstheticBase

abutment for the diameter 4.5 can be

recognized by it´s colour. The des-

tincitve restorative margin and the

cylindric, hexagonic retention pin are

important. The abutment can be used

for single crowns and bridges.

Fig. 4_ The solid Telescopic Abut-

ment made of titanium must be

shortened intensively and tapered for

individualizing. For the grinding of ti-

taniums a special cross-linked tool is

used (Bredent, Leimen, Germany).
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CeraBase
For the substantial and broad ceramic abutment

made of alumina (CeraBase) a maximum divergence
compensation of 41.6° for single crowns on the D6.5-
implant is possible caused by less shortening (re-
maining height 5.0 mm) and by greater remaining
wall thickness (0.7 mm). 

For the anatomically formed CeraBase abutment
conicle angles between 8.4° to 8.8° (D5.5/D6.5) and a

residual height of 3.9 mm (D6.5) to 4.1 mm (D4.5) are
calculated. The entire original height is larger
(5.3–5.9mm). However it is not usable for the
achievement of a larger conicle angle, because the
margin cannot be changed. Because of this CeraBase
abutments for D3.0-implants are not available 
(Figure 5, Table 5 and 6).10

MP Abutment
For the MP insert the conicle angle is 30°. Due to

the small overall height of only 2.0mm a very large di-
vergence compensation arises as a result of the un-
changed and unchangeable original abutment. Be-
cause of that the necessity follows to tighten the
screw with high strength (24 Ncm). That means that
the greatest part of the chewing force must be carried
by the abutment screw. A calculation is not sensible
(Figure 6).

Fig. 5

Maximum compensation for divergence (�) by abutment modification for the 
broad ceramic abutment (Cerabase)

R = min. residual height 5.0 [mm]     W = min. wall thickness 0,7 [mm]    X = 1 implant    Y = 2 and more implants    � = conicle angle [°]

R = 5.0 R = 5.0
X Y

D 3.4 14.8° 29.6°

D 4.5 21.5° 43.0°

D 6.5 41.6° 83.2°

Maximum compensation for divergence (�) by abutment modification for the 
Telescopic Abutment (Titanium)

Original height R = 3.0 Original height R = 3.0
X X *  Y Y *

D3.4 5.8° 13.3° 11.4° 11.6° 26.6° 22.8°

D4.5 17.2° 38.6° 31.6° 34.4° 77.2° 63.2°

D6.5 30.4° 64.7° 59.1° 60.8° 129.4° 98.2

R = min. residual height 3.0 [mm] W = min. wall thickness 0.3 [mm] *        W = 0.5 [mm] � = conicle angle [°]
X = 1 implant Y = 2 and more implants

Data for calculation of the Esthetic Base A0/GH1

D3.4 D3.8 D4.5 D5.5 D6.5

B 5.4 mm 5.4 mm 6.0 mm 7.0 mm 7.9 mm

L 6.8 mm 6.8 mm 6.8 mm 6.8 mm 6.8 mm

R 0.7 mm 0.7 mm 0.7 mm 0.7 mm 0.7 mm

� 29.6° 29.6° 43,0° 64.6° 83.2°

Data for calculation of the CeraBase coverage Broad

� = conicle angle R = residual wall thickness, minimal
L = residual height B = lower diameter

Data for calculation of the Esthetic Base A0/GAn
D3.4 D3.8 D4.5 D5.5 D6.5

B 4.1 mm 4.1 mm 4.1 mm 4.1 mm 4.1 mm

L 5.3 mm 5.3 mm 5.5 mm 5.9 mm 5.9 mm

R 0.7 mm 0.7 mm 0.7 mm 0.7 mm 0.7 mm

� 17.2° 17.2° 16.8° 17.4° 17.6°

Data for calculation of the CeraBase coverage Anatom

� = conicle angle R = residual wall thickness, minimal
L = residual height B = lower diameter

Table 4

Table 5

Fig. 5_ The broad CeraBase blank

consists of two parts: a titanium core

for retention in the implant and a 

ceramic coverage with reverse, 

unphysiological conicle angle. Both

parts are connected by gluing. The

individualized abutment serves as

core for a cementable full ceramic

crown and/or to direct veneering of a

screw retained crown. This grinding

can be realized i.e. by the CeraBase

Tool Set (Friadent, Mannheim, 

Germany).
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Xive TG
The same capacity of divergence compensation re-

sults for the one-piece Xive TG implant, in which the MP
abutment is integrated for transgingival healing with
immediate loading by means of a bar. Therefore no cal-
culation is accomplished.

AuroBase
For the burnout or cast-to abutment AuroBase the

divergence compensation by shortening and reducing
the walls of a given form of a definite material is avoided,
because this is realised by the individual modellation
and cast of a new abutment. 3, 11 The result of the practi-
cal application test is a maximum conicle angle of 40°
(Figure 7).

Ball attachment
Maximally tolerable divergence between implants of

15° are indicated by the manufacturer for this compo-
nent for the anchorage of coverdentures. The individu-
alizing of the attachments is not possible. A calculation
is not necessary (Figure 8).

_Discussion

In literature there are only few practical usable ref-
erences about the individualization of each abutment.
They refer mainly to esthetic reasons for individualizing.
That means to increase the thickness of the buccal ve-
neering and to change the abutment´s margin into a
subgingival position. For the abutment with the model-
lation height 6, which procedes to the EstheticBase –
abutment it was mentioned: "... the adjustment to indi-

Maximum compensation for divergence (�) by abutment modification for the 
anatomically prefabricated ceramic abutment (CeraBase anatom)

� = conicle angle [°]             W = min. wall thickness 0.7 [mm]             X = 1 implant             Y = 2 and more implants

X Y

D 3.4 8.6° 17.2°

D 4.5 8.4° 16.8°

D 6.5 8.8° 17.6°

Fig. 6

Table 6

Explanation of Tables and Abbreviations

GH = height of gingiva [mm] X = 1 loaded implant

MH = height of modellation [mm] Y = 2 or more used implants

D = diameter [mm]

MP = multi-purpose, multi-implant � = conicle angle [°]

R = minimal remaining height [mm] I = straight

w = minimal thickness of the abutment´s wall [mm] II = angulated

TG = trans gingival A = angulation

Fig. 7

Fig. 8

Fig. 6_ The MP Abutment consists of

the insert and the insert screw for 

anchorage in the implant. The crown

can be screwed from occlusal 

(Classic).

Fig. 7_ The blank of the unchanged

AuroBase Abutment can be short-

ened and reduced very intensively.

The space maintainer of plastic is

burned out or cast to.

Fig. 8_ The ball-attachment permits

an articulated retention of lower

prostheses on four interforaminal 

implants.
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vidual oral conditions of the patient... by the fact that the
technician prepares the abutments and puts the edge of
crown there, where it is not visible... ". However it is em-
phasized that “the dentist can make this also in the pa-
tient´s mouth, because in both cases the original abut-
ment has to be customized". 12

"The grinding and individualizing of the abutments
are possible". 13 

The "production of an individualized abutment for a
single crown of single tap" is only mentioned. 14 

“Concerning the full ceramic abutments Ivory [pred-
ecessor of the CeraBase] one implements: "... abutments
of ceramic(s) can be prepared. This makes possible the
most extensive adjustment possible to the prosthetic
situation, angulation, gingival conture and color”. 15 

Implant divergence and its compensation is not rec-
ognized as a frequent prosthetical task. Maybe the dan-
ger of abutment loosening and screw fracture is the rea-
son for this. The investigation into the full-ceramic
abutment of alumina for single crowns (CeraBase)
shows an advantage in comparison to zircon oxide:
“Chew-physiologically sufficient maximum strength,
long-term stability and technical treatment without
risk.” 16 

The accomplished prosthetical application tests and
examinations refer to materials longer present at the
market. A new abutment of zircon oxide could improve
the data of the ceramic abutment and changes them
similar to those of titanium. 

Some past components aren’t any longer recom-
mended. The sealing ring Hermetics belongs to the Es-
theticBase and AuroBase-abutments and is an impor-
tant contribution for the sealing of the implant internal
thread. 17

The platform switch is not represented any longer for
all abutments, but exact recommendations are deliv-
ered: D3.8 with D4.5; D5.5 with D6.5. The EstheticBase
abutment with the diameter 6.5 will not be produced
any more, because these are used too rarely. The MP
Abutment is only offered in one form, with which the
abutment is fastened with its own screw in the insert
screw. The abutment CeraBase anatom is taken away
from the market.

_Summary

By the adaptation of the calculation method from
engineering to prosthodontics the maximum capac-
ity of divergence compensation could be evaluated.
Furthermore it avoids practial trials of dentist and
technician to determine the maximum individualiza-
tion.
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