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Logical, feasible
Part 1
and digital

Karl-Heinz Körholz presents solutions with the FDS system in a two-part article on a „truly uncomfortable“
patient case.

„OH, SO YOU‘RE ALSO into digital full dentures?
And I always thought you couldn‘t part with your old
working habits!“ I‘ve heard this comment or, „I always
thought you were rather conservative“ over and over
again in recent years.

But of course, one‘s self-perception is quite different.
And in reality it is true that for many years I have strictly adhered to a quote by songwriter Wolf Biermann:
„Only those who change remain true to themselves.“
And since curiosity and the eternal question of „why“
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is existential in my life, there was no question for me
that I should not also be intensively interested in the
further development of full dentures. However, I have
to admit that for me a new method is only a method to
be taken seriously if it not merely works on a test set-up,
but also proves itself during its ultimate use. This is also
the reason for testing a „truly uncomfortable“ patient
case with the help of the FDS system from Amann Girrbach with the provocative statement: „If it works here,
then it really does work.“

Digital status
For some time now it has been possible to scan plaster
models and their assignment and process them digitally. The same applies to hard substances in the mouth,
such as teeth, tooth stumps and implants. Nonetheless,
I think we will still have to be patient for a while longer
until a satisfactory practical method is found to also
capture resilient and moving zones digitally, as would
be necessary for full dentures. I have no doubt that
there will be solutions here at some point in time. After
all, we have achieved so much that is new in digital
prosthetics, where five years ago we would simply have
shook our heads.

The now and today and the more
Nevertheless, it is very interesting for me at this point to
pose the question: „Where do we stand now, and what
can we already achieve today? What makes sense for
the laboratory and what are the benefits for the patient?“ This series of articles is not about whether a particular system is the best or whether another system is
still in its infancy, but about whether and how the FDS
system from Amann Girrbach can be integrated into
daily practice. The fact that digital full dentures can be
implemented with this system and used in everyday
routine has already been proven in the past in practical
work and specialist articles. But as a dental technician
you still dream about „more“ and always have a „yes,
but“ ready for every answer given.
That‘s why I dared to select a very awkward patient
case that would be very complicated to realize, even by
analog means. I will present this case in several steps
and image sequences.

 1 The two-phase anatomical impression ensures that
all regions of the future denture bed are covered and
much more.

Part 1 – All the necessary
requirements
The initial situation
With all currently available systems for digital full dentures, it is currently necessary to more or less perform
almost all work steps, from anatomical impression taking to model assembly, using conventional methods.
If the models are placed in the movement simulator for
the mandible, with or without the use of transfer aids
or facebows, relation templates and esthetic templates,
these values can be digitized accordingly.
Therefore, these steps are nevertheless briefly summarized in the following to clearly emphasize the particular difficulties of this special situation in practice.
The anatomical impressions
The main task of two-phase anatomical impressions is
to cover all regions of the future denture bed and much
more. The correct reduction of this „spaciousness“ in
order to produce functional trays must be carried out
very carefully with a great deal of expertise.
The impression of the mandible in particular does not
suggest being a straightforward case. Therefore it is
necessary to already apply greatest care at this point in
time ( 1 and  2).
According to the impression, the anatomical models
must also represent all the anatomical regions. If the
dental technician takes the trouble to create these as
carefully and generously as a functional model in terms
of dimensions, then the technician will be able to recognize all the regions where the impressions were deliberately overdone more easily. Experience has shown
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 2a and  2b The impression of the mandible in particular does not suggest being a straightforward case. For
this reason, the greatest care must already be taken by
the treatment team in the practice at this stage.

 3 The anatomical models must also cover all regions of the impression. If the dental technician takes the trouble to create these as carefully
and generously as a functional model in terms of dimensions, then the
technician will be able to recognize all the regions where the impressions were deliberately overdone more easily.

that too generous an extension of the tray border is one
of the biggest mistakes and requires considerable
reworking in the practice ( 3 and  4).
I prefer to produce the individual trays from self-curing
resins. This has the advantage that dimensional accuracy is assured. Furthermore, the walls required for lip and
cheek support can be polymerized safely and seamlessly onto the bases. The bite fork for the facebow transfer can be attached directly to the grip wall, but please
make sure it is removable ( 5).

 4a and  4b Experience has shown that too generous an
extension of the tray border is one of the biggest mistakes.
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The functional impressions
Again, one should work in three phases here if we do
not want to risk the tray edges or base penetrating at
any point:
1. Stops
2. Margin impression
3. Base impression.
Based on the anatomical impression taken before very
carefully, we saw that we had covered all regions, particularly in the distal region ( 2a and  2b).
The distal extension of the tray was maintained consistently, which now helps us with the functional impression ( 6). However, the vestibular regions of the anatomical impression in the mandible were reduced by
the tray borders. These regions could now be formed
again in a functionally meaningful manner without
being negatively affected in their actual form through
over-extended margins ( 7). In this situation, the procedure of tending to reduce the tray margins for functional impressions is once again proving its importance:
if you compare  2b with  8, you can clearly see a
ledge that was marked with white arrows on the anatomical impression and with red arrows on the functional impression. This is the limit of the vestibulum, which
must also be considered in the vestibular fold. If this is
not recognized or not observed, the mandibular denture will never hold properly, let alone sit on the gingiva. And this is precisely one of the challenges for digital
prosthetics in the mandible. How are mandibular models with such more unusual shapes to be managed?
( 8).

 5 The individual trays are made from self-curing resins. This has the
advantage that dimensional accuracy is assured. Furthermore, the
walls required for lip and cheek support can be polymerized safely and
seamlessly onto the bases. The bite fork for facebow transfer can be
attached directly, but removably, to the grip wall.

The arbitrary facebow transfer
With the aid of the removable and accurately repositionable bite fork on the maxillary grip wall of the upper
functional tray, the arbitrary transfer of the facebow
can be performed directly after the functional impression in the same session. This avoids unnecessary inaccuracies in arbitrary transfer due to the fact that we do
not need a new base specifically for the facebow transfer. The functional maxillary model can thus be fabricated, mounted in relation to the temporomandibular
joint and then trimmed, ground and sanded down once „freed“ from the impression ( 9).
It should be superfluous to have to mention that the
functional models need to be fabricated carefully and
that only then may precisely fitting templates be created
for determining the relationship. I recommend lining
these bases on the functional models with a suitable
grindable silicone (here: Majesthetik-Gingiimplant from
picodent).

 6 The functional impressions: again, one should work in three phases here if we do not want to risk the tray edges or base penetrating
at any point. Based on the anatomical impression taken before very
carefully, we saw that we had covered all regions, particularly in the
distal region ( 2a and  2b). The distal extension of the tray was
maintained consistently, which now helps us with the functional
impression.
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 7 However, the vestibular regions of the anatomical impression in

 8 In this situation, the procedure of tending to reduce

the mandible were reduced by the tray borders. These regions could
now be formed again in a functionally meaningful manner without
being negatively affected in their actual form through over-extended margins.

the tray margins for functional impressions is once again
proving its importance: if you compare  2b with  8,
you can clearly see a ledge that was marked with white
arrows on the anatomical impression and with red arrows
on the functional impression. This is the limit of the vestibulum, which must also be considered in the vestibular
fold. If this is not recognized or not observed, the mandibular denture will never hold properly, let alone sit on the
gingiva. And this is precisely the challenge for digital prosthetics in the mandible. How are mandibular models
with such more unusual shapes to be managed?

 9 With the aid of the removable and accurately repositionable
bite fork on the maxillary grip wall of the upper functional tray,
the arbitrary transfer of the facebow can be performed directly
after the functional impression. This avoids unnecessary inaccuracies during transfer due to the fact that we do not need a new
base. The functional maxillary model can thus be fabricated,
mounted and then trimmed, ground and sanded down once
„freed“ from the impression.

White wax walls are used instead of the pink-colored
registration walls. These approximately reflect the natural appearance of the later tooth set-up.
If no specifications on their dimensions are given in
advance by the dental practice (for example using BHM
bite height measuring devices), we strictly adhere to the
learned mean values ( 10).
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 10 The functional models are fabricated carefully and precisely fitting templates for determining the relationship are
produced. I recommend lining these bases on the functional models with a suitable grindable silicone. (here: Majestic
gingival implant, picodent).
The white wax walls are to reflect the appearance of the later tooth set-up much more naturally. If no specifications on
their dimensions are given in advance by the dental practice we strictly adhere to the learned mean values.

 11 First, the length of the maxillary incisors on the maxillary wax wall is determined. On this basis, the parallelism of
the maxillary occlusional plane to the Camper‘s plane must then be checked and, if necessary, corrected. I take it for
granted here that the lip profile of the maxillary and mandibular wax walls must be exactly adapted to the desired
esthetic appearance of the patient. However, it is equally important to consider the static course of the mandibular
labial surfaces and to already correct them as well if necessary. Canine positions, the esthetic midline as well as the
marking of the smile line are essential for fabricating an anterior tooth set-up tailored to the patient‘s individual needs.
The reason being: all these values will play an essential role in the subsequent scan of the templates, as the tooth setup will be performed exclusively according to these specifications. Finally, the vertical dimension is adjusted taking into
account the speaking distance and all early contacts are removed from the lower wax wall when closing the mandible.
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 12 Once all necessary information is marked on the templates in the patient‘s mouth,
small occlusal notches are
created in the walls and the
templates are encoded in a
controlled manner using an
additively applied material.
Here with aluminum wax.

 13a and  13b Since the maxillary model is already set up in the Artex, it is only necessary to mount the mandibular
model against it with the centric registration. All lines and markings as well as the occlusal plane and the anterior sagittal distance are clearly visible.

Relation determination and model assembly
First, the length of the maxillary incisors on the maxillary wax wall should be determined. On this basis, the
parallelism of the maxillary occlusional plane to the
Camper‘s plane must then be checked and, if necessary, corrected.
The lip profile of the maxillary and mandibular wax walls
should be adapted exactly to the desired esthetic appearance of the female patient.
It is equally important to consider the static course of
the mandibular labial surfaces and to already correct
them as well if necessary. Canine positions, the esthetic
midline as well as the marking of the smile line are essential for fabricating an anterior tooth set-up tailored
to the patient‘s individual needs.
The reason being: after successful scanning of the templates, all these values will play an important role, as
they serve as additional orientation during the virtual
tooth set-up.

And finally, taking into account the „comfortable“
speaking distance, the vertical dimension is adjusted
and all early contacts are removed from the lower wax
wall when closing the mandible ( 11).
Once all the necessary information has been marked
on the templates, small occlusal notches are created in
the walls and the templates are encoded in a controlled
manner using an additively applied material, in this
case aluminum wax. Then the templates are placed on
the master models, paying special attention to interfering dorsal model regions ( 12).
As the maxillary model has already been set up in the
Artex CR with reference to the skull, it is only necessary to mount the mandibular model against it with the
centric registration. All lines and markings as well as
the occlusal plane and the anterior sagittal distance are
clearly visible and can be used later in the digital working process ( 13a and  13b). 
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Model analysis
The scanning processes of the models and the relation templates
The relation templates mounted in the Artex CR are
treated with scan spray before the scanning process, thus
ensuring that all previously applied markings are digitized
precisely. The models are scanned in their position relative to each other and in the correct position as in the
articulator with the aid of the Ceramill transfer kit. All
these data are available at any time in the database with
the now created scan data for each subsequent work
step for checking and comparison ( 14 and  15).
A glance at the digitized relation template now exactly
reflects all the data that were previously carefully compiled on the patient. This information is not only used to
set up the work, but can also be used again for checking
any part of the work process ( 16). If situation models
have been created, it makes sense to scan these as well
and therefore be able to refer to the current patient situation as an opportunity for comparison ( 17).
The maxillary model
Scanning of the maxillary model presented us with the
first real challenge: the created maxillary model had a
very deep vestibular fold and therefore did not primarily
represent mere routine work which the scanner could
simply accomplish „in one go“. However, with the competent help of colleague Lars Jessler from Amann Girrbach, even this difficult real patient situation could be
mastered. Reducing the outer margins of the model to
facilitate this work step is inappropriate and reduces the

 14 and  15 The relation templates mounted in the Artex
are treated with scan spray to avoid possible data loss. The
models are adjusted in the Ceramill fixator in order to scan
them in this position relative to each other and in the correct
position as in the articulator. All these data are now available
in the data library for checking and comparison at any time
for the following and each subsequent work step.

 16 A look at the digitized relation template
now exactly reflects all
the data that have
been carefully compiled on the patient.
These data are not only
used to set up the
work, but can also be
used as a control step
in every part of the
work process.
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 17 Of course, an existing
situation model can also be
entered in the data set to be
able to constantly use comparison options for this situation as well

 18a Now comes the first challenge: the scanning process of the maxillary model: the fabri-

 18b Less effort was required

cated maxillary model had a very deep vestibular fold and therefore did not primarily represent mere routine work that the scanner could simply accomplish „in one go“. However,with
the competent help of colleague Lars Jessler from Amann Girrbach, even this difficult real
patient situation could be mastered.

for the mandibular model,
which was very „extensive“
and revealed a view of every
region of the alveolar ridge

correctness of the previous painstaking and accurate
impression and greatly diminishes the final result in the
patient‘s mouth ( 18a).
The mandibular model
It took less effort to scan the mandibular model, which
was very „extensive“ and revealed a view of every region of the alveolar ridge without undercuts. One can
clearly see the huge dimension of the mandible and how

high the vestibular fold is in this work (see also 8 and
its explanations).
The alveolar ridge in the mandible is extremely atrophied
in the posterior region, causing the dorsal mandibular
branch to protrude almost at right angles. The anterior
alveolar ridge is certainly visible on the model, but hardly visible in the mouth. The shaped sublingual role, which
is responsible for supporting the mandibular denture, is
clearly visible.
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 19a to  19c The determination of the occlusal plane is
now one of the first points in
the construction of full dentures. If this is clearly indicated on the registration wall as
seen in  12 and  13, it must
also be clearly marked on the
screen via three points during
the contraction process.
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 20a and  20b Model analysis can be performed very quickly. The program guides the technician through the
process step-by-step. The next step cannot be continued until the previous one has been executed and confirmed
with „OK“. On the one hand, no step can be forgotten and, on the other, the entire program has the most accurate
information for setting up the anterior and posterior teeth so that the teeth can also be placed in a statically favorable position. In these illustrations, the limits of the retromolar cushions on the mandibular models are marked.
This is initially done with approximate circles, which can then be corrected individually point by point.

By the way, a major advantage of digital full dentures is
that all working documents, such as the models at this
point, can be greatly enlarged and rotated on the screen
and thus only reveal numerous details for the first time
in this oversized dimension ( 18b).
The construction of the full dentures
One of the first points in the fabrication of full dentures
is the determination of the occlusal plane. If this is clearly indicated on the registration wall as seen in 12 and
 13 , then it must, as a consequence, also be clearly
marked on the screen via three points after the scanning
process ( 19a to  19c). During the further process, this
plane is mainly responsible for the model analysis with
regard to the determination of the lowest point of the
alveolar ridge profile and for the alignment of the posterior teeth. If this information were missing, the posterior teeth could not be aligned in the wizard step „Tooth
set-up“. Fortunately, the wizard guide of the FDS system
is designed such, that it would not even be possible to
continue the subsequent work steps without previously
fixing the occlusal plane. The same „safety variant“
exists for the model analysis, without which no tooth
selection, let alone set-up, can be achieved in the specified sequence and its completion.
Model analysis
In two to three sequences it is to be shown that the model analysis can be performed quite quickly and easily.

The wizard step „Model Analysis“ guides the user stepby-step through the entire model analysis such, that the
next step can only be continued after the previous step
has been executed and confirmed with an „OK“. This
ensures that no information can be forgotten and that
the set-up of the anterior and posterior teeth can be
placed exactly and statically favorable.
In these illustrations, the borders of the retromolar cushions on the mandibular model are marked first. This is
initially done with approximate circling, which can then
be individually corrected point by point ( 20a and
 20b).
Another important point in model analysis is marking
the positions of the first premolars, which must be indicated as „starting points“ of the static lines: in the maxilla, approximately one premolar width behind the canine position and in the mandible approximately in extension of the cheek ligaments on the alveolar ridge. The
procedure for model analysis is described in detail in the
TiF system Full Dentures and served as a basis here ( 21
and  22).
The highest point of the frenulum of the tongue serves
for marking the anatomical center, which may of course
differ from the markings on the esthetic template. Here
we will once again illustrate how exactly such markings
can be determined by „mouse and click“ ( 23). Without
the precise impression of the sublingual role and subsequent careful model fabrication, this point would not
have been visible at all and would have been lost.
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 21 and  22 A further important point in model analysis is marking the positions of the first premolars, which must be indicated
as the „starting points“ of the static lines: in the maxilla, approximately one premolar width behind the canine position and in the
mandible, approximately in extension of the cheek ligaments on the alveolar ridge. The procedure for model analysis is described
in detail in the TiF system Full Dentures and served as a basis here.

 23 The highest point of the frenulum of the tongue serves
for marking the anatomical center, which may of course differ from the markings on the esthetic template. Here we
will once again illustrate how exactly such markings can be
determined by „mouse and click“ .

 24 The program determines the so-called „six-position“
automatically from the course of the alveolar ridge profile
and the defined occlusal plane. It is precisely the individual
determination of this position with skull-related models
mounted in the articulator that often causes dental techni
cians some difficulties directly on the plaster models in
practice. Here it is again simply a mouse click when
processing one of the menu items during model analysis.
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 25a and  25b Markings of the usable set-up ranges as an overview. Both the basic static lines and their corrections limit the static corridor.

 26a and  26b The result is illustrated well in the next
view. You can see where the divisions are located and
how wide they are. From this, the program determines
the corridor for the placement of the posterior teeth in the
mandible and maxilla that is statically closest to an ideal
function in the next and, for the time being, last step of
the model analysis.

An enormously important step in preparing the model
analysis is determining the position of the largest chewing
section of the mandible. However, this will not be
discussed in detail here. Only this much: the Ceramill DFlow Software determines the position automatically from
the previous data – namely from the course of the alveolar ridge profile and the defined occlusal plane. It is precisely the individual determination of this position with
skull-related models mounted in the articulator that often
causes dental technicians some difficulties directly on the
plaster models in practice. Here it is simply a mouse click

when processing one of the menu items during model
analysis ( 24).
In the top view, all the markings and associated usable
set-up regions can now be displayed in an entire overview. This way, both the basic static lines as well as their
corrections which limit the static corridors, become visible ( 25a and  25b).
In the dorsal view, the graphic result now clearly shows
at which point and how wide the corridors of the respective set-up regions are. From this, the program will then
determine the statically functional and ideal common setup region for placing the posterior teeth in the mandible
and maxilla in the next and, for the time being, last step
of the model analysis ( 26a and  26b). 
In the July issue, Karl-Heinz Körholz describes the
further work steps within the context of the digital
workflow, from setting up the teeth to the milling
processes and try-in on the patient.
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Logical, feasible
and digital
Part 2

Can full dentures also be created digitally? „Yes,“ says Karl-Heinz Körholz and illustrated the analog steps
of a challenging patient case in part one. In part two, everything revolves around the digital fabrication
phases with the FDS System from Amann Girrbach.

Digital set-up
Setting up continues with the wizard step „Denture
tooth placement“. The best fitting posterior teeth are
automatically selected from the sets of teeth saved in
the library. First, the various tooth shapes and sizes are
displayed, which, according to the values determined in

the model analysis, come into question in this case. Colored data in green letters confirm that these tooth shapes fit best in terms of size, while those in red letters are
not quite as suitable in terms of their dimensions, but
could still be selected if desired.
This wizard step also offers the option of selecting whether, for example, the second molars should be set up
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 27 Wizard step „Denture
tooth placement“: the tooth
sets saved in the library are
suggested automatically
based on the results of the
model analysis. First, the various tooth shapes possible
according to the model analysis, are displayed. Colored
data in a green font indicate
that these tooth shapes fit in
terms of size, those in a red
font deviate more strongly
from the result of the model
analysis, but can still be selected if desired.
As a further option, one can
select whether the second
molars are set up always,
never or only if possible according to the model analysis.

 28a and  28b The „Place
Posteriors“ button automatically sets the selected posterior teeth according to the
model analysis. The six is in
the right place, as is the first
premolar. The occlusal plane
acts as the specification for
the horizontal positioning of
the posterior teeth.
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 29 When setting up the
anterior teeth, the technician
can also view the less suitable
sets of teeth to get an idea of
the space available and select
the optimum tooth shape and
size for this patient.
In the classical set-up, this
could only be achieved with
an enormous effort in time.

in every case or only if this is possible or never ( 27).
The „Place Posteriors“ button automatically sets the
selected posterior teeth according to the model analysis. The six is set up in the determined position as is the
first premolar. The occlusal plane forms the specification for the horizontal alignment of all anterior and posterior teeth. This means that it is no longer possible for
„the left side to droop“, provided that the occlusal
plane had previously been specified correctly in the
dental practice.
For control purposes, the model analysis or, as shown
here, the common set-up region, can be visualized at
any time by showing/hiding ( 28b).
When setting up the anterior teeth, the technician can
also have the tooth sets displayed that do not fit perfectly (indicated in red) to get an idea of the corresponding alternative tooth shapes and space conditions.
Such an approach would of course also be possible in
the classic set-up with wax and a wax knife, but it
would be far more elaborate. Compared to the manual technique, the digital set-up of anterior teeth offers
an enormous time advantage at this point ( 29).
If all previously determined parameters of the model
analysis as well as the tooth library are taken into account, the result will generally lead to a harmonious
and functional set-up. This gives the dental technician
a very useful suggestion, which can in most cases be
adopted in this form ( 30).
The procedure of displaying the esthetic template
„over“ the set-up during or after setting up the anterior and posterior teeth is extremely effective. This has
the advantage that matches or deviations can be recognized directly on the screen. In the analog working
process, this can also be seen approximately by using
previously fabricated silicone keys, however, this is con-

siderably less precise, far more time-consuming and
involves a great outlay of material. Changes to individual teeth or larger regions can usually be corrected in
seconds due to the digital information ( 31).

Individual set-up of
the anterior teeth
Modifying the set-up
I believe it is important that a set-up calculated by the
Ceramill CAD Software can still be individually modified
digitally. And this is very simple: we remove the maxillary model with a mouse click in the show/hide window
and can change individual teeth or entire groups of
teeth with the corresponding control points.
An exception is that we can never move individual teeth
in the posterior region, but only the entire posterior
blocks. This seems sensible, as the occlusal contact relations, which were specified in their optimal position
by the tooth manufacturers, cannot be changed into a
dysfunction inadvertently. However, it remains possible to move these as complete blocks to lingual or vestibular or to rotate them around the first premolar to
expand the set-up accordingly or to better capture the
static region ( 32). The occlusal contact relationship is
always maintained during this process.
Individual set-up of the anterior teeth
The buttons, with which the anterior tooth positions can
be varied, are intuitive and clearly marked by the additional icons. This makes it absolutely clear as to whether
a single tooth is to be moved or rotated. One can also
specify here how this is to be done: in all directions,
mesial/distal, buccal/lingual or occlusal. This information
corresponds to the mindset of the dental technician and
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 30 Harmonious and functional set-up, as recommended
by the program by selecting
the anterior and posterior
teeth in green font. This gives
the dental technician a very
useful suggestion, which can
also be adopted in most
cases.

 31 It is extremely effective
if the esthetic template is displayed „over“ the set-up
during or after setting up the
anterior and posterior teeth.
This has the advantage that
matches or deviations can be
recognized directly and corrected where desired.

 32 It also seems important to be able to individually
modify a set-up although it is correct and well-intentioned by the program. This can be done very simply by
hiding the „anatomy of the maxilla“ with a mouse click.
Now individual teeth or entire blocks can be shifted
without endangering the optimized occlusal toothing
in the posterior region.
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 33a The menu items for shifting individual teeth are

 33b Menu item „Chain Mode“: here, all the anterior

very intuitive to use and clearly indicated by the icons.
Here it is decided whether or where to a tooth is to be
steplessly moved.

teeth can be moved like a string of pearls by selecting
a single tooth. This makes it possible to compensate for
irregularities or to make sagittal steps more even.
The individual teeth in this grouping remain connected
to each other during this process.

to what then happens with the selected tooth on the
screen. And of course, movement of the teeth is infinitely variable ( 33a).
Single and chain mode
Another feature for tooth placement is the „chain mode“, which allows the correction of an entire row of
teeth or several teeth simultaneously. There, for example, the entire anterior teeth can be „grabbed“ with a
selected tooth and moved like a string of pearls. This
makes it possible to compensate for irregularities or to
make sagittal steps more even. However, the individual
teeth in this group remain connected to each other during this process ( 33b).
The use of the chain mode is represented by a turquoise
bar inside the teeth. The teeth marked in this way can
therefore be offset as a group. The teeth marked in red
are no longer affected by the movement of the chain
mode ( 34).
In this example, the mandibular canines remain in their
position while the mandibular anterior tooth arch is to
be modified. In the same manner, the teeth can be rotated individually along their labial axis or in chain mode
in the „Rotate“ mode. If, for example, individual or all

four maxillary anterior teeth are to face in a vestibular
direction with the incisal edge, these can be „grabbed“
with the mouse and moved seamlessly in the desired
direction. If the model analysis is superimposed, as
shown here in Figure  35, the set-up can also be adapted individually to its specifications.
Occlusal and vestibular view
The possibilities of customization can also be viewed
from the occlusal and extended additionally. One should
make sure that the anterior and posterior teeth are located in their regions of the model analysis. As a rule
and as already mentioned, this is done after the selection
and the command „Set-up: anterior and posterior
teeth“. Figure  36a shows the posterior teeth exactly
in the set-up region. The mandibular anterior teeth are
rotated slightly along their vertical axes here. The center
is now shifted slightly to the right due to the rotation of
tooth 43, which reduces the dental arch on the right
side. The chain mode (see turquoise bar) then shifts the
entire row of front teeth marginally to the right. Now,
of course, this situation can be customized additionally.
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 34 The chain mode is represented by a turquoise bar. This
means that the teeth can be moved together as a group. The
teeth marked in red indicate those teeth that are no longer
affected by the chain mode movement.

 35 In the same manner, the teeth can be rotated along the
labial axis either singly or in the chain mode by using the
„Rotate“ mode. If, for example, the tooth necks of individual or
all four maxillary anteriors are to face in vestibular direction with
the incisal edge, these can be moved in the desired direction
with the mouse. If, as shown here in Figure 35, the model
analysis is also displayed, the set-up can be individually adapted
to its specifications.

 36a Representation of occlusal placement: here one can can

 36b At the patient‘s request, the mandibular anterior teeth

check that the anterior and posterior teeth are positioned in
their regions of the model analysis. The anterior teeth in the
mandible are discreetly rotated along their vertical axes. The
center is shifted slightly to the right, which can of course be
adjusted individually with the aid of the chain mode.

were customized a little more. During this process, the
anatomical center could also be corrected back to its original
position. The result was that region 43 to 46 had rotated to
vestibular. Finally, this needed to be rotated axially to lingual
around tooth 44.
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 37 The set-up in the maxilla after correction. The anterior teeth were essentially left in an even arch. Only the
tooth axes of the lateral incisors were inclined along their
vestibular tooth axis (see Fig. 56 and 66). The anterior arch
had to be harmonized evenly in the sagittal step.

The mandibular anterior teeth were customized somewhat more. This was done at the patient‘s request and
was agreed in advance. In the process, the anatomical
center could also be corrected back to its original position. The result was that the region 43 to 46 rotated to
vestibular. This now had to be rotated axially around
tooth 44 to lingual.
To recap: the front teeth can be shifted both in single or
chain mode. The occlusion, which was corrected at this
point in the mandible, is automatically corrected to the
optimum static occlusion in the maxilla ( 36b).
The maxillary set-up of this work after correction: here
the anterior teeth basically remained in an even arch.
Only the tooth axes of the lateral incisors were inclined
along their vestibular tooth axis. In addition, the anterior dental arch had to be harmonized evenly in its sagittal step ( 37).

The milling processes
Defining the main milling direction
In order to mill the set-up bases in wax later on, the
milling directions must be set such that as few undercuts
as possible are blocked out. Determining the main milling direction is comparable to determining the most
favorable insertion direction for setting out the set-up
bases without having to grind away too much. If this is
not taken into account, it will hardly be possible to place

 38a and  38b The milling direction should be set at a
90° angle to the respective alveolar ridge so that the milled
wax bases can later be placed easily on the model yet still
fit well in the mouth. This results in massive undercuts for
the mandible, which are displayed in different colors
depending on their depth. The maxillary model must be
rotated slightly in dorsal direction in order to better capture the undercuts of the anterior vestibular fold.

the milled wax base on the model. Usually, the classic
right-angled alignment to the occlusal plane is not the
ideal milling direction for real patient work. Figure  38a
shows the mandibular model. This still results in massive
undercuts, which are displayed in different colors depending on their depth. The same applies to the maxillary model: here too, the model should be rotated dorsally to better capture the undercuts in the anterior vestibular fold. Figure  38b illustrates this: in the example
given, the mandibular model was rotated to three positions to show how the undercut regions change.
Figure 39c shows the best position for milling the wax
base.

das dental labor LXV 7•2017

55


Creating the denture base
In the next work step, the denture bases are generated
and the outer limits determined respectively. The more
carefully and precisely this is done in advance, the less
reworking of the milled wax bases is necessary. Here too,
it is much easier to quickly determine this boundary line
with single mouse clicks and then shift it point-by-point
exactly to the desired final shape ( 40a and  40b). The
desired base is displayed with the „Display“ command.
Understandably, the Ceramill D-Flow Software does not
yet have our esthetic sensitivity in dental technology and
simply designs the denture base according to its strength
and external limitations. However, this can also be easily done individually later using different tools and brush
types by determining the „gingival margin“ and using
the „Anatomical“ button in the „Modeling the Denture
Bases“ section ( 41a).
This has already been done in Figure  41a. Now the
future denture base already looks quite reasonable. As
previously shown in other work sequences, the details,
models or teeth can also be shown or hidden here. This
has been done here so that the thickness and papillary
shape of the artificial gingiva can be clearly seen after
hiding the teeth ( 41b).

 39a and  39c The setting of the
optimal milling direction is illustrated
in three steps: Figures  39a and
 39b show even more pronounced
undercuts. In Figure 39c, the best
angle for the milling direction seems
to have been found.
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 40a and  40b The denture bases are generated and the outer limits are determined respectively. The more carefully and precisely this is done, the less reworking needs to be performed on the milled wax bases. The easiest
way is to quickly determine the boundary line with individual mouse clicks and then shift it point-by-point exactly
to the desired final shape.

 41a and  41b The denture base, which was initially of simple design, can easily be reworked individually using
different tools and brush types by determining the „gingival margin“ and the „Anatomical“ button in the
„Modeling the Denture Bases“ section.
After remodeling has been completed, the future denture base already looks very acceptable. As previously shown
in other work sequences, details can also be shown and hidden here. This has been done here so that the thickness
and papillary shape of the artificial gingiva can be clearly seen after hiding the teeth.

 42 As some teeth penetrate the model
basally after set-up, they need to be adapted individually. To do this, the tooth sets
are supplied in special CAD/CAM blank frames and inserted into the corresponding
blank holder.
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 43a to 43b The Ceramill Mind now calculates which teeth need to be basally reduced in order not to penetrate
the alveolar ridge. Once this calculation has been performed, the basal surfaces are reduced at the necessary points
in the further course of the working process.

Basal processing of the teeth
Now in most cases it is essential that individual teeth
have to be adapted to their basal surface so that they
do not stand on the ridge or are even too long and penetrate the base. It goes without saying that the teeth
are adjusted beforehand so that they can later be inserted into the wax base without any problems. To do this
and for the Ceramill Match 2 to perform this machining
perfectly, the sets of teeth are supplied as corresponding
„denture tooth blanks“ and inserted into the corresponding blank holder ( 42). The software now calculates
which teeth need to be machined basally so as not to
penetrate the alveolar ridge and to have sufficient distance to the model for later fabrication. Once this calculation has been performed, the basal surfaces can be
reduced at the necessary points ( 43a and  43b) in the
further course of the working process. It can be seen in
advance for each individual tooth in which regions and
how much tooth substance will be removed ( 44).

 44 It can be seen in advance for each individual tooth
in which regions and how much tooth substance will
be removed.

 45a and  45b In our case,
except for the only molar in the
second quadrant, all other teeth
must be shortened basally.
However, the basal surfaces are
only reduced by the exact amount
that was previously calculated and
which is therefore absolutely
necessary. This is almost impossible for a dental technician to achieve so precisely when working
manually with a handpiece.
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 46 Then the set-up bases
and the adjustments of the
basal tooth surfaces are milled in the Ceramill Motion 2
(5X). After the successful milling process, the finished wax
bases are separated from the
blank with the aid of a hot
wax knife.

 47a and  47b The „wax bases“ can hardly be described as tryins any more, as they already look finished and perfect. The basal
surfaces are so smooth and clean that there is hardly a dental
technician who could produce them like this in daily practice. The
wax used here is very solid and can be used for try-in without
additional reinforcement. In the occlusal top view, the „nests“ for
the pre-prepared teeth are milled precisely and cleanly.
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 48a and  48b The base is
also milled in the maxilla. Not
a single tooth had to be
machined at the base of the
mandible, whereas only
tooth 26 in the maxilla was
„spared“. The distance that
should remain between the
teeth and the alveolar ridge is
defined during construction
and can therefore be adapted
individually to the preferred
finishing procedure.

During the work for this patient we had already seen
extreme abrasion in the mandible on the models, but the
set-up region in the maxilla is so small by comparison,
that all the other teeth except for the only molar in the
second quadrant have to be shortened basally. However,
the basal surfaces are only reduced by the exact amount
that was previously calculated and which is therefore
absolutely necessary. This is almost impossible to achieve
so precisely for a dental technician with his milling machine. It should only be exactly so much that a minimal
portion of wax also covers the tooth from basal ( 45a
and  45b).
Milling of the wax bases
The set-up bases and the adjustments to the basal tooth
surfaces are milled one after the other in two separate
working processes. The milled wax bases are milled from
industrially manufactured blanks which, when removed
from the blank holder after the milling process, only
have to be separated from their connectors with a hot

wax knife. The wax used here is a very strong, millable,
yet easy to model wax. It is so stable that it can be used
as a wax try-in after the teeth have been inserted without any further reinforcement (  46). However, if such
a reinforcement is desired, it can be scanned in with the
jaw models and then sponged with the wax base.
Set-up and try-in
When examining the freshly milled wax bases in the
blank, it is noticeable that they are already finished and
look perfect. The basal surfaces are so smooth and clean
that there is hardly a dental technician who could produce them like this in daily practice. In the occlusal top
view, the „tooth pockets“ for the pre-prepared teeth
are milled precisely and cleanly ( 47a and  47b). Not
a single tooth had to be machined at its base in the
mandible, whereas it is striking that only tooth 26 was
„spared“ for the base milled in the maxilla. The distance
that should remain between the teeth and the alveolar
ridge as a wax base was also entered manually in the
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 49a to  49c The set-up
bases separated from the
wax blank are placed on the
models and fit! Now the
teeth, which have been
machined basally to fit, are
inserted into the prepared
alveoli and fixated with wax
in a circular pattern. The
teeth are also extracted from
the D-Set blanks, cleaned and
positioned in the tooth
pockets provided for this
purpose.

Ceramill CAD Software beforehand. Although this space
is wafer-thin, it is sufficient to allow the individual teeth
to be fixated firmly. Furthermore, it protects the visible
part of the tooth and thus improves the subsequent
cosmetic image of the patient ( 48a and  48b).
The set-up bases separated from the wax blank are
placed on the models and fit ( 49a). Now only the teeth
have to be boiled out of their denture tooth blanks and
inserted into the prepared alveoli of the milled wax base
and fixated ( 49b and  49c).
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 50a to 50c The set-up in
the mandible is completed.
All teeth fit precisely into the
provided respective tooth
pockets. The teeth can be
sponged cervically very
quickly with a hot wax knife,
whereby I prefer an electric
wax knife. The individual setup can be seen very clearly in
the different settings and can
also be compared very well
with the previous planning
on the screen ( 36b).

The mandibular set-up is now successively supplemented and completed tooth by tooth in this manner. All
teeth fit precisely into the placeholders assigned to
them. This process can be performed quickly with a hot
probe, although I prefer an electric wax knife here.
The individual set-up can be seen clearly in the different
settings ( 50a to  50c) and also be compared very well
with the previous planning on the screen ( 36b and
 50a).
The process of „inserting teeth“ is repeated in the maxilla – and everything fits despite so little space! I am
convinced that a manual set-up would have taken a
very long time, particularly in the maxilla, as almost every tooth would have had to be individually and painstakingly ground basally. Experience has shown that it is
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 51a and  51b This process
is repeated in the maxilla. So
little space! The balancing act
between a visually appealing
set-up, aligning the tooth axes
and achieving the correct contact relationship with this precision is extremely difficult to
master by means of manual
set-up – particularly when
space conditions are so limited.

thed the connectors, cleaned, disinfected and tried in
everything. The work was virtually finished and had been adapted so well to the gingiva that the patient was
more than surprised because she could not take it home
already. And who could blame her?
The tooth lengths ( 52a to  52c) were correct, the
proportions between the maxilla and the mandible matched and the occlusal plane was at its correct level ( 52c
and  52d). The anterior teeth in the mandible looked
very natural in their individual positions ( 52a). And last
not least, the overall appearance was harmonious and
balanced. Now the reader simply has to believe me that
the phonetics were also fine, because we cannot present
this either in written or illustrated form.

Conclusion

The try-in and its results

Not only have digital full dentures meanwhile become
exciting, they are also absolutely practicable with the
Amann Girrbach FDS process. It absolutely delivers a
functional and esthetic benefit for the patients. Extensive and consistent preparation in the dental practice and
the dental laboratory must be absolutely perfect, from
the anatomical impression to assembly of the model.
This is an absolutely necessary prerequisite, not only for
the analog working route, but also applies to the digital
work process.

The try-in in wax was simply astonishing: not a single
tooth had to be reset manually in this set-up. We had
placed the teeth in the wax bases, fixated them, smoo-

What enthused me most is
 that the meaningful and well thought-out structure
of the wizard sequence and thus of the individual

extremely difficult for the dental technician to manage
the balancing act between a visually appealing set-up,
aligning the tooth axes and achieving the correct contact
relationship ( 50a and  50c), especially when space is
at a premium.
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 52a to  52d The try-in in wax was amazing: we placed the teeth in the wax bases, fixated them, smoothed the
connectors, cleaned, disinfected and tried in everything. The work could be adapted perfectly to the gingiva. None
of the teeth had to be repositioned. The tooth lengths were correct, the proportions between the maxilla and the
mandible matched and the occlusal plane was at its correct level. The entire front tooth set-up is absolutely natural in
its position. And last not least, the appearance is harmonious and balanced








steps, results in a high control function of the individual steps which build on each other
that not a single tooth can be set up before a complete model analysis has been performed
that the individual control steps are available at all
times during the digital development of the set-up
with the aid of „show/hide“ situation models or
esthetic templates, which makes the procedure considerably safer even before the milling process
that the posterior tooth set-up remains in perfect
static occlusion permanently and under all conditions
despite all individual corrections, which ensures optimized toothing and thus the positional stability of
the denture bases to the gingiva
that the work can be checked in an esthetic and
functional sense in the Artex before try-in, which
safeguards the dental technician and the dentist and

ultimately the patient from unpleasant and awkward
surprises and reworking
 that the FDS system, which previously could only be
processed with the Pala Mondial, Premium and Idealis tooth lines (Kulzer), will soon be supplemented by
the tooth brands of the VITA-Zahnfabrik, such as
VITAPAN EXCELL and LINGOFORM, which will make
the overall „FDS“ package even more comprehensive
and patient-friendly for the benefit of the patient
 that the development in the field of digital full dentures will continue and will also be advanced further,
which is certainly clear to all of us
That is why I am confident that after all these consecutive logical steps, each further development will be continued in the same meticulous and patient-friendly manner.
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