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Digital treatment planning and
prosthetic rehabilitation of a
patient suffering from generalized
tooth wear

Introduction: Implant supported fixed reconstructions in patients with mas-
sive tooth wear often require an increase of the vertical dimension of occlu-
sion (VDO) and can be considered complex in terms of material selection and
the treatment procedures. In order to reduce clinical and laboratory efforts as
well as the need of adjustments it is nowadays possible to implement several
hard- and software tools to acquire and process three-dimensional data. Along
with prosthetic backward planning, the final outcome might be improved
with such technologies. However, according to the recent literature, there are
no evidence-based treatment guidelines available for patients with massive
tooth wear, impeding selection of long-term reliable materials and a specific
treatment procedure.

Treatment Methods: A 68-year-old patient presented clinically insufficient
prosthetic reconstructions in a partially edentulous arch in combination with
massive tooth wear, that finally resulted in a deep bite. He aimed for aesthetic-
ally pleasing and functional reconstructions. Due to massive and generalized
loss of dental hard tissues, adequate treatment was only possible by increasing
the VDO, which included provisionalization for 6 months. Before bite regis-
tration, the position of the maxilla was three-dimensionally determined. Fur-
thermore, a scan of the face as well as an intraoral scan were performed. Based
on the acquired data, a prosthetic-backward planning was performed and the
ascertained vertical height was transferred to a noninvasive splint in the upper
jaw as well as to temporary eggshell restorations in the lower jaw. During

6 months of provisionalization, guided implant surgery in the region of former
teeth 23 and 24 was performed. After the provisional phase, maxillary teeth
were prepared and direct temporary restorations were inserted. Subsequently,
impressions were taken using an intraoral scanner and a polyether material.
Finally, monolithic ZrO, crowns and bridges were adhesively luted to the abut-
ment teeth. After the treatment, a Michigan splint was designed and milled
using CAD/CAM (computer aided design/ computer aided manufacturing).
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Results: By increasing the VDO in the provisional phase, it was possible to
achieve an adaptation of the stomatognathic system before incorporating the
final reconstructions. The digital workflow contributed to increasing time effi-

cacy.

Conclusion: The presented treatment describes a predictable and efficient
method to rehabilitate patients with massive tooth wear.

Keywords: therapy planning; digital workflow; 1. backward planning; bite

elevation; CAD/CAM

1. Introduction

Fixed, implant-prosthetic rehabili-
tation of patients with massive tooth
wear require vertical readjustment in
multiple cases and often go along
with a non-invasive provisional test-
ing phase as well as higher planning
and time expense. In order to reduce
the clinical and laboratory expense as
well as the necessity of intraoral fit-
tings to a minimum, a variety of hard-
and software are available for data
acquisition, processing and therapy
planning. Examples of this are the
intra- and extraoral surface scanners,
digital volume tomographies as well
as appropriate software-solutions to
link the generated data and computer
aided designs (Computer-aided de-
sign, CAD) of the dentures. By creat-
ing a three-dimensional face scan, the
laboratory software can show the
physiognomy of the face. This process
enables a prosthetically oriented
“backward planning” before implan-
tation and allows an increased plan-
ning security in regards to functional-
ity and aesthetic. Due to the lack of
evidence-based treatment guidelines,
the correct selection of the material as
well as the planning of treatment pro-
cesses is impeded [1, 17].

2. Case report

2.1 Initial diagnosis

A 68-year old patient presented him-
self in the Department of Prostho-
dontics, Geriatric Dentistry and
Craniomandibular Disorders of the
Charité Center for Dental, Oral and
Maxillary Medicine with an insuffi-
ciently restored dentition, general-
ized tooth wear, a resulting deep bite
in the anterior region and the desire
for aesthetically and functionally

pleasing restorations. The general
medical history did not show patho-
logical findings. After extensive clini-
cal examination several edentulous
spaces and insufficient prosthetic re-
constructions in combination with a
multifactorial (bruxism, attrition,
erosions) loss of vertical dimension
that resulted in a deep bite, could be
reported. The teeth 18, 15, 22, 23, 24,
26, 28, 38, 36, 46 and 48 were miss-
ing. A slight generalized bone loss of
< 5 of the root length in the region
of the upper posterior teeth and of
Y% to % in the upper front could
be determined periodontally (Fig. 1).
The removable partial denture that
replaced the teeth 22, 23, 24 and 26
has been worn in the upper jaw since
2007 and didn‘t show retention due
to the generalized tooth wear. The
gaps in region 36 and 46 were not re-
stored prosthetically. Abrasion facets
were diagnosed on all teeth (Fig. 2a,
2b, 3). Especially the teeth 25 and 47
showed a high degree of attrition due
to extensive tooth wear. A downsized
lower third of the face was shown
from an extraoral perspective. A func-
tional screening on painful CMD was
performed based on the groundwork
of CMD summary report after Jakstat
and Ahlers [2]. The probability for
the development of a CMD was cat-
egorized as unlikely in this context.
The derived diagnoses from the men-
tioned findings are listed in Table 1.
The categorization of tooth wear was
based on the modified tooth wear
index after Donachie and Walls [9].
Because adequate prosthetic rehabili-
tation only seemed reasonable in
combination with a bite elevation, a
provisional phase of 6 months was
implemented to test out the aspired
bite elevation.
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2.2 Integration of bite
registration and maxillo-
mandibular relationship
in digital workflow

The necessary bite elevation was de-
termined with regard to the planned
prosthetics in the lab and the speak-
ing distance was clinically checked.
Prior to the bite registration the pa-
tient was asked to wear a hydrostatic
relaxation splint for 30 minutes
(Aqualizer, Dentatrade International,
Cologne, Germany) (Fig. 4). This sup-
posedly reduced the risk of occupying
a potentially neuromuscular forced
bite. After removing the relaxation
splint, a laboratory-fabricated regis-
tration aid composed of light-curing
plastic sheets (C-Plast, Candulor,
Rielasingen-Worblingen, Germany)
was used to register the prospectively
aspired occlusion position (Fig. 5).
First, a relining of the base with Bis-
GMA (Luxatemp, DMG chemical
pharmaceutical plant, Hamburg, Ger-
many) occured in the lower jaw. The
impressions of the teeth were short-
ened in the plastic state of the relining
material down to the impressions of
the cusp tip and incisal edges. After
fixing the lower jaw, the step-by-step
relining of the upper jaw took place:
First, the incisal edges of the middle
upper incisors were relined and the
impressions were shortened to a mini-
mum. This registration was tested
multiple times on reproducibility of
the bite in the following. Afterwards,
the posterior upper teeth were relined
and the definitive bite was fixed.

The PlaneSystem (Zirkonzahn
GmbH, Pustertal, Italy) was used to
gather the position of the upper jaw
in relation to the so-called natural
head position (NHP). It consists of
the PlaneFinder, the virtual and real
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Figure 1 Panoramic tomographic image of the initial situation. Radiologically, an apical

radiolucency is visible on tooth 47.

articulator PS1, the PlanePositioner
as well as the PlaneSystem software.
This allows the acquisition of indi-
vidual patient differences of the natu-
ral head position as well as the angle
of inclination of the occlusal level of

the registered position (Fig. 6). The
models can be positioned above the
PlanePositioner in the articulator PS1
using the determined angle, which
simulates the individual patient’s ro-
tation-, sliding- and closing move-

ments of the jaw. In order to enable
the allocation of the acquired data
and coordination in three-dimen-
sional space, the position of the
articulated models was gathered in a
PS1 articulator using the stripe-light
scanner S600 ARTI and was inte-
grated using the PlaneSystem soft-
ware (Zirkonzahn.Modellier, Zirkon-
zahn GmbH, Pustertal, Italy) and
transferred into a virtual integrated
articulator in the software. Collecting
the physiognomy of the face took
place using an extraoral scanner (Face
Hunter, Zirkonzahn), which enabled
the axis-related positioning of the
face in a virtual articulator by gather-
ing a 3D face scan (Fig. 7).

2.3 Creation of a digital
wax-up and intraoral fitting
in form of a mock-up
After acquiring the three-dimensional
relation of both jaws and an axis-
related positioning of the face scan, a
set-up of both jaws was created in a

Figure 2a and 2b The intraoral findings resulted in partially edentulous adult arches with insufficient prosthetic and preservative
restorations. The massive tooth wear can especially be seen on the occlusal surfaces of the molars, as well as the palatal surfaces of
the upper incisors and the incisal edges of the lower incisors.

Figure 3 Due to tooth wear, a significant reduction of vertical
dimension occurred, which clinically resulted in the form of a
deep bite.

Figure 4 Prior to the bite registration the patient was asked to
wear a hydrostatic relaxation splint for 30 minutes in order to
reduce the risk of occupying a potentially neuromuscular forced
bite.
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computer-aided design (CAD) (Zir-
konzahn.Modellier, Zirkonzahn) and
printed (Form 2, Formlabs, Somer-
ville, USA) (Fig. 8). The printed mod-
els enabled the creation of a transfer
key made out of transparent silicone
(Hardglass, Ichem, Palosco, Italy),
and evaluated the created set-up in
form of a mock up regarding pho-
netics and aesthetics (Fig. 9). After
testing the mock up, the definitive
prosthetic restoration was planned as
follows:
e monolithic ZrO, crowns in region
17, 16, 15, 13, 12, 11
e monolithic ZrO, bridges in region
24-26, 34-37, 44-47
e screwed, implant-supported mono-
lithic ZrO, extension in region
22-24

2.4 Testing of the aspired
occlusion position and
bite elevation

As things developed, the digital set-
up served as a template to produce a
polycarbonate splint (Multistratum,
Zirkonzahn) according to Edelhoff et
al. [10] in the upper jaw as well as a
template for temporary eggshell res-
torations made out of polymethyl-
methacrylate (Premiotemp Multi
PMMA, primotec, Bad Homburg, Ger-
many) in the lower jaw (Fig. 10a,
10b). After selective preparation of
the teeth 37, 35, 34, 44, 45 and 47,
the insertion of temporary eggshell
restorations, as well as the dental
colored polycarbonate splints, the
new bite elevation was tested for
6 months prior to definitive restora-
tion. During this, the bite in the an-
terior region was elevated by a total
of 5 mm.

2.5 Preservative pretreatment
During the temporary phase of the
bite elevation the lower incisors were
reshaped based on the digital wax-up
using Ceram X Duo (Dentsply Sirona,
York, USA) (Fig. 11). The teeth 25 and
47 were treated with root canal pro-
cedures for prosthetic reasons and
fiberglass pins during the course of
treatment.

2.6 Digital implantation design
Before implantation, a three-dimen-
sional planning of the aspired im-
plant position was completed and for

modified tooth wear index (TWI)
category 1

modified tooth wear index (TWI)
category 2

modified tooth wear index (TWI)
category 3

insufficient fillings

insufficient prosthetic treatment
periodontal screening index (PSI)
apical periodontitis

deep bite

17

16, 11, 21, 34-43

14-12, 25, 27, 37, 35, 44,
45, 47

16, 27, 37, 34, 44, 45

22,23, 24, 26

1,1,1,1,1, 1

47

11, 21, 31, 32, 41, 42

Table 1 Listing of the diagnoses derived from the above findings.

Figure 5 The fixation of the bite occurred through relining of a laboratory registration aid.

this a DVT was necessary (Veraview-
epocs 3D, J. Morita, Tokyo, Japan). In
terms of a prosthetic oriented back-
ward planning the DICOM data set
of the DVT was overlapped with the
STL data set of the upper jaw diag-
nostic model with the help of a plan-
ning software (SMOP, Swissmeda,
Baar, Switzerland). Afterwards, the
STL data set of the antagonistic jaw
and the created set-up were read in.
Because these data sets were exported
in the same coordinate systems, no
new alignment was necessary. In the
end the optimal implant positions in
region 23 and 24 were determined
(Fig. 12ac). Based on the SMOP-plan-
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ning, a dentally-supported implan-
tation splint was printed and guiding
sleeves were attached. These were
tested on the patient to ensure a
wobble-free fit before implantation.

2.7 Implantation

The implantation was performed
with local anesthesia and mid-crestal
incision from region 21 to region 25
as well as the preparation of a muco-
periosteal flap. There was no vertical
relieving incision. After inserting
2 implants (Camlog Screw Line,
Camlog, Wimsheim, Germany) with
a diameter of 3,8 mm and 11 mm in
length, a saliva-proof wound closure
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Figure 6 Acquisition of the position of
the upper jaw in relation to the Natural
Head Position (NHP) occurred with the
PlaneSystem.

s &

Figure 7 An extraoral scan was perform-
ed in order to determine the face physi-
ognomy.

Figure 9 After production of a transfer key, the digitally created set-up was transferred
intraorally as a mock up.

with a horizontal mattress suture as
well as lateral sutures were performed
(Fig. 13). After a healing period of
3 months the implants were exposed
surgically. For this, another mid-crest
incision was chosen and a mucoperi-
osteal flap was prepared. The cover
screws were replaced by 2 gingiva
formers (height 4 mm) and the mu-
cosa was adapted to the gingiva for-
mers using single button sutures.

2.8 Preparation, direct tempo-
rary restorations of the
upper jaw and impressions

The preparation occurred selectively

based on the overlapping data of

wax-up and initial model. With digi-
tal measurement it was possible to
determine the difference between
wax-up and diagnostic casts. Many
teeth already showed a difference of

0,8 mm due to loss of hard tooth

structure compared to the wax-up,

causing that the minimum layer

thickness of zirconium dioxide could
be kept without any or only minimal
preparation (Fig. 14, 15a, 15b). It
should be noted that a preparation
reserve for the restorations should be
taken into account at all times. The
impressions of the preparation were
done digitally and conventionally
using individual, open impression
trays and a polyether (3M Impregum
Penta, 3M-Germany, Neuss, Ger-
many). In conventional impressions,
the double cord technique was used.
In order to analyze the deviations be-
tween digital data of the intraoral
scan and the conventional model,
the conventional model was addi-
tionally scanned (Scanner S600 ARTI,
Zirkonzahn) and overlapped with the
digital set of data in the CAD/CAM
software Zirkonzahn.Modellier. After
preparation and taking impressions
direct temporary restorations were
manufactured (Fig. 16). The bite reg-
istration was performed in 2 steps to

Figure 8 After determining the three-
dimensional relation of both jaws as well
as the axis-related positioning of the face
scan, a set-up of both jaws were digitally
designed and printed.

maintain the vertical alignment. For
this, the provisions of the 1. and
4. quadrant were removed and the
bite was scanned in centric occlusion
contralaterally, or rather, fixed with
silicone (Futar D, Kettenbach,
Eschenburg, Germany). The same
procedure occurred in the 2. and
3. quadrant.

2.9 Bite registration control
Based on the bite registration, a pre-
cise registration was manufactured in
the laboratory, which was used in a
follow-up appointment for bite check
occlusion control analogue to the bite
registration in section 2.2. In order to
correct the imprecisions while taking
impression of the implant positions,
the impression posts were interlocked
with Pattern Resin LS (GC, Tokyo,
Japan) after model creation. The inter-
locking was separated with a thin saw
cut, which was sealed intraorally with
Pattern Resin LS after screwing the im-
pression posts.

2.10 Completing and produc-
tion of a Michigan splint
The CAD/CAM manufactured crowns
and bridges were milled from mono-
lithic zirconium dioxide (Katana
Zirconia STML, Kuraray, Chiyoda,
Japan) and sintered in the lab. Before
integration, the restorations were
sandblasted with aluminium oxide
powder (1 bar, 50 pm grain size) and
the teeth were cleaned with rotating
brushes and polishing paste [12]. The
implant bridge in region 22-24 was
screwed intraorally with 20 Ncm and
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the screw canal was sealed with
teflon tape and a low viscosity com-
posite. The crown and bridge con-
structions were bonded adhesively
with Panavia F2.0 (Kuraray, Chiyoda,
Japan) (Fig. 17a—e). In order to obtain
a permanently stable prosthetic result
as well as the modified functional
model, the upper and lower arch
were scanned (Trios, 3Shape, Kopen-
hagen, Denmark) again after inte-
gration and a Michigan splint for
nightly use was designed digitally
and then milled (Fig. 18a, 18b).

3. Discussion

In general, 3 reasons can be listed
for a non-caries loss in tooth sub-
stance. These include erosions due to
extrinsic (e.g. with increased con-
sumption of acidic drinks or foods)
and intrinsic processes (e.g. bulimia or
reflux). Another cause of pathological
loss of teeth substance is abrasions
and attritions. Contrary to abrasions,
where tooth wear occurs based on
external factors, attritions where loss
occurs by parafunctions in the stoma-
tognathic system and tooth wear pat-
terns result on teeth due to increased
antagonistic tooth-to-tooth contact
[8]. In that, bruxism is a frequent
cause of attrition. Bruxism is defined
as the parafunctional abrasion of an-
tagonistic teeth in the form of an
“oral habit” by unwilling rhythmic or
spastic non-functional abrasion or
pressing, whereas these movements
are not in connection with the com-
minution of food [11]. The loss of ver-
tical dimension can therefore lead to a
compensatory growth of the alveolar
process or to an increased interocclu-
sal distance, which can then have a

Figure 10a and 10b The bite elevation occurred in the temporary phase using a non-
invasive splint in the upper arch and temporary eggshell restorations in the lower jaw.

Figure 11 During the temporary phase of bite elevation the tooth wear in the lower
arch incisor region was built up directly using composite and made possible by the

vertical space gained.

massive impact on the masticatory
function, aesthetics and the occlusal
levels [16]. According to the S3-guide-
lines on bruxism, definitive occlusal
measures can be considered for func-
tional-aesthetic or prosthetic reasons
so that the consequences of such
tooth wear can be compensated. The
use of implants in patients with brux-
ism for prosthetic rehabilitation is

b)

controversially discussed in literature.
Even though latest meta analyses [6,
7, 13, 20] showed an increased risk of
implant loss, bruxism is not seen as a
contraindication for implantation to
date. The increased vertical burden of
implants in this case is seen as cause
for peri-implant bone loss and im-
plant fractures, which is why bruxism
is nonetheless a contraindication for

)

Figure 12a-c The planning of the ideal implant positions occured by prosthetically oriented backward planning. With the software
SMOP the scanned diagnostic model, the wax-up, as well as the DVT were overlapped to determine an ideal implant position. Based
on the plan, the implantation splint, portrayed yellow in the software, was printed and guides were stuck in.
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Figure 13 The postoperative radiological control of the implant
position occurred with a panoramic tomographic image.

Figure 14 An additional control on the necessary reduction of
tooth structure during preparation was done by the digital

measurement of the wax-up and diagnostic casts in the DVT and
the determination of the difference.

b)

Figure 15a and 15b A chamfer preparation with a minimum reduction of 0.8 mm
took place for the restorations with monolithic zirconium dioxide crowns and bridges.

Figure 16 The direct temporaries were created based on the digitally created wax-ups
and transferred intraorally with a laboratory-fabricated molded part.

implants for many dentists [14]. A
correlation between an increased im-
plant loss and bruxism could not be
found in other systematic reviews to
date [5, 14, 15].

A digital planning of the implant
positions was made for the implan-
tation mentioned above in region 23
and 24. The base of digital implant

planning was formed with the possi-
bility of overlap of three-dimensional
data from radiological imaging exam-
ination (DICOM data), the surface
data of diagnostic casts and the data
of the digital set-ups (STL format)
[18]. Within the implantation plan-
ning the overlap of the individual
data sets occurred using the software

SMOP (Swissmeda, Baar, Switzerland).
The digital set-up created a first orien-
tation of optimal anatomic and aes-
thetic positioning of implants. After-
wards, the definitive determination of
the implants’ positions were trans-
ferred in vivo using implantation
splints. Regarding the precision of the
navigated implantations, Vermeulen
[19] could determine statistical sig-
nificant differences compared to
precision of free-hand implantations.
The material selection of the
planned prosthetics presents the
treating dentist with a challenge. In
literature, the question on the lasting
probability of e.g. all-ceramic restora-
tions in patients with bruxism could
not be cleared up conclusively, be-
cause patients with bruxism are ex-
cluded in a multitude of studies. The
question if monolithic zirconium
oxide is an appropriate alternative in
patients with bruxism cannot be
answered at this point in time. Ac-
cording to the patient in the case re-
port, the direct provisions made out
of Bis-GMA already led to a signifi-
cant reduction of the muscular activ-
ity due to a new adjustment of the
bite elevation. This only resulted in
2 fractured provisions during the pro-
visional phase of the bite elevation. A
significant reduction of muscular ac-
tivity by elevating the vertical dimen-
sion was also found electromyo-
graphically by Carlsson et al. [4].
Other than the careful selection
of the materials, the treatment pro-
cess should also be planned system-
atically. However, even though ex-
tensive prosthetic cases in com-
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Figure 17a-e The attachment of the
CAD/CAM-produced monolithic zirco-
nium dioxide crowns and bridges took
place adhesively. The screw canals of the
bridge on implants in the region of
22-24 were sealed with teflon tape and
a composite with low viscosity.

bination with a bite elevation are
subject of a complex treatment plan,
there are no existing evidence-based
guidelines which are helpful in
choosing the right treatment ap-
proach. In the S3-guidelines “diag-
nosis and treatment of bruxism”, rec-
ommendations in “management of
bruxism through definitive dental
treatments” are expressed [17].
Abduo [1] was able to formulate some
treatment recommendations and
specifies in this context, that for
adaptation to the new vertical di-
mension before integration of the de-
finitive prosthetic restorations, a pro-
visional phase of at least 1 month
should be adhered to. The bite ele-
vation was supposed to occur on all
remaining teeth in the upper and
lower jaw. Fixed temporary dental
restorations led to a more rapid adap-
tation and was experienced as a more
pleasant wearing comfort in compari-
son to removable splints.

Upon completion of the outlined
therapy, a digital Michigan splint was
designed and then milled. The field
of indication of a Michigan splint is
not only to protect teeth from further
attrition, but also in the modification
of a functional model of the mastica-
tory system as well as stabilization of
the mandibular joints. In preparation
of the Michigan splint the concept of
“freedom in centric” was used, where
a freedom of mandibular joint move-
ment of 0.5-1.0 mm was aspired be-
fore the posterior teeth discluded [3].

4. Conclusion

The lack of evidence-based guidelines
makes the choosing of the appropriate
restoration materials and the therapy
approach rather difficult, which

shows the necessity for further studies
in connection to bruxism and materi-
al behavior in crowns, bridges and im-
plant materials. A significant simplifi-
cation of the complex treatment de-

mand can be achieved by using digital
technologies. A three-dimensional ac-
quisition of intra- and extraoral sur-
faces enables a precise, functional and
aesthetic wax-up in the present treat-
ment, which was maintained in the
sense of a “backward planning” until
integration of the final restorations
and therefore made repeated fittings
obsolete. Because prosthetic planning
as well as treatment process in pa-
tients with generalized tooth wear and
a resulting loss in vertical dimension
is based only on expert opinion to
date, an extensive after-care program
should be ensured that sustainably
guarantees the adaptation of the
stomatognathic system to the new
bite elevation.
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