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Preface

More than 25 years after our first description of 
all-ceramic resin-bonded fixed dental prostheses 
(RBFDPs), a former experimental method has 
turned into a very reliable treatment modality.

Excellent clinical data confirms their longevity. 
These RBFDPs were fabricated in 1990 from alumi-
na ceramic for anterior single tooth replacement2 
using a two-retainer design. About 5 years later the 
single-retainer design for all-ceramic RBFDPs was 
introduced3 and yielded even better success.

With caries-free abutment teeth and adequate 
indication, anterior tooth replacement with single- 
retainer metal- and all-ceramic RBFDPs provides a 
minimally invasive alternative to single implants or 
other conventional treatment methods. Why, how-
ever, do we only now have a book about this actu-
ally rather old dental treatment method? 

In February 2016, it was decided by the respon-
sible German federal agency that in Germany as of 
July 2016, single-retainer metal-ceramic RBFDPs 
might be used to replace missing incisors. This use 
is independent of the patient’s age within the Ger-
man social health insurance system1. Single-retain-
er all-ceramic RBFDPs can be applied as an equiva-
lent treatment option, rendering the patient a cost 
subsidy to be paid by his or her insurance. 

Thus, in Germany a great obstacle to the spread 
of this minimally invasive treatment option has 
been removed. Despite its simplicity and its multi-
ple advantages, this treatment modality was never 
established widely in general dental practice. This 
book aims to promote this extremely reliable mini-
mally invasive treatment option in order to estab-
lish the method in general dental practice. It at-
tempts to remove the remaining skepticism in the 
dental community. 

This book presents concisely and exactly what 
should be followed to be successful with single-re-
tainer cantilever RBFDPs when replacing incisors. 
Although this method is technique sensitive, it is 
actually simple and extremely reliable when ade-
quate clinical and laboratory protocols are followed. 
Indeed, minor (avoidable!) errors in the protocol are 
likely to result in a clinically failing RBFDP. As our 
surveys over the past years have revealed, in the 
dental community there is still great uncertainty 
over the use of adhesive technologies, in particular 
when it comes to the bonding of zirconia ceramic 
restorations4. Unfortunately, quite often unfavor-
able or even wrong methods are preferred. With 
such methods, bonded all-ceramic RBFDPs will not 
be able to function in the longer term.

This book shows how it works, and also depicts 
what must be avoided, when single-retainer met-
al- and all-ceramic RBFDPs are to be used success-
fully. The main focus is on the use of zirconia ce-
ramics as a framework material that combines best 
stability and esthetics. This book is explicitly not a 
textbook that considers dental materials, or alter-
native bonding procedures, or treatment methods 
comprehensively. Instead, it shows in detail how 
single-retainer cantilever RBFDPs can be applied 
clinically successfully. It also shows in which 
(rare) cases a single-retainer design should not be 
used and how instead a splinting of two retainers 
or two-retainer fixed-to-fixed RBFDPs might be 
successfully used.

Any dentist who is willing to follow the cook-
book-like instructions will be successful with this 
method. Deviations from the described methods do 
not have to result in failure, but can easily do so. A 
perspective is given on the successful replacement 
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of canines and premolars with single-retainer 
RBFDPs, although here long-term data are missing.    

I wish all readers around the dental world and 
their future patients a lot of joy with the application 
of this reliable treatment method. I also appreciate 
any feedback regarding clinical problems or sug-
gestions for a possible revised edition.

Matthias Kern
Kiel, Germany, 28 September, 2017 
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Chapter 1 Why RBFDPs evolved to a single-retainer design

Buonocuore’s20 development of the acid-etch tech-
nique for enamel 60 years ago provided the basis to 
achieve high and durable enamel bonding using 
dental resins (Fig 1-1). In the 1970s, artificial teeth 
were initially bonded with composite resin to adja-
cent abutment teeth for anterior tooth replace-
ment37 using the acid-etch technique. However, the 
longevity of these purely resin-based restorations 
was rather limited.

Today, extracted natural or artificial teeth can 
still be adhesively bonded in the same way to 
serve as long-term provisional restorations, e.g. 
when inflamed tissues in the alveolar ridge need 
time to heal prior to the fabrication of the final 

prostheses. It requires no great effort to shorten 
an extracted tooth by cutting off its root and to 
bond it back adhesively. However, after removing 
the root the remaining crown should be sealed on 
its cervical end using a dentin adhesive, and by 
using a tooth-colored composite resin, an ovate 
pontic basis is formed. The ovate pontic should 
reach 2 to 3 mm into the extraction socket and 
support the marginal gingiva circumferentially 
(immediate pontic technique, compare with 
Fig 5-11). In this way, the blood coagulum in the 
extraction socket is also protected. In the present-
ed case (Figs 1-2 to 1-9), the resin bonding of the 
extracted and shortened tooth was reinforced using 

Fig 1-1 Enamel etching pattern after etching with phos-
phoric acid (scanning electron microscopic photo at 
1000× original magnification).

Fig 1-2 Labial view of the hopeless tooth 32 (situation after 
repeated unsuccessful apicoectomies done elsewhere).

Fig 1-3 Fabrication of an incisal-positioning splint prior to 
extraction of tooth 32.



3 ■

 Why RBFDPs evolved to a single-retainer design Chapter 1

Fig 1-4 Situation after extraction of tooth 32. Care was tak-
en to ensure complete filling of the extraction socket with 
blood. 

Fig 1-5 Basal view of the 
removed tooth revealing an 
untreated lingual root canal, 
and a crack in the labial 
canal wall. 

Fig 1-6 Reshaping the root 
portion with adhesive tech-
niques and composite resin 
into an ovate pontic shape. 

Fig 1-7 Occlusal view of tooth 32 that was adhesively fixed 
with composite resin reinforced with a lingual fiber net un-
der rubber dam isolation. 

Fig 1-8 Labial view of tooth 32 after complete healing.

Fig 1-9 Status 14 years after reinsertion of the extracted 
reshaped tooth [Source: CDT Matthias Hasselberg, Eckern-
förde, Germany].

a polyethylene fiber net (Ribbond). Figure 1-9 
presents the restoration after 14 years of clinical 
service. This case is an example of the excellent 
durability of bonding to enamel. Mostly, such 
long-term provisional restorations will fail after 
several years of clinical service due to a fracture of 
the elastic fiber-reinforced resin bonding. How
ever, at this stage the hard and soft tissues have 
healed, so that either a final resin-bonded fixed 
dental prosthesis or a single tooth implant can be 
used for the final prosthetic restoration.

These composite resin fixed teeth did not pro-
vide good long-term results on a regular basis. To 
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Fig 1-10 Etching pattern of a cobalt-chromium alloy after 
electrolytic etching (scanning electron microscopic photo at 
200× original magnification).

Fig 1-11 Two-retainer metal-ceramic RBFDP replacing 
tooth 12.

Fig 1-12 Metal-ceramic RBFDP from the lingual view. Fig 1-13 Status 10 years after insertion from the lingual 
view…

Fig 1-14 …and from the labial view. The slightly grayish 
shine-through of the metal retainer wing is clearly recogniz-
able, especially in comparison to the non-restored left side.

improve longevity, Rochette80 suggested using 
metal-based resin-bonded fixed dental prostheses 
(RBFDPs) with two retainer wings for anterior 
tooth replacement. Macromechanical retention for 
the metal retainer wings was provided by means 
of tapered pinholes into which the luting cement 
would flow, acting as a resin rivet to secure the 
RBFDP to acid-etched enamel. Howe and Dene-
hy35 and, in particular, Livaditis and Thompson65, 
from the University of Maryland, Baltimore, USA, 
advanced the use of metal-based RBFDPs, result-
ing in the well-known name Maryland Bridge. A 
significant advancement indicated the use of the 
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Fig 1-15 Unilaterally debonded two-retainer metal-ceramic 
RBFDP, replacing tooth 21.

Fig 1-16 Clearly visible caries at the debonded abutment 
tooth 11 after removal of the RBFDP.

Fig 1-17 Metal-ceramic RBFDP replacing teeth 31 and 41 
with four splinted metal retainer wings. Retainer wings on 
teeth 32 and 42 are debonded.

electrolytic etching technique for non-precious 
metal alloys (Fig 1-10), which provided microme-
chanical retention of the retainer wings for com-
posite resin luting agents, making macromechani-
cal retention holes unnecessary. The introduction 
of mechano-chemical bonding systems, especially 
silica coating with subsequent silane application, 
and the development of modified luting resins 
containing adhesive phosphate monomers in the 
mid-1980s, resulted in significant improvements 
to resin-metal bonding. These advances signifi-
cantly improved the long-term prognosis of met-
al-ceramic RBFDPs (Figs 1-11 to 1-14). 

Fig 1-18 After removal of the RBFDP without retentive 
tooth preparation, massive caries is recognizable under the 
debonded retainer wings. Splinting of multiple retainers 
should be avoided. Principle: Less is more! 

One of the most frequent and dreaded complica-
tions with two-retainer RBFDPs with a metal frame-
work was the unilateral debonding of one retainer 
wing, which was often not noticed by the patient, 
or even ignored.

Such unilateral debondings in multiple-retain-
er RBFDPs almost inevitably resulted in caries 
(Figs 1-15 to 1-18). Among the causes for these 
unilateral debondings of metal-based RBFDPs 
were errors regarding indication, clinical proced-
ures, and bonding methods. However, unilateral 
debondings also occurred when everything had 
been done correctly. In part, this can be explained 
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Fig 1-19 Two-retainer metal-ceramic RBFDP replacing 
tooth 13.

Fig 1-20 During laterotrusion and protrusion, differential 
tooth movements (excursions) occur.

Fig 1-21 Unilaterally debonded retainer on abutment tooth 
12 prior to removal of the RBFDP.

Fig 1-22 Clearly visible caries in the area of the lingual tu-
bercle of tooth 12. 

by the fact that metal retainer wings with their 
relatively high flexibility in thin cross-section can 
bend during loading. This bending results in high 
peeling forces in the marginal area of the retainer 
wings, causing a progressing debonding that starts 
at the retainer margins. When the pontic or the 
abutment teeth are functionally loaded, minimal 
and differential tooth movements will always oc-
cur. For example, when replacing a missing maxil-
lary lateral incisor or canine with a classic two-re-
tainer RBFDP, the incisors will be deflected 
anteriorly during protrusion, while during lateral 

excursion the canine will be deflected laterally. 
Without retentive abutment tooth preparation, 
unilateral debonding of one retainer wing could be 
predicted with some certainty (Figs 1-19 to 1-27).

Since the mid-1990s it has been recommended 
to routinely attach RBFDPs unilaterally. The sin-
gle-retainer wing reduces peeling and shear forc-
es resulting from the differential loading forces, 
preventing the dreaded complications caused by 
unilateral debondings experienced with two-re-
tainer RBFDPs16,36. In the meantime, the concept 
of metal-based single-retainer RBFDPs with 
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Fig 1-23 Two-retainer metal-ceramic RBFDP replacing 
tooth 12 with unilaterally debonded retainer wing on tooth 
13 from the lingual view...

Fig 1-24 ...and from the incisal view: Without applying any 
force the probe penetrates into the gap between the 
debonded retainer wing and its abutment tooth. 

Fig 1-25 The debonded retainer wing is cut off using a car-
bide burr… 

Fig 1-26 ...and removed.

Fig 1-27 Lingual remnants of composite resin were pol-
ished. The prognosis of the now single-retainer cantilever 
RBFDP is better than the former two-retainer version.

superior longevity compared with multiple-
retainer RBFDPs was confirmed by various clinical 
studies14,15,27,59,83,102. Therefore, in the case of a uni-
lateral debonding of a two-retainer RBFDP, one 
should not try to debond (disconnect) the still at-
tached retainer; instead the debonded retainer wing 
should be cut off. Then, the previous bonding area 
in enamel can be polished or coated (sealed) with 
composite resin (Figs 1-23 to 1-27). In this way, 
risky previous two-retainer RBFDPs can be trans-
formed into the prognostic, safer, single-retainer 
RBFDP version. Even when the abutment tooth 
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Fig 1-28 Two-retainer metal-ceramic RBFDP replacing 
tooth 12 with unilaterally debonded retainer wing on tooth 
11 from the lingual view... 

Fig 1-29 ...and from the labial view. Abutment tooth 11 has 
moved (migrated) toward the labial, and the metal RBFDP 
framework is clearly visible in the proximal area distal of 
tooth 11. 

Fig 1-30 After removal of the debonded retainer wing the 
resulting caries is clearly recognizable.

Fig 1-31 Status after caries removal and adhesive sealing 
of the lingual bonding surface. Due to the migration of 
tooth 11, the proximal contact has been lost. 

under the debonded retainer wing has already mi-
grated minimally, a two-retainer RBFDP can nor-
mally be saved through transformation into a sin-
gle-retainer RBFDP. Such abutment tooth 
migration might occur when a debonding of a re-
tainer is ignored for a longer time or when an un-
suitable attempt is made to rebond a debonded 
retainer wing without previous removal of the 
unilaterally debonded RBFDP (Figs 1-28 to 1-35). 

After cutting off the debonded retainer wing, the 
migrated abutment tooth could be easily moved 
into its initial position using orthodontic splints.

At the beginning of the 1990s, the author first de-
scribed the successful use of all-ceramic RBFDPs 
without a metal framework41. By that time, these 
all-ceramic RBFDPs were fabricated from the first 
dental ceramic that provided a flexural strength con-
siderably above 400 MPa (glass-infiltrated alumina 
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Fig 1-32 Labial view of the now single-retainer RBFDP, with 
missing proximal contact.

Fig 1-33 Caused by the migration of tooth 11, it stands out 
of the dental arch (misaligned) and is not occluding. 

Fig 1-34 Using thermoformed orthodontic splints, tooth 11 
was aligned orthodontically...

Fig 1-35 ...and so the proximal contact was also re-estab-
lished. Again, also in this case, the prognosis of the now 
single-retainer cantilever RBFDP is better than that of the 
former two-retainer version. 

ceramic; In-Ceram alumina). The two-retainer design 
of the first all-ceramic followed the design of met-
al-ceramic RBFDPs, but omitted the retention 
grooves necessary for metal retainers (Figs 1-36 to 
1-41). Due to the rigidity of all-ceramic materials, re-
tention or stiffening grooves were considered unnec-
essary. The subsequent excellent clinical results re-
garding the bonding capacity of all-ceramic retainer 
wings confirm this assumption, as failures were al-

ways caused by ceramic fractures (Figs 1-42 to 1-44), 
but never by debonding of the retainer wings55.

However, quite commonly two-retainer 
RBFDPs fabricated from alumina ceramic showed 
unilateral framework fractures at the connector 
between the retainer wing and the pontic55. Sur-
prisingly, the majority of unilaterally fractured 
two-retainer RBFDPs remained successfully in situ 
over a longer time than single-retainer RBFDPs. 
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Fig 1-38 Abutment teeth isolated with rubber dam. Fig 1-39 Adhesive luting of both all-ceramic RBFDPs, using 
a phosphate monomer containing composite resin (Panavia 
TC).

Fig 1-40 The two inserted all-ceramic RBFDPs replacing the 
maxillary lateral incisors from the occlusal view...

Fig 1-41 ...and from the labial view.

Fig 1-36 A 16-year-old male patient with congenitally miss-
ing maxillary lateral incisors.

Fig 1-37 Two-retainer all-ceramic RBFDPs fabricated from 
veneered alumina ceramic (In-Ceram).
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Fig 1-42 Fracture of the incisal edge of abutment tooth 11 due to a traumatic incident...

Fig 1-43 ...with a simultaneous framework fracture of the 
smaller distal connector to the pontic at tooth 13. Obviously, 
the resin bond was stronger than the fracture strength of 
the ceramic material.

Fig 1-44 The unilaterally fractured RBFDP functioned clini-
cally for many years. Several similar cases encouraged the 
author to generally omit the second retainer wing since 
1996. 

Therefore, it might be considered a result obtained 
accidentally that single-retainer all-ceramic RBFDPs 
were created through unilateral fractures caused by 
interabutment fatigue stresses and that they pro-
vided excellent clinical longevity. These unilateral 
framework fractures can be explained by the same 
loading conditions that cause the frequent unilater-
al debondings of two-retainer metal-ceramic 
RBFDPs due to occurring peel and shear forces.

While in metal retainer wings minimal twisting 
and bending is unavoidable, ceramic retainer wings 
are more torsion-resistant. So peeling forces that 

might have caused debonding of the ceramic retain-
er wings obviously did not occur. Therefore, with 
the medium strength and stiffness of glass-infiltra
ted alumina ceramic (from a current point of view), 
overloading never caused debonding of two-retain-
er RBFDPs, but only unilateral framework fractures 
in the area of the smaller proximal connector.

Since for years unilaterally fractured all-ceramic 
RBFDPs fulfilled their clinical function as cantilever 
restorations49, sense and a need for the second 
retainer wing have been rightly questioned – as we 
know today47,48. Hence, since 1996, single-retainer 
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Fig 1-45 A 15-year-old female patient with unilaterally congenitally missing maxillary right lateral incisor. 

cantilever RBFDPs have been almost exclusively 
provided by the author when replacing anterior 
teeth (Figs 1-45 to 1-58). Advantages of the sin-
gle-retainer design are a hard tissue-preserving 
tooth preparation, a more rational fabrication tech-
nique, and the immediate realization of retention 
loss12. In addition, the single-retainer design simpli-
fies oral hygiene, as dental floss can be introduced 
at the open proximal contact area. Also, in cases of 
edentulous spaces that are too wide for anatomical-
ly well-proportioned pontics, it is possible to create 
a diastema, if esthetically desired. Only occasion

ally, and in special situations, are two-retainer 
RBFDPs considered still appropriate. The splinting 
of the adjacent retainers of two cantilever RBFDPs 
quite often makes sense. The indications for these 
centrically splinted cantilever RBFDPs and the spe-
cial indications for two-retainer RBFDPs with a 
conventional fixed-fixed retainer design are de-
scribed in Chapter 11.

Densely sintered zirconia ceramics with about 
twice as high a flexural strength and nearly as 
high an elastic modulus as alumina ceramics have 
been available in dentistry since the early 2000s 
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Fig 1-46 An extraoral view of the patient. Fig 1-47 Missing tooth 12 from the labial view...

Fig 1-48 …and from the occlusal view. Fig 1-49 Cast view of the abutment tooth preparation of 
tooth 11, containing a minimal lingual veneer preparation, a 
central lingual pinhole, and a flat proximal box.

Fig 1-50 Single-retainer all-ceramic RBFDP fabricated from 
veneered alumina ceramic (In-Ceram).

Fig 1-51 The inserted all-ceramic RBFDP from the labial 
view...
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Fig 1-54 The single-retainer all-ceramic RBFDP in occlusion. Fig 1-55 Extraoral view shortly after insertion. 

(Figs 1-59 and 1-60). Overloading of zirconia ceram-
ic RBFDPs, e.g. due to traumatic incidences, usually 
did not result in ceramic fractures, but only in 
debonding of the retainer wing86,88. However, this 
can be considered a simple clinical complication 
that can be easily remedied by rebonding the 
debonded restoration. While single-retainer all-ce-
ramic RBFDPs can be considered an established 
standard therapy for replacing incisors, the applica-
tion of all-ceramic RBFDPs for the replacement of 
canines and posterior teeth is still under clinical 
evaluation, especially as single-retainer RBFDPs for 
the replacement of canines and premolars, and as 

modified inlay-retained FDPs for molar replace-
ment22. 

The concept of the single-retainer all-ceramic 
RBFDP with its superior longevity has not only been 
confirmed for zirconia ceramic61,82,86,88, but also for 
lithium disilicate ceramic at least in the medium 
term81,97. However, it should be considered that lith-
ium disilicate ceramic exhibits a flexural strength 
similar to that of glass-infiltrated alumina ceramic, 
which showed framework fractures when overload-
ing occurred55. Therefore, it must be expected that in 
cases of high stress, RBFDPs made from lithium dis-
ilicate ceramic will more likely fracture than debond. 

Fig 1-52 …and from the occlusal view. Fig 1-53 Detailed view of the retainer wing from the lingual 
view. The occlusal contact is located on the sound enamel 
above the retainer wing. 



15 ■

 Why RBFDPs evolved to a single-retainer design Chapter 1

Fig 1-58 Extraoral view after bleaching of the natural teeth 
[Source: Katrin Simons, Cologne, Germany].

Fig 1-56 The happy patient. 

Fig 1-57 The patient 18 years after insertion. The ceramic 
veneering of the pontic appears considerably brighter than 
the natural teeth.
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Within the German social health insurance sys-
tem since 2005, two-retainer metal-ceramic RBFDPs 
with a fixed-fixed design were declared the stan-
dard of care when replacing incisors in patients be-
tween the ages of 14 and 20. Since 2006, patients 
over the age of 20 could also receive a cost subsidy 
for two-retainer metal-ceramic RBFDPs when the 
indication for RBFDPs is given31. Despite the super-
ior longevity of single-retainer cantilever RBFDPs 
(compared with that of two-retainer RBFDPs), their 
clinical application was not approved by the Ger-
man social health insurance system for many years, 
meaning patients did not receive any cost subsidy.

Only after the German Society for Prosthetic 
Dentistry and Biomaterials (DGPro) had provided 
several scientific reports on the single-retainer 
RBFDP therapy were dental guidelines for the Ger-
man social health insurance modified on 1 July 2016. 
In this amendment, single-retainer cantilever met-
al-ceramic RBFDPs, as well as the traditional two-re-
tainer metal-ceramic RBFDPs, can now be provided 
to patients without age restrictions for the replace-
ment of incisors17. However, the replacement of two 
adjacent missing incisors with metal-ceramic 

RBFDPs is approved as the standard of care only for 
patients between 14 and 20. A scientific rationale for 
the age restriction is not available. However, older 
patients might be eligible to receive a cost subsidy 
from social health insurance when two adjacent in-
cisors are replaced with RBFDPs. 

Unfortunately, two-retainer metal-ceramic 
RBFDPs with the fixed-fixed design remain an 
equivalent treatment option to replace single inci-
sors within the German social health insurance 
system. From a scientific point of view, and in aim-
ing to provide the best evidence-based dental care, 
this must be regretted. So, probably two-retainer 
metal-ceramic RBFDPs will often be applied un-
necessarily, despite the increased risks for these 
patients.

However, it might be considered beneficial from 
the perspective of the patients and their dentists 
that, regardless of the patient’s age, single-retainer 
cantilever and two-retainer fixed-fixed all-ceramic 
RBFDPs are now approved as an equivalent treat-
ment modality to metal-ceramic RBFDPs, so pa-
tients receive a cost subsidy from social health 
insurance when choosing all-ceramic RBFDPs17. 

Fig 1-59 Single-retainer all-ceramic RBFDP fabricated from 
veneered zirconia ceramic, replacing tooth 22 from the oc-
clusal view.

Fig 1-60 Zirconia ceramic RBFDP from the labial view.
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For long-term durable bonding of metal-ceramic or 
all-ceramic RBFDPs (fabricated either from non-
precious metals or zirconia ceramic), all bonding 
substrates, i.e. enamel, cobalt-chromium (CoCr) 
alloy or zirconia ceramic, must be conditioned ade-
quately and bonded using a suitable adhesive sys-
tem. Any contamination of the conditioned bond-
ing surfaces must be strictly prevented. Under these 
conditions, single-retainer RBFDPs can be consid-
ered an extremely reliable treatment modality.

How to bond durably  
to enamel
A clinically adequate bond strength to enamel re-
quires a sufficient enamel quality and a bonding 
surface of about 30 mm2 (0.0465 inch2). Luting 
RBFDPs to teeth with major bonding areas in ex-
posed dentin is not indicated because the bond 
strength to dentin is not only significantly lower, 
but is also not durable long term18,21,29,100. Prior to 
bonding, the prepared enamel surface must be 
cleaned thoroughly with cleaning paste, e.g. pum-
ice, or prophylaxis spray, e.g. Prophyflex 3. Then, 
33 to 40% phosphoric acid gel is applied. A higher or 
lower concentration will achieve poorer results24,66.

The etching time should be about 30 s6,33. Lon-
ger etching times bear no advantages, but merely 
lead to a further loss of substance (Figs 6-1 to 6-5). 

Enamel etching increases the surface area and in-
creases its reactivity and wettability (Figs 6-6 to 
6-8). Particularly important is the subsequent wash-
ing time with water spray. At least 15 s is recom-
mended in order to completely remove the precipi-
tates created by the etching procedure2. On 
unprepared enamel surfaces, a reduced etching pat-
tern often occurs due to the presence of fluoride-rich 
and aprismatic superficial enamel. For this reason, 
this superficial layer is removed by gently grinding 
the complete prospective bonding surface of the re-
tainer wing during the adhesive preparation (see 
retainer wing preparation in Chapters 9 and 10).

After thorough removal of the phosphoric acid 
with water spray, the enamel should be thoroughly 
dried. The frosty-white appearance of the etched 
enamel provides a good clinical indication that the 
etching procedure has been correctly completed 
(Fig 6-8). Contamination of the conditioned highly 
reactive enamel by moisture, saliva, and/or blood 
must be absolutely prevented.

 This can best be achieved using optimal isola-
tion by applying the rubber dam before cleaning 
the prepared enamel surface. Should contamination 
occur, a brief re-etching for 5 s, followed by thor-
ough washing and drying, will reestablish adequate 
bonding conditions. In the case of adequate clinical 
procedures, high bond strengths to composite res-
ins and adhesives of about 30 N/mm2 are obtained 
that are within the range of the intrinsic strength of 
enamel and are durable long term43. The clinical 
cases presented in this book with up to 25 years of 
long-term durable bonding between the enamel and 
the ceramic retainer wings demonstrate the long-
term durability of the bond strength to both sub-
strates. It proves clinical bonding durability despite 
non-retentive abutment tooth preparations.

The sole use of self-etching primers or adhesives 
without phosphoric acid etching is not suitable to 
achieve a sufficiently high bond strength to enam-
el28. Only for temporary luting of provisional 
RBFDPs, e.g. in the context of fabricating im-
plant-retained prosthetic restorations, might self- 
etching adhesive systems be used.

Fig 6-1 Etching pattern after phosphoric acid etching for 
30 s (SEM image at 500× original magnification). Differently 
etched areas can be seen.
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Fig 6-2 At a higher original magnification, a pronounced 
central etching pattern (SEM image at 2000× original mag-
nification) can be detected in an area after 30 s of etching 
and… 

Fig 6-3 …a similarly embossed external etching pattern 
(SEM image at 2000× original magnification) in another area 
on the same enamel surface. Both etching patterns provide 
high bond strengths.

Fig 6-4 With a longer etching time of 60 s, both the internal 
etching pattern (SEM image at 2000× original magnification) 
and… 

Fig 6-5 …the external etching pattern (SEM image at 
2000× original magnification) are more pronounced. How­
ever, that does not increase the bond strength.

Fig 6-6 Etching of the enamel with 37% phosphoric acid 
gel. The adjacent tooth is protected from the acid by a plas-
tic matrix.

Fig 6-7 Thorough removal of the acid gel by water spraying 
is essential so that no gel residuals remain in the etching 
pattern.
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How to bond durably to  
non-precious metals 
Due to their good biocompatibility and good me-
chanical properties, cobalt-chromium (CoCr) alloys 
are the first choice when single-retainer metal-
ceramic RBFDPs are to be used. Nickel-chromium 
(NiCr) alloys are considered second choice due to the 
high rate of patients allergic to nickel. Compared to 
precious metal alloys, base alloys have significantly 
higher bond strengths and, because of their high 
modulus of elasticity, are stiffer, which enhances re-
tention. In the case of an allergy to CoCr or NiCr 
alloy components, titanium or titanium alloys can be 
used, whereby the framework stiffness is reduced, so 
that a slightly thicker framework is then required.

For durable bonding to CoCr, NiCr or titanium 
alloys, only mechanochemical methods can be rec-
ommended today. In these, micromechanical re-
tention and chemical bonding by means of adhe-
sive monomers act synergistically and lead to 
bond strengths that exceed those achieved to 
enamel. However, in view of the variety of metal 
conditioning methods and adhesive systems, this 
chapter does not present an overview of the avail-
able methods, but describes only a principally out-
standing method. This method has proven to be 
excellent both in laboratory investigations45,46,77 

and in the clinic of the author, as well as in the 
world’s longest clinical study on single-retainer 

metal-ceramic RBFDPs, with an observation period 
of over 15 years14.

Using this well-proven method, in a first step 
the metal bonding surface is air abraded with 50 µm 
alumina particles (Al2O3 = corundum) at 2.5 bar 
(0.25 MPa) pressure. This corundum blasting, which 
is falsely often referred to as sandblasting although 
it is not blasted with sand, has several functions like 
the enamel etching with phosphoric acid. The alu-
mina particle air abrasion results in a cleaning, 
roughening, surface enlargement and chemical ac-
tivation of the metal surface. These are prerequi-
sites for good wettability of the bonding surface 
and the direct chemical bonding of active mono-
mers to the metal (Figs 6-9 and 6-10). Therefore, the 
air abraded surfaces should be bonded without de-
lay, i.e. within a few minutes, otherwise contami-
nants always present in the air will increasingly 
stick to the conditioned surfaces and inactivate 
them. Of course, the alumina particle air abraded 
surfaces must also not be contaminated directly, 
e.g. by touching with the fingers or by placing the 
conditioned RBFDP unprotected in areas close to 
the dental treatment unit, where aerosol always de-
velops during acid etching of enamel.

The alumina particle air abrasion of the inner 
bonding surfaces of the retainer wings can be car-
ried out either in the dental laboratory or, prefera-
bly, after the fitting of the RBFDP, directly chairside 
by the clinician with an intraoral applicable air 
abrasion device (e.g. MicroEtcher CD) used in a 
dust containment system (e.g. MicroCab+) (Figs 6-11 
to 6-13). During alumina particle air abrasion, the 
veneering consisting of silicate ceramic must be 
protected from the abrasive blasting medium. This 
can be done easily by covering the veneering ce-
ramic with a thin layer of autopolymerizing resin 
(e.g. Pattern Resin) that is formed in a half-shell on 
the veneering (Fig 6-14)54. The uniform matting of 
the metal surface by the air abrasion with alumina 
particles shows the effectiveness of the condition-
ing step and also serves at the same time as quality 
control (Fig 6-15). If there is no matting, blasting 
pressure and/or powder quantity are too low.

Fig 6-8 The frosty-white areas of the dried enamel are an 
indicator of an adequately etched surface.
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After the alumina particle air abrasion step, the 
resin half-shell is removed from the ceramic ve-
neering and the restoration should be cleaned ultra-
sonically in a disposable cup with fresh 99% iso
propanol for 3 min to remove blasting residues 
(Figs 6-16 and 6-17). It is very important that no 
impurities (e.g. blood, saliva or silicone oil residues) 
are present on the unconditioned portions of the 
RBFDP, which would be dissolved in the alcohol 
during the ultrasonic cleaning and then precipitate 
on the conditioned and highly reactive bonding 
surface. Therefore, the entire RBFDP should be 

Fig 6-9 Microretentive surface of a CoCr retainer wing after 
air abrasion with 50 μm alumina particles at 2.5 bar pres-
sure (SEM image at 50× original magnification).

Fig 6-10 Detailed view of the alumina particle air abraded 
CoCr surface (SEM image at 1000× original magnification).

Fig 6-11 The extra- and intraoral applicable air abrasion 
device (MicroEtcher CD) can be operated chairside via the 
Multiflex coupling of the dental unit.

Fig 6-12 The dust containment box (MicroCab+) prevents 
the pollution of the treatment room during the chairside 
application of intraoral air abrasion devices.

Fig 6-13 Air abrasion of a metal-ceramic RBFDP in the illu-
minated dust containment box.
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thoroughly cleaned after the intraoral try-in and 
before the surface conditioning, e.g. under running 
warm water with a disposable toothbrush, or by 
means of steam cleaning.

In a second step, an adhesive bonding system con-
taining the active monomer 10-methacryloyloxydecyl-
dihydrogenphosphate (MDP) should be used. If the 
bifunctional MDP monomer is applied to an alumina 
particle air abraded metal surface, its phosphoric acid 
ester group chemically binds to the surface oxides of 
the metal surface and its unsaturated double bond 

initiates a polymerization reaction with the resin mol-
ecules of the adhesive system (Fig 6-18).

The autopolymerizing composite luting resin Pa-
navia 21, which has proven itself over more than two 
decades, has integrated the MDP monomer as an ad-
ditive so that no additional primer has to be put on 
the metal surface air abraded with alumina particles. 
Therefore Panavia 21 (color EX = white opaque) is 
applied directly to the conditioned retainer wing 
(Figs 6-19 to 6-21). In many alternate bonding sys-
tems, the MDP monomer is not integrated into the 

Fig 6-15 The retainer wing is air abraded with 50 μm alu-
mina particles at 2.5 bar pressure in order to achieve a 
roughening, cleaning, and activation of the bonding surface. 
The uniform matting of the metal surface can control the 
effectiveness of the air abrasion process. 

Fig 6-16 After the bonding surface has been alumina parti-
cle air abraded, the protective half-shell can be easily re-
moved…

Fig 6-17 …and the RBFDP can then be cleaned of more 
firmly adhering blasting media residues in the ultrasonic 
bath with 99% isopropanol.

Fig 6-14 A half-shell made of PMMA resin (Pattern Resin) is 
applied by means of the brush technique. This half-shell 
protects the veneering during air abrasion of the metal re-
tainer wing.
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Fig 6-18 MDP is a reactive monomer that binds to the sur-
face oxides of non-precious alloys, pure titanium, and zirco-
nia ceramics in a condensation reaction.

Fig 6-21  …is applied to the CoCr retainer wing in sufficient 
thickness.

Fig 6-19 The autopolymerizing white-opaque luting resin 
(Panavia 21 EX) is placed in equal strips of base and catalyst 
paste on the mixing block.

Fig 6-20 Within 20 s, the luting resin is mixed homoge-
neously and…

adhesive, but must be applied as a primer before-
hand. Examples for such two-step systems are the 
dual-polymerizing adhesives Panavia V5 (requires 
Alloy Primer or Ceramic Primer Plus beforehand), 
and Multilink Automix (requires Monobond Plus be-
forehand). However, it must be stated that at the time 
of writing this book, positive clinical data on the 
long-term performance of single-retainer metal-
ceramic RBFDPs are only available for the autopoly-
merizing adhesive luting resin Panavia 21.

surface oxides

surface oxides
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While the pretreatment prior to the prosthetic 
therapy with RBFDPs covers the normal treat-
ment spectrum, as with conventional restorations, 
particular attention should be paid to some specif-
ic points. Whether the patient will be motivated 
to perform adequate oral hygiene is determined in 
the hygiene phase. Since the supragingival restor-
ation margins are plaque retention sites, RBFDPs 
can be successful in the long term only with ade-
quate oral hygiene. Since patients with missing 
anterior teeth suffer a lot, the author’s impression 
is that (especially young) patients are more likely 

to be motivated to perform good oral hygiene, 
and more so in the pretreatment phase than when 
the RBFDP is already inserted. In cases of poor 
oral hygiene, the hygiene phase during pretreat-
ment is a good time to emphasize the importance 
of adequate oral hygiene.

Orthodontic pretreatment 
In adolescent patients with agenesis of teeth or ear-
ly traumatic tooth loss, often an unfavorable gap 
distribution is present. It is usually indicated to 

Fig 8-1 A 20-year-old female patient with a peg-shaped 
tooth 12 and a congenitally missing tooth 22 after the com-
pletion of her orthodontic therapy before the debanding. The 
opened space in region 12 and 22 is acceptable and the over-
bite of about 3 mm allows for the application of a RBFDP.

Fig 8-3 Detailed view of region 12… Fig 8-4 …and 22 before debanding.

Fig 8-2 The occlusal view shows approximately the same 
width ratios in the areas 12 and 22. The patient did not want 
any further orthodontic treatment for fine adjustment.
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Fig 8-5 Tooth 12 prepared for an all-ceramic veneer crown 
(preparation completely in the enamel). 

Fig 8-6 Soft tissue contact zone in region 22 shaped with a 
concave depression.

Fig 8-9 Labial view of both restorations.

Fig 8-7 Detailed view of the inserted veneer crown 12… Fig 8-8 …and the single-retainer RBFDP replacing tooth 22.

improve this situation orthodontically prior to the 
prosthetic therapy with RBFDPs. 

Ideally, the orthodontic adjustment of the pontic 
space is performed in close consultation with the 
dentist providing the prosthetic therapy. The ortho-
dontic treatment should only be completed and the 
multiband appliance removed if the restorative den-
tist has checked whether the corrected spaces can 
be adequately restored with RBFDPs. The gap width 
should correspond to the normal width of the miss-
ing tooth and there must be sufficient intermaxil-
lary space for the retainer wing (Figs 8-1 to 8-9). 
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In the case of an overbite not exceeding 3 mm, 
the adhesive preparation and the retainer wing in 
the maxilla can be placed below the occlusal con-
tacts, so that the ceramic framework does not inter-
fere with the occlusion. In the case of a deeper ver-
tical overbite of 4 to 5 mm, it is critical to check 
whether there is a sufficiently large enamel surface 
of 30 mm2 cervical to the occlusal contacts and 
whether a sufficient connector height and thickness 
of 3 × 2 mm can be achieved (see Chapter 7). 

If this is not the case, as in deeper bite situa-
tions with retroclined maxillary incisors, an ade-
quate orthodontic erection of the incisors is a nec-
essary prerequisite for the use of RBFDPs, in spite 

of the deep bite (Figs 8-10 to 8-21). A sagittal clear-
ance of 0.6 to 0.7 mm should be established ortho-
dontically between the mandibular and maxillary 
incisors, so that – after the adhesive preparation – a 
zirconia ceramic retainer wing with a minimum 
thickness of 0.7 mm can be bonded. The occlusal 
contacts of the mandibular incisors will then be on 
the polished zirconia ceramic that will also provide 
the anterior guidance. In the illustrated case with a 
unilateral tooth agenesis, however, the contralater-
al incisor also loses its anterior tooth contact 
through the protrusion of the incisors. This should 
then be restored with a lingual ceramic wing, i.e. a 
lingual veneer (Figs 8-19 to 8-21).

Fig 8-10 Extraoral view of an 18-year-old female patient 
with a deep bite and missing tooth 22.

Fig 8-11 View with retracted lips and teeth in maximum 
intercuspation. 

Fig 8-12 The lateral view reveals the missing space for a 
retainer wing.

Fig 8-13 Extraoral view with multibracket orthodontic ap-
pliance.
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Fig 8-14 The view with retracted lips and teeth in maximum 
intercuspation shows that the incisors were slightly protrud-
ed and intruded. The space formed mesial to the small tooth 
12 is to be closed by means of a ceramic veneer.

Fig 8-15 Labial view of the edentulous space in region 22.

Fig 8-16 The intermaxillary space conditions now permit 
the application of a RBFDP. However, the anterior guidance 
has to be restored by lingual veneers (retainer wings) on 
both central incisors. 

Fig 8-17 Extraoral view after fine correction of the gap dis-
tribution and removal of the multibracket orthodontic appli-
ance.

Fig 8-18 The view with retracted lips and teeth in maxi-
mum intercuspation after completed orthodontic treatment.

Fig 8-19 Lingual view of the inserted RBFDP made of zirco-
nia ceramic for replacement of tooth 22. The retainer wing 
on tooth 11, integrated into the anterior guidance, was 
splinted with the retainer wing of tooth 21 in order to pre-
serve the orthodontic result.
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In another case of a two-retainer metal-ceramic 
RBFDP that was inserted elsewhere in order to re-
place tooth 11, there was insufficient space on the 
lingual surfaces of the abutment teeth for adequate-
ly dimensioned retainer wings (Figs 8-22 and 8-23). 
For this reason, the thin retainer wing on tooth 21 
had already debonded a short time after the RBFDP 
had been inserted and had been cut off. Due to pre-
mature contacts, the retainer wing on tooth 12 had 
to be greatly reduced, so that its stability was com-
promised and loss of retention could be expected at 
any time (see Figs 14-9 and 14-10). After the patient 

had been informed about the space required for the 
long-term function of the RBFDP, she agreed to or-
thodontic pretreatment with clear plastic aligners 
to protrude tooth 21 by 0.3 mm and to retrude the 
mandibular teeth slightly. An additional 0.3 mm 
space could also be created at tooth 31 (Figs 8-24 to 
8-27). After 6 weeks of wearing two sets of In-line 
aligners in the maxilla and mandible, the desired 
space of at least 0.6 mm was obtained (Figs 8-28 to 
8-30). Suitability of the obtained space could be eas-
ily checked by inserting a 0.6 mm-thick strip of tin 
foil between the prospective abutment tooth 21 and 

Fig 8-20  The view with retracted lips and teeth in maximum intercuspation shows the glass-ceramic veneer on tooth 12 
and the RBFDP for replacement of tooth 22. 

Fig 8-21  Extraoral view of the treatment result.
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During the past two decades, the author and his 
staff have used mostly all-ceramic RBFDPs for an-
terior tooth replacement for their patients. When 
patients are informed about the advantages and dis-
advantages of the different framework materials  
(see Chapter 5), they usually choose the all-ceramic 
version.

Single-retainer all-ceramic RBFDPs have the 
major advantage that parallelization of tooth sur-
faces and the application of technique-sensitive re-
tention grooves can be omitted. Due to the rigidity 
of the ceramic retainer wings, there is no risk that 

the retainer wings might bend. Therefore, detri
mental peeling forces do not occur. Without the ap-
plication of retention grooves, an intraoral paral-
lelometer, or similar means, are not required. 
Instead of retention grooves, an additional flat 
proximal box is prepared (about 0.5 mm-deep and 
2 × 2 mm-wide) within the enamel, since it signifi-
cantly increases the fracture strength of all-ceramic 
RBFDPs42. In this way, together with the lingual 
pinhole, a defined seat of the single-retainer RBFDP 
is ensured (Figs 10-1 to 10-3).

Fig 10-1 Schematic drawing of the recommended enamel-restricted preparation for anterior all-ceramic retainer wings. 
C – light cervical chamfer, P – pinhole, B – flat proximal box, S – light incisal shoulder.

Fig 10-2 Representation of the recommended adhesive 
preparation limited to enamel on anterior teeth for all-
ceramic retainer wings on a cast with typodont teeth.

Fig 10-3 The lingual retention nub and the proximal box 
are clearly visible on the corresponding all-ceramic retainer 
wing.
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Fig 10-4 A 14-year-old female patient with congenitally missing lateral incisors after completion of orthodontic treatment 
[Source: Bärbel Kahl-Nieke, University of Hamburg, Germany].

Mock-up for visualization

In general, it is recommended to have a diagnostic 
wax-up of the pontic and the retainer wing made in 
the dental laboratory on diagnostic casts mounted 
with a facebow in the articulator. If the wax-up is 
subsequently transferred intraorally with the aid of 
a silicone index as a mock-up, the achievable func-
tion and esthetics of the RBFDP can be initially 
checked and reasonable or necessary pretreatment 
measures can be ideally assessed (compare to Chap-
ters 3 and 7). A diagnostic abutment preparation on 

the planning cast is particularly helpful if the mini-
mally invasive adhesive preparation is not in the 
usual repertoire of the practitioner. The diagnostic 
abutment preparation is best done by marking the 
centric and eccentric occlusal contacts, so that their 
position can be taken into account. Usually, existing 
occlusal contacts are not removed and are not in-
cluded in the preparation of the retainer wing.

In the illustrated case of a 14-year-old female 
patient with congenitally missing maxillary lateral 
incisors, an unexpected opening of the proximal 
contact between the two central incisors was 
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observed (Figs 10-4 to 10-6) within a short time af-
ter completion of the extensive orthodontic pre-
treatment (see Figs 8-31 to  8-36). A wax-up on the 
diagnostic cast where the central incisors were 
splinted (compare to Figs 7-46 to 7-51) was trans-
ferred intraorally as a mock-up using provisional 
resin in a silicone mold. The mock-up therefore 
simulated not only the RBFDPs and the mesial 
broadening of the left canine but also the closure of 
the small diastema between the two central incisors 
(Figs 10-7 and 10-8). The patient and her mother 
were satisfied with the simulated result. Soft tissue 

augmentation in edentulous regions with horizon-
tal defects was dispensed with since the patient did 
not expose these regions during function (Fig 10-8). 
The proximal contacts of the replacement teeth of 
the orthodontic retention device were reinforced 
with composite resin to a level that restored the 
proximal contact between the two central incisors 
(Figs 10-9 and 10-10). Patient and mother were in-
formed that splinting the retainer wings was recom-
mended in order to secure the proximal contact per-
manently. Three weeks later, the proximal contact 
remained intact after removal of the orthodontic 

Fig 10-5 Extraoral view: The patient does not expose the 
gingiva when smiling.

Fig 10-6  Labial view with retracted lips. The composite res-
in splint to secure the proximal contact of the central inci-
sors had debonded and had been removed incompletely 
elsewhere. There was a minimal midline diastema present.

Fig 10-7 View of the inserted mock-up of provisional resin. 
This was transferred from the wax-up made on the diagnos-
tic cast with splinted incisors. Therefore, the inserted mock-
up with retainer wings also eliminated the midline diastema.

Fig 10-8 Extraoral view with inserted mock-up. A soft tissue 
augmentation in the area of the missing teeth appears un-
necessary. The esthetic effect of the mock-up is much more 
appealing than the existing replacement teeth attached to 
the orthodontic retention device (Figs 10-9 and 10-10).
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A
abutment tooth preparation 13, 38, 54, 60, 64, 

124–126, 141, 145–148 
abutment tooth selection 85, 209, 232 
accident-related injuries 18 
adhesive system 2, 64, 66, 68–69, 168, 176, 178–179, 

236–237, 240
air abrasion (alumina particle air abrasion) 41, 58, 

66–68, 70, 130, 137, 162–165, 176–177, 193–194, 
236–237

air abrasion device, intraoral applicable 66–67, 
164, 193

alumina ceramic 9–16, 38, 40, 54, 70, 219 
alumina particle air abrasion (corundum-blast-

ing) 66, 68, 70, 72, 130, 162, 236
alumina particles 41, 58, 66–68, 70, 137, 162, 164–165, 

176–177, 193–194, 236–237
Angle Class II/1 75
Angle Class II/2 36

B
blasting pressure (air pressure, air abrasion) 66–67, 

70, 137, 164–165, 176–177 
blasting residues 67, 68, 71, 72, 130, 165, 176, 177, 

236
blocking out 150

C
CAD/CAM technology 87, 128–129, 152–153, 173, 

197, 202, 206
cantilever FDP (fixed dental prosthesis)	   

23–24
caries 5–6, 8, 18, 49, 54, 74, 185, 188, 218, 222
ceramic primer 69, 70, 72, 162, 176–177, 194–195, 

236, 240–241
ceramic veneer 13, 32–34, 47, 75, 95, 96, 117, 145, 

189, 192–195
cobalt-chromium alloy 4, 64, 66–67, 69, 126, 

129–130, 137, 236

conditioning
–	 gingiva/soft tissue/pontic contact area 41, 102, 

108, 137, 174, 175, 
–	 framework/restoration 66–68, 70, 72, 130, 164, 

176, 177, 193, 236, 237, 241
–	 enamel see enamel etching 
congenitally missing tooth/teeth 18–20, 92, 98, 

100, 117, 161
connective tissue graft 75, 110, 112–116, 120 
connector dimension 78, 86–88, 151–153, 198, 206, 

209, 211
connector height 75, 94, 126, 145–146, 212, 215
contamination 64, 72, 130, 164–165, 176, 178, 193, 

223–224, 229, 236–238
contraindication (implant) 18 
contraindication (RBFDP) 28, 74, 234 
crook (shepherd’s staff) 188
curing (polymerization) 131, 166, 168–169, 179, 223, 

238, 240

D
deep bite 24, 36, 75, 94, 117, 126
diastema, midline 12, 28, 46, 80, 98, 99, 130, 142, 

152, 173, 188–190, 219–221 
dust containment system 66, 164

E
electrosurgery  40, 137, 148–149, 173
enamel 2–3, 14, 23–24, 33, 40, 64–66, 75, 93, 104, 

126, 145, 166, 168, 176, 178, 193, 195, 197, 206, 
223–225, 230, 237, 240

enamel bonding surface 18, 74, 94, 130, 137, 165, 
176–179, 206, 215, 225

enamel etching 41, 64, 166, 176, 178, 230
etching pattern 2, 4, 64–65, 70, 166, 224–226
etching time 64-66, 130, 166, 178, 193
etching, electrolytical 4–5
excess, luting resin 58–59, 89, 131, 162–163, 

166–169, 179–180, 238  
extraction, tooth  2, 3, 18, 54–55, 57–58, 60, 85, 101
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F

fixation 2, 41, 104, 168, 170, 179–180, 223, 238–240
fracture 3, 9, 11, 14, 16, 18, 32–33, 36, 38, 44, 124, 

192, 195, 204, 232–233
–	 RBFDP/ceramic/framework 9, 11, 14, 16, 36, 38, 

44, 124, 204, 232–233
–	 crown 32–33, 192
–	 abutment tooth 11, 18, 195, 204
framework fabrication 128, 150–155
framework fracture 9, 11, 14, 16, 36, 38, 44, 62, 124, 

204, 232–233

G
growth 18, 21
growth, dental arches 18, 21

I
immediate pontic technique 2-3, 54–55
implant 3, 18–19, 21, 23–24, 38, 48, 52, 206, 216
impression taking 40, 108, 128, 137, 148, 150
indication (RBFDP) 12, 16, 18, 25, 36, 74–75, 206, 

233–234
informed consent 124, 132, 140, 170, 184–185, 197, 

202, 206, 212, 215

L
light polymerization 159, 179–180 
lithium disilicate ceramic 14, 121, 193–194
long-term prognosis 5, 223
longevity 2, 4–5, 7, 14, 23, 38, 48, 69, 236

M
Maryland Bridge 4
mattress suture 106, 113–114
MDP monomer 68–69, 70, 72, 162
metal framework 5, 8, 54, 62, 124–138, 223
metal retainer wing 124–125, 134–135, 137
migration, teeth 8-9, 102, 185, 218-22, 226-227
minimum thickness 62, 151, 211, 233

–	 minimum thickness, retainer wing 62, 151, 233
–	 minimum connector dimension 78, 151–153, 

211
mixing dish 240
mobility, tooth 25, 179, 188, 199–204, 234, 235, 238
mock-up 28–30, 31, 82–85, 102, 118–121, 124, 141, 

142, 144, 234

O
occlusal splint/night guard 36, 122, 170, 172, 

183–184, 219, 221
occlusion 62, 75, 98, 102, 125–128, 131, 150, 161, 

170, 182, 218–219
–	 occlusal contacts 125, 127, 138, 143–144, 170, 

182
–	 infraocclusion 18, 207, 215 
orthodontic closure of edentulous spaces 18–20, 

29–30, 103, 219–220
overloading 9, 11, 14, 16, 18, 49, 62, 122, 170, 185 
oxygen protection gel 41, 59, 89, 131, 168–169, 

180–181
oxygen-inhibited polymerization layer 131, 168, 

180 

P
parallelization pin 125, 134–135 
phosphoric acid 2, 64–66, 130, 137, 166, 169, 178, 

193–194, 224–225, 230, 237
polytetrafluoroethylene tape/Teflon tape 165–166, 

225
pontic 23–24, 49, 55, 77, 131, 141, 154, 156
pontic contact area 2, 23–24, 54, 55, 75, 77–81, 

84–85, 87–88, 102, 106–113, 148–150, 152, 
154–156, 159, 162, 172, 183, 195, 208 

positioning splint 2, 62, 88, 120, 161–162, 166–167, 
186, 201–202, 216, 232–235, 238

preparation, abutment tooth 13, 38, 54, 60, 64, 
124–126, 141, 145–148

prophylaxis spray 64, 165, 176–177, 237 
provisional (restoration) 3, 49, 52, 54, 66, 76, 82, 85, 

106, 108, 113, 115, 143, 150, 197
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R

rebonding 8, 49, 52, 197, 199, 204, 222–224, 226, 
228–230, 241

recall 138, 202, 218–230
refrigerator 240
resin half-shell 66–68, 70–71, 130, 164–165, 

176–177
resistance form 128 
retainer wing thickness 62, 151, 232–233, 235
retention grooves 9, 60, 62, 124–126, 128–129, 

134–135, 137, 140, 148, 188
retention loss (loss of retention) 5–7, 11–12, 96, 

124, 132, 184–185, 188–189, 196–197, 199–200, 
221–223, 226–229, 234, 236–237

rigidity 9, 60, 140, 148, 197 
roll flap technique 82, 104–111, 152 
rubber dam 10, 33, 47, 54, 58, 64, 89, 111, 120, 121, 

130–132, 137, 161–163, 169, 174–176, 180–182, 
193, 197, 237, 238

S
sandblasting 66
shade, tooth 57, 128, 157, 171, 183
shaping, teeth  85 
Shimstock foil 131, 138, 170, 182, 218–219, 221
single tooth implant 3, 18, 23–24, 38, 48, 52, 206, 

216
soft tissue conditions 3, 54–55, 61, 75, 81, 107, 115, 

117 
soft tissue thickness 40, 104, 112, 120, 148 
space, intermaxillary or space, edentulous or space, 

occlusal 18, 24, 36, 54, 56, 62, 74–75, 82, 93–98, 
117, 214, 232–234 

splinting 5, 12, 18, 25, 34, 41, 43, 46–48, 86, 132, 
142, 188–204, 222, 229

staining 
–	 ceramic 70, 164, 176
–	 tooth 126, 144, 214, 216
steam jet cleaner 68, 72, 163, 164, 237
storage 66, 130, 165
survival rate (RBFDP) 38, 45–46 

T

temporary fixation 158-161, 186
test etching or etching, test 223–224, 228
tissue adhesive 174, 175, 180, 238
tissue preservation 23
titanium/titanium alloy 66, 69
tooth broadening or broadening of teeth 28–31, 

75, 84, 100, 118, 143–144, 
tooth tilting or tilting of teeth 28, 62, 100, 102, 219 
transplantation, autogenous 20
try-in
–	 RBFDP (resin-bonded fixed dental prosthesis) 66, 

68, 72, 78, 88, 128, 150, 157–159, 174, 186, 237 
–	 esthetic try-in 128, 157
–	 framework 78, 109, 128, 150–152, 197–198 
–	 mock-up 85, 142
–	 wax-up 127 

U
ultrasonic bath 67–68, 71–72, 130, 163, 165, 176–177, 

237 

V
veneer/veneer crown 13, 32–34, 47, 75, 93, 95, 96, 

102, 117, 118, 120, 121, 145, 189, 192–195 

W
washing time 64 
wax-up 29, 31, 82, 84, 118, 120–121, 124, 126–127, 

141–144, 148
width, edentulous space or width, pontic 23-24, 

28-30, 74-75, 93, 102

Z
zirconia ceramic 14, 16, 38, 45–48, 60, 64, 69, 70–72, 

78, 87, 94–95, 140–186, 206, 208–216, 232–236




