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Mucogingival abnormalities may involve lack of gingiva, excess gingiva, recession,
shallow vestibule, abnormal colour and aberrant frenula (AAP Consensus 1999).1,2
Periodontal plastic surgery was a term introduced by Preston Miller in the early nineties
to describe mucogingival or periodontal procedures dealing with aesthetics.3 It is of the
utmost importance to understand that none of the conditions or procedures described
in this article can be correctly diagnosed or treated until such time as all infection
and inflammation have been resolved. There should be no gingivitis or periodontitis
present.
Periodontists are often requested to correct an excessive gingival display or correct
excessive exposure of teeth due to recession. Periodontal aesthetic surgery around
natural teeth therefore involves either the removal of excess tissue in gummy smiles
or the repair of lost tissue such as in recession. The former involves the procedure of
crown lengthening or gingivectomy and the latter the treatment of marginal gingival
recession by grafting. Crown lengthening is carried out either for aesthetic or functional
purposes. Indications for crown lengthening include subgingival caries, crown or root
fractures, altered passive eruption, short teeth, excessive gingival display, uneven
gingival contours, cervical root resorption and short clinical abutment.4 This article will
cover excessive gingival display (Altered Passive Eruption, APE) and the procedure of
two stage crown lengthening only.
Crown lengthening (CL) may be achieved by either gingivectomy (removal of excess
gingiva) or by removal of bone (ostectomy) and gingiva. It is essential to determine
whether bone needs to be removed for lengthening. In the past this was done by doing
bone sounding under local anaesthesia, which is a fairly invasive procedure. CBCT is
now an alternative and not only can bone be assessed by this, but the soft tissue too,
provided a soft tissue CBCT approach is used.5
CL is aimed at exposing more of the clinical crown of the tooth. There are various
reasons why this may be desirable but for the purpose of this article we will focus on
two of the main aesthetic reasons caused by APE:
1. A gummy smile where the teeth are not fully exposed and partly covered by
gingiva (Figure 1)
2. An asymmetric gingival contour which is not aesthetic (Figure 2)
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Figure 1: Gummy smile due to Altered Passive Eruption.

Figure 2: Asymmetric gingival contour.

It is important to be able to diagnose the underlying problem
correctly before embarking on the procedure.

Altered Passive Eruption (APE)
It is important to note that excessive gingival display is
not always due to APE, but may also be due to vertical
maxillary excess, sometimes in combination with a high lip
line (Figure 3).6,7
In a South African study it was found that Delayed Passive
Eruption had a prevalence of 12%.8 Excessive gingival
display is most often diagnosed as APE, but it may also be
seen in drug induced enlargement and in plaque induced
swelling.6 Passive eruption is the process that occurs after
the tooth erupts into the oral cavity (the active eruption
phase) and is the process where the gingiva slowly migrates
apically to expose the anatomical crown.6 APE occurs when
the gingiva does not reach its correct position and covers
part of the clinical crown, giving a gummy appearance.6
It is not clear exactly when the physiological movement of
passive eruption ends and thus, at what age a diagnosis of
APE can be made.6 Coslett et al. reported that by the age
of 18 -20 years, the majority of individuals have a mature
dentogingival relationship.9
Multiple factors have been proposed as possible causes
for APE. These include occlusal interference by soft tissue
during the eruption phase, the presence of thick fibrotic
gingiva, genetics, the presence of thick bone, orthodontic
trauma and endocrine conditions.10
APE can be classified into two types, based on the
position of the mucogingival junction in relation to the
cemento-enamel junction.9 Type 1 APE is characterised by
the mucogingival junction being apical to the alveolar bone
crest, usually with a wide band of attached gingiva.6 This
band of attached gingiva is usually wider that the generally

Figure 3: A gummy smile due to vertical maxillary excess where
teeth are almost fully exposed.

accepted mean width of 3,0 - 4,2 mm in the maxilla and
2,5 - 2,6 mm in the mandible.6 In contrast, Type 2 APE is
defined by the presence of a band of attached gingiva
which falls within the normal mean width.6 In type 2 APE,
the mucogingival junction is located at the level of the
cemento-enamel junction, with the whole band of attached
gingiva located on the anatomic crown.6 Both type 1 and
type 2 APE, can further be subclassified into subgroup A
or subgroup B.6 In subgroup A, the alveolar bone crest is
located at the normal position, 1 – 3 mm apical to the
cemento-enamel junction.6 Subgroup B refers to those cases
where the alveolar bone crest is located at or coronal to the
level of the cemento-enamel junction.6 Correct classification
and diagnosis of each case is of critical importance before
treatment commences. APE type 1 subgroup A may be
treated with gingivectomy alone, whereas the authors
recommend a two-stage crown lengthening approach for
all other classifications.6 Whether the second stage surgery
(gingivectomy) in a two-stage crown lengthening approach
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Figure 4: Soft tissue retraction allows for measurement of supra-crestal gingival dimensions.

is required, will be determined by the outcome after healing
following the first stage surgery. It is the author’s experience
that a second stage gingivectomy is often not required
due to adequate recession after ostectomy. All patients
are given the choice of the second stage and very few
opt to have a second stage. Should the planning however
involve crowning of the anterior maxillary teeth, it is for the
restorative clinician to decided whether optimal lengthening
has been reached.

Supracrestal attached tissues (biologic width) and
dento-gingival complex
The term biologic width was recently replaced with the term
supracrestal attached tissues.2,11 The physiological function
of the supracrestal attached tissues is that of a protective
barrier for the periodontal ligament and supporting alveolar
bone.12 The supracrestal attached tissues include the
junctional epithelium and connective tissue attachment, the
average dimensions which were measured to be 0,97 mm
and 1,07 mm respectively, yielding an average dimension
of 2.04 mm for the supracrestal attached tissues.13 A more
recent systematic review found similar mean values of the
supracrestal attached tissues, reported as 2.15 mm - 2.30
mm.12 It is however extremely difficult, if not impossible, to
clinically measure the dimension of the supracrestal attached
tissues accurately. For this reason, we should rather rely on
the dimension of the dento-gingival complex, which can
be measured clinically or by soft tissue CBCT (Figure 4).
The dento-gingival complex includes the sulcus depth, in
addition to the junctional epithelium and connective tissue
attachment. A study examining the supraosseous gingiva
dimension (dento-gingival complex), found the mean
dimension of the maxillary facial dento-gingival complex to
rage between 3,71 ± 0.51 mm and 4,03 ± 0,41 mm.14
Disagreement still exists among authors with regards to
the amount of ostectomy needed during crown lengthening
8

procedures.6 The suggested distance between bone crest
and cemento-enamel junction range between 1 - 3 mm
and the suggested distance from bone crest to planned
gingival margin is ≥ 3 mm.7,15 - 23 Therefore, it is reasonable
to perform presurgical measurement of the dento-gingival
complex in each patient, to determine the extent of bone
removal during a crown lengthening procedure.
It has been shown that significant alterations can occur in
the marginal periodontal tissue level from the day of surgery
up to 12-months following healing.24 The greatest changes
occur during the first 3 months after surgery.25 The coronal
shift of the soft tissue margin during healing, also referred
to as soft tissue rebound, is more pronounced in thick
periodontal phenotypes, compared to thin phenotypes.24
For this reason, planning the extent of ostectomy should also
take into consideration the patient’s periodontal phenotype.4
The term periodontal biotype was recently replaced with
the term periodontal phenotype.2 Periodontal phenotype
describes both the gingival phenotype (gingival thickness
and keratinized tissue width) and the thickness of the
buccal bone plate.11 Biotype refers to a group of organs
which have the same genotype, whereas phenotype refers
to the appearance of an organ based on a multifactorial
combination of genetic traits and environmental factors.11
The phenotype, unlike genotype, can change over time or
can be modified by means of clinical intervention.11
To further complicate treatment planning, the mere action
of elevating a full thickness flap during crown lengthening,
may cause marginal bone loss. Two clinical studies
reported a mean crestal bone loss of 0,6 mm and 0,47
mm respectively, after full thickness flap elevation.26,27 If the
surgeon did not plan for this additional bone loss, treatment
may lead to unsatisfactory results such as exposed root
surfaces or crown margins. It is thus clear that meticulous
treatment planning should be performed before treatment
commences.
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Figure 5: Surgical stent used to assess ostectomy levels.

Two Stage Crown lengthening
The technique of performing a CL in two stages, with
ostectomy and osteoplasty done in stage 1 and a
gingivectomy, if indicated, in stage 2, is a predictable
procedure with a low trauma impact to the patient. The
alveolar bone is removed and shaped in the first procedure
without any soft tissue removal and after a few months of
healing, a second procedure of gingivectomy may be
needed if there has not been sufficient gingival recession.
The classic procedure of crown lengthening is a single
procedure, involving a simultaneous soft tissue contouring
(excision) and bone removal (ostectomy). David Garber
introduced the two stage crown lengthening in the early
1990’s, describing a procedure where the bone contouring
is done in the first procedure and the gingival contouring in
a subsequent procedure after a suitable period of healing.28
Removing gingiva (and bone) in one procedure in a perfect
aesthetic symmetry is difficult and will harm the patient by

Figure 6: Floss can be cold sterilized and used intra-operative to
assess symmetry in bone levels.

reducing vital attached gingiva needed for long-term stability. In
the authors’ experience, very few if any patients have enough
gingiva to undergo excision during a crown lengthening. It
may also prove difficult to achieve a thin feather edge to the
marginal gingiva, which gives the most ideal aesthetics, when
excising gingival tissue in a one stage procedure.
Bone contouring by itself, is a more controlled slow
process, where different diamond burs are used to sculpt
the bone and finish it in a thin feather edge- which in turn
will induce a thin marginal gingival edge. Achieving perfect
symmetry with this process is also easier due to the slow
controlled removal of tissue whilst allowing measurements
using either a periodontal probe, a surgical stent (Figure 5)
and floss to do a quick check intra-operatively (Figure 6).
Before any periodontal aesthetic surgery for excessive
gingival display can be planned, a simple decision-making
tree can be utilized to determine the diagnosis and following
from that the correct procedure can be selected (Figure 7):

Figure 7: Decision tree for diagnosing excessive gingival display and selecting appropriate treatment.
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Tooth measurements
The visible crowns of the anterior six maxillary teeth are
important in the smile. Before any crown lengthening can
be contemplated, the tooth sizes should be measured
and documented in the file. Central incisor teeth are
approximately the same size as the canines and in the
range of 10-13mm, whereas lateral incisors are slightly
smaller and in the range of 9-11mm.29

Case report: Two stage crown lengthening - a 25-year
follow-up
A 34-year-old patient presented with a gummy smile
(Figure 8) which was classified as altered passive eruption
type 1B. The patient needed a full rehabilitation of the
occlusion due to a deep bite, attrition on the palatal aspects
of teeth 13-23 and loss of posterior occlusal stability. The
patient had excellent plaque control, no periodontal disease
and a non-vital 11 due to trauma a few years prior to
consultation.
Radiographic examination revealed no alveolar bone loss
and clinical probing depths varied from 1-3 mm.
The anterior maxillary teeth had over-erupted due to the
attrition and lack of occlusal stability.

It was decided to perform a two-stage crown lengthening
as it required extensive lengthening and the patient’s aesthetic
expectations were high. After a wax-up, a surgical crown
lengthening guide was manufactured to fit over the teeth
(Figure 9) to give an indication of what would be required
to restore the smile surgically as well as prosthetically. The
stent was fitted in the patient’s mouth and a black pencil
was used to block-out the incisal edges to simulate the
final incisal edges and size of the teeth (Figure 10). This
allowed a clear estimation of how much lengthening would
be required. Photographs were taken and it was decided
to do an ostectomy first, followed by a second stage of
gingivectomy after 3-4 months.
Following administration of local anaesthesia, the
ostectomy and osteoplasty was performed after elevating
a full thickness buccal flap with no palatal flap elevation
(Figure 11). The surgical guide served as a reference for
the planned crown margins, to ensure adequate amount
of ostectomy and to prevent future violation of the space
to be occupied by the supra-crestal attached tissues. Deep
interdental split thickness flap design allowed full access to
the interdental bone for contouring. No interdental crestal
reduction was done, mainly because it was not indicated

Figure 8: Altered passive eruption with a component of vertical
maxillary excess, showing incomplete exposure of clinical
crowns.

Figure 9: Surgical stent to indicate the new planned clinical
crowns.

Figure 10: Surgical stent placed intra-orally with incisal edges
blocked out using a black pencil.

Figure 11: Full flap reflection with partial thickness interdentally,
allowing access to buccal and interdental bone for ostectomy
and osteoplasty.
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Figure 12: Closure of flap with vertical everting mattress sutures
to allow for maximum soft tissue fill in embrasure spaces.

Figure 13: Healing after 3 months showing 2-3mm of recession
in a symmetrical pattern, following the bone contour.

Figure 14: Second stage gingivectomy after 4 months.

Figure 15: Two weeks after second stage surgery, showing the
extent of lengthening.

Figure 16: Six months after placing final crowns.

Figure 17: 25 Years after surgery, showing stable gingival
margins.

in this case, but also to prevent inadequate papillae fill in
the gingival embrasure spaces after healing (Figure 11).
Vertical everting mattress 6/0 braided sutures were used to
close the flap with maximum embrasure filling with soft tissue
(Figure 12). Although monofilament sutures such as nylon
have less bacterial contamination potential, softer braided
sutures are much more comfortable to the patient. Healing
was uneventful and some lengthening was obtained with
the recession that took place after ostectomy (Figure 13).
After 4 months, gingivectomy was done with scalpel,
cauterization and thinning of the tissue by course diamond
drills (Figure 14). This was possible due to the presence of a
wide band of attached keratinized mucosa (altered passive
eruption type 1). Two weeks later, healing shows extensive
lengthening (Figure 15)
VITA In-Ceram® (VITA Zahnfabriek, Germany) all-porcelain
crowns were placed after a further 4 months of healing and
tissue maturation, with a good aesthetic outcome (Figure 16).

The patient was followed up at regular intervals and after
15 years the anterior 6 crowns (13-23) were replaced due
to marginal fractures of the In-Ceram® crowns on the palatal
aspects.
The periodontal tissues are stable at 25 years (Figure 17).
This case demonstrates a stable long-term result of performing
extensive aesthetic crown lengthening utilizing a two-stage
surgical protocol with a predictable step-by-step treatment.
This allowed full control and minimal loss of attached
gingiva, due to at least 2-3 mm of lengthening obtained
from the process of recession.
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The efﬁcacy of disinfectants in the
decontamination of dental unit water
lines: an in vitro laboratory study
Mrudula Patel1, Jainisha Desai1 and Peter C Owen2

Abstract
Objectives/aims: This in vitro laboratory study compared the efﬁcacy of water, sodium percarbonate (SPC) and
chlorine dioxide (ClO2) solutions in the disinfection of dental unit water lines (DUWLs).
Materials and methods: New DUWL tubes were cut, split open, and mono-culture and mixed-culture bioﬁlms of
Staphylococcus aureus, Enterococcus faecalis and Streptococcus mutans were grown. Harvested bioﬁlms from the
sectioned DUWL tubes were exposed to sterile distilled water, SPC or 5 and 10 p.p.m. ClO2 in both a stationary
phase and through a constant ﬂow. Bacterial counts were compared using the Kruskal–Wallis nonparametric rank test.
Results: In the mono-culture bioﬁlms, SPC, 5 and 10 p.p.m. ClO2 signiﬁcantly reduced all the test organisms
(Po0.01). However, no signiﬁcant difference was found between SPC and ClO2. In the mixed-culture bioﬁlms
exposed to disinfectant without ﬂow, ClO2 signiﬁcantly reduced the bioﬁlm (P = 0.02) compared with water and
SPC. Similarly, in the constant ﬂow study, ClO2 proved to be superior to water.
Conclusion: At low concentrations, ClO2 with and without ﬂow signiﬁcantly reduced the mixed-culture bioﬁlm grown
in vitro on the sections of the DUWL tubes. Therefore, it has the potential to be used in the patient treatment water,
as it is potable at these concentrations, and to decontaminate and limit the bioﬁlm formation in the water lines.
BDJOpen (2016) 2, 16003; doi:10.1038/bdjopen.2016.3; published online 26 February 2016
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The dental chair unit contains water lines that supply water from a reservoir or municipal
supply to the handpieces, the triplex air/water syringe and spittoon. These lines vary
in thickness and material construction, and become contaminated with environmental
microorganisms, pathogens and opportunistic pathogens. These bacteria create
bioﬁlms on the tube walls that provide nutrients and protection to one another.1 The
ﬂow of water in the dental unit water lines (DUWLs) generates shear forces that detach
pieces of bioﬁlm and planktonic forms of microorganisms and their endotoxins.
Contamination of DUWLs therefore becomes a potential source of infection particularly
for immunocompromised patients and is hazardous for both patients and dental healthcare personnel. The source of contamination is tap water or retrograde aspiration of
oral secretions by handpieces.2,3
Among the many physical methods that can improve the microbiological quality of
DUWL output water, the use of disinfectant is the most efﬁcacious means of ensuring
decontamination. Chemicals such as sodium percarbonate (SPC), hydrogen peroxide
and sodium perborate have been tested and they have shown variable efﬁcacy4 mainly
owing to the different test concentrations and the type of interventions. Most studies
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Table 1. Effect of water, SPC and ClO2 on the bioﬁlms of Staphylococcus aureus, Enterococcus faecalis and
Streptococcus mutans on the dental unit waterline yellow, white and grey tubing
Experiments

Mean ± s.d. (bacterial counts in c.f.u./ml)

have tested the efﬁcacy of disinfectants as ﬂushing solutions
with intermediate use of a normal water supply. However,
disinfectants may only be effective when the development of
bioﬁlm is minimised and the intermittent exposure of normal
water is also eliminated. Disinfectants used in DUWLs have
to not only eliminate heterotrophic bacteria but also common
pathogens. In addition, the disinfectant has to be safe and
biocompatible. This study compared the efﬁcacy of a
commonly used product, SPC and newly available product,
chlorine dioxide (ClO2), in the disinfection of DUWLs and
their possible use during patient treatment.

Materials and methods
Cultures and inoculums
Staphylococcus aureus ATCC 2943, Enterococcus faecalis
ATCC29121 and a clinical strain of Streptococcus mutans
were used in the study. Ethical clearance was obtained from
the Human Research Ethics committee of The University of
Witwatersrand, Johannesburg. Cultures were grown on
blood agar plates, and inoculums were prepared to obtain
an optical density of 0.5 at 405nm (~106–107 c.f.u./ml).
Test products
These products are commercially available and the solutions
were prepared according to the manufacturer’s instructions.
The SPC tablet (SPC, N-alkyl dimethyl benzyl ammonium
chloride, N-alkyl dimethyl ethylbenzyl ammonium chloride
and silver nitrate) is known as A-dec ICX (A-dec, Newberg,
OR, USA), and 5 and 10 p.p.m. of slow release ClO2
tablets known as SteriWright (Wright Millners, Johannesburg,
South Africa). Sterile distilled water was used as a control to
represent ﬂushing.

supply to spittoon), white (to auxiliary devices) and grey (to
the air turbines) new DUWL tubes (A-dec) were cut and slit
into two halves. The tubes were decontaminated with 70%
alcohol and by placing them under ultraviolet light for 48h.
To grow bioﬁlms, the tubes were placed in Brain Heart
Infusion broth, inoculated with 100μl of the appropriate
culture inoculum and incubated at 37°C for 72h. They were
rinsed with sterile distilled water to remove residues of media
and unattached bacterial cells, and the bioﬁlms were then
scraped off with swabs. The swabs and the tubes were
placed in 5ml sterile distilled water, vortexed, and bacterial
counts were obtained on blood agar plates using the serial
dilution technique. These experiments were repeated ﬁve
times, and the results were analysed using a one-sample t-test.
Efﬁcacy of disinfectants - in vitro study
For the mono-culture experiments, bioﬁlms were grown on
ﬁve sets of the yellow, white and grey tubes. One set of
tubes with bioﬁlms were cultured for the quantity of bacteria
using the serial dilution technique (control count). The
other four sets were allowed to stand in either of the test
chemicals or water for 24h. They were then removed, and
the standardised procedure described above was followed
to obtain the bacterial counts.
For the mixed-culture experiments, bioﬁlms were grown
using all three cultures of bacteria. In this case, the bacterial
counts were obtained using Baird–Parker agar (S. aureus),
MacConkey agar (E. faecalis) and Mutans Bacitracin agar
plates (S. mutans).
For both the experiments, the percentage kill was
calculated using control counts of unexposed tubes using
the formula:
(control counts - test counts/control counts) x 100 = percentage kill.

Standardisation of technique
Three-centimetre segments of standard-sized yellow (water

All the experiments were repeated three times. These data
were compared using Kruskal–Wallis nonparametric rank tests.
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Efﬁcacy of disinfectants—simulation study
A ﬁsh-tank pump was used to simulate the dental unit. This
pump had the capacity to pump 400 litres of water per
hour. This experiment was repeated using only the grey
tubes. A 25-cm segment of tube was cut, ﬁtted onto a pump
and submerged into a beaker containing 70% alcohol. The
pump was switched on for 2h to decontaminate the pump
and tube. The tube was removed and placed under ultraviolet
light. After 24h, the pump was removed from the alcohol,
drained thoroughly, air dried and the decontaminated tube
was reconnected. This assembled system was submerged
into 650ml of Brain Heart Infusion broth. The media were
inoculated with 1ml of mixed-culture inoculum, incubated
for 72h with a change of medium every day. The pump
was switched on for 8h a day and the rest of the time the
tubes were left in the same medium. A 3cm segment was
cut, wiped with 70% alcohol and split open using a sterile
scalpel. Bioﬁlms from the inner walls of the tube were then
scraped off with swabs. The swabs and the tubes were
placed in 5ml sterile distilled water, vortexed and bacterial
counts were obtained using Baird–Parker agar (S. aureus),
MacConkey agar (E. faecalis) and Mutans Bacitracin
agar plates (S. mutans). The bacterial counts were taken
as control counts. The rest of the tubing was also wiped
with 70% alcohol, reconnected to a decontaminated pump,
submerged into sterile distilled water, switched on for 8h and
kept in the same sterile distilled water at room temperature
for 24h. Five 3-cm segments were cut, the outer surface was
decontaminated and the bioﬁlm from the inner wall was
cultured. Similarly, 72-h bioﬁlms were exposed to SPC, and
5 and 10 p.p.m. ClO2 solutions. These experiments were
repeated ﬁve times for each disinfectant. The percentage
kill data for each organism were pooled to provide 15
readings per disinfectant, which were compared using
Kruskal–Wallis nonparametric rank tests.

Results
Standardisation of technique
The mean bioﬁlm counts of S. aureus, E. faecalis and S.
mutans was 1.3 × 107, 2.6 × 107 and 1.0 × 105 per tube.
No signiﬁcant difference in the bacterial counts between
the repeats per tubes and between all the tubes was found
(S. aureus: P = 0.06, E. faecalis: P = 0.15, S. mutans: P =
0.5). Therefore, it was determined that the technique was
standardised. However, the adherence ability of S. mutans
was found to be weaker than S. aureus and E. faecalis.In
addition, the adherence ability of the test organisms was not
tube dependent.

When the efﬁcacy of the disinfectants was compared
between the tubes no signiﬁcant difference in the % kill
was found (P = 0.6). When the efﬁcacy of the disinfectants
was compared between the test organisms, no signiﬁcant
difference in the % kill was found (P = 0.4). Therefore, all
the results were combined (% kill for the all the tubes and
all the organisms, n = 27) and the efﬁcacy of disinfectants
were compared.
Efﬁcacy of disinfectants
The bacterial counts are shown in the Table 1, which
shows the mean number of challenged organisms and the
reduction in the number of organisms. Continuous pumping
of ClO2 showed complete removal of mixed-culture bioﬁlm.
For each test, these bacterial counts were converted into
% kill. When the disinfectants were compared using % kill,
the results (Figure 1) showed that in the mono-culture bioﬁlm
experiments, SPC, 5 p.p.m. ClO2 and 10 p.p.m. ClO2
had signiﬁcantly high (Po0.01) % kill compared with water.
However, there was no difference in the % kill between the
test disinfectants.
In the mixed-culture bioﬁlm experiments, the test disinfectants
had signiﬁcantly higher % kill compared with water (Figure 2).
Both concentrations of ClO2 also had signiﬁcantly higher %
kill compared with SPC (P = 0.02) and no difference in the %
kill of the two concentrations of ClO2.
In the mixed-culture bioﬁlm pump experiments (Figure
3), SPC did not prove any different from water (P =0.1).
However, both the concentrations of ClO2 proved to be
better than water (P = 0.01).

Discussion
Although data related to transmission of infections due to
DUWL are under reported, it is still a threat especially to
immunocompromised patients.4 This study has shown that
the test chemicals can signiﬁcantly reduce the bioﬁlms
compared with water, which suggest that ﬂushing the unit
with water alone will not be adequate.3,5,6 Many products
containing disinfectants are available and they have been
shown to have variable efﬁcacy purely because of the unique
nature of the DUWL system.4 It becomes contaminated with
different types of bacteria, which forms highly structured
microbial communities that are difﬁcult to remove.
This study has shown that bioﬁlm containing mixed ﬂora
could not be eliminated with SPC (Table 1). Nevertheless,
SPC performed slightly better when the test organisms
were challenged individually and used in the pump
system. It has been suggested that sodium perborate and
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Figure 1: Comparison of disinfectants in the disinfection of
yellow, white and grey tubes contaminated individually (monoculture) with S. aureus, E. faecalis and S. mutans where n = 27.

Figure 3: Comparison of disinfectants in the disinfection of
simulation pump-attached grey tubes contaminated with mixedcultures of S. aureus, E. faecalis and S. mutans. Bacterial counts
for each organism were pooled where n = 15.

sodium carbonate, which are similar to SPC, generally
have variable efﬁcacy.4 Similarly, the test product SPC
that contained SPC, surfactants with biocidal activities
and antimicrobial compound silver nitrate also displayed
variable efﬁcacy. In a study, sodium carbonate together with
sodium carbonate peroxy hydrate has shown inconsistent
results at different time intervals.6 It has been reported
that SPC can efﬁciently eliminate heterotrophic bacteria
and produce water containing bacterial counts within the
permitted quantity of o500 c.f.u./ml7–9 and yet we failed
to show this phenomenon. Although the efﬁcacy of all the
disinfectants improved in the pump study compared with the
stationary experiments, SPC did not prove to be better than
water. On the other hand, ClO2 consistently showed better
results than water.

Figure 2: Comparison of disinfectants in the disinfection of
yellow, white and grey tubes contaminated with mixed-cultures
of S. aureus, E. faecalis and S. mutans in an in vitro stationary
environment. Bacterial counts for each organism were pooled
where n = 27.

As the results in our study have shown, Environmental
Protection Agency (EPA) approved ClO2 is an excellent
biocide and its use in DUWL has been recommended.1,6
However, Smith et al.10 reported that up to 50 p.p.m. ClO2
did not consistently provide potable quality water from an
intermittently treated DUWL, although it reduced the total
viable bacteria. In contrast, 3 p.p.m. ClO2 was reported
to produce water with <500 c.f.u./ml of heterotrophic
bacterial counts.11 Similarly, the use of ClO2 (unknown
concentration) in DUWLs was shown to maintain <10
c.f.u./ml of bacteria for up to 11 days.6 This suggests that
to achieve a signiﬁcant beneﬁcial effect, ClO2 should be
used continuously and not intermittently.5,6,12 Continuous use
of ClO2 in the DUWLs may prevent bioﬁlm formation by
reducing the number of bacteria that will also improve the
quality of water.
Regular use of disinfectant may also create other
problems particularly with chlorinated compounds as they
are considered corrosive. ClO2 is reported to cause no
corrosion at neutral pH, but can cause corrosion at an acidic
pH of 2–3 and at very high concentrations.13 It is extremely
unlikely that such an acidic pH would ever occur in DUWLs,
which suggests that corrosion may not be a problem. It has
been shown that the maintenance of the DUWL system can
be achieved either by ﬂushing with a disinfectant regularly
or by adding a low concentration of disinfectant to the
treatment water. However, the low concentrations of SPC
studied here were ineffective in reducing the bacterial
counts to <100 and even <200 c.f.u./ml as recommended
by European Union and American Dental Association,
respectively.14,15 This study has shown that continuous use
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of 5 p.p.m. concentration of ClO2 was effective in killing
pathogenic bacteria present in the form of bioﬁlm on the
DUWLs and this concentration is acceptable in the treatment
water. EPA and Centers for Disease Control and Prevention
(CDC) allow 8 p.p.m. ClO2 in drinking water.16 Therefore,
5 p.p.m. ClO2 may be safely used to continuously disinfect
the DUWL tubes and water during dental operations.
Addition of disinfectant into the treatment water is easy and
less time-consuming.
One of the limitations of this study is that actual dental chair
units were not used. However, an artiﬁcial pump system was
created to simulate the DUWL system, as also shown by
Spratt et al.17 In this simulated system, mixed-culture bioﬁlms of
three common pathogens were grown and decontaminated
successfully, validating the results. However, further research
is required to test this product in the DUWLs to establish its
in situ and long-term efﬁcacy. One of the limitations of in situ
studies, however, is that the output water is usually tested,
which contains only a fraction of bacteria detached from
the bioﬁlm. The number of challenged bacteria is important,
and in in vitro studies at least known quantities of bacteria
including pathogens can be challenged, which is perhaps
more representative of the clinical setting.

Conclusion
This study has shown that 5 p.p.m. ClO2 can kill 99.95%
of mixed-culture bioﬁlm grown in vitro on the sections of the
DUWL tubing and it is potable at this concentration, therefore
has the potential to be used as a disinfectant in these lines
and to be used in the treatment water. Further research is
required to assess the DUWL disinfectant efﬁcacy of ClO2
in a normal clinical setting and to ascertain whether it might
result in adverse corrosion of dental surgery equipment.
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Teeth that have been affected by extensive wear or a genetic disorder can be
successfully restored with adhesively bonded all-ceramic restorations. The following
article summarizes the outcomes of a series of complex clinical cases. Two different
groups of patients require the rehabilitation of impaired full dentitions:
1. Patients whose teeth show extensive erosion, abrasion or attrition caused by their
diet (e.g. consumption of energy drinks) and/or overuse (e.g. grinding)
2. Patients who have a genetic disorder that affects the tooth structure and the
composition of the tooth enamel (e.g. amelogenesis imperfecta, AI) (Figures 1 to 3)
Patients in the first group usually start experiencing problems (e.g. pain and
compromised esthetics) in their forties and fifties. The teeth become shorter and look
yellowish; parts of the existing tooth structure become fragile and a loss of vertical
dimension occurs. Patients with a genetic enamel defect generally require treatment
when they are in their teens. Today’s advanced all-ceramic and adhesive systems
allow minimally invasive tooth preparation and they produce durable, functional and
esthetic restorations.
Before treating patients with dental erosion, it is important to obtain their full medical
history (e.g. bulimia nervosa or reflux disease) and find out about their eating habits.
If possible their general practitioner should also be involved in the treatment. If the
patient is experiencing functional problems, these should be addressed in a pretreatment phase. In patients with a congenital defect of the tooth structure, a thorough
clinical and radiological examination is of utmost importance, since in addition to
the enamel defects (Figures 4 and 5), these individuals may also suffer from follicular
cysts, abnormal tooth eruption, retained or impacted teeth, an open bite or dental
pulp calcification (Figures 6 to 8). The disorder is furthermore associated with gingival
and periodontal disease. This must be taken into consideration in the preliminary
treatment of hypomineralized and hypocalcified enamel. Depending on the severity of
the impairment of the enamel formation, an adhesive bond may be much weaker than
it would be on healthy enamel. As a result, the adhesive bond must be generated in
the dentin in most cases (Figure. 9).
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Figures 1 - 3: Three phenotypes of the autosomal dominant inherited amelogenesis imperfecta in the anterior teeth of three sisters

4

5

Figures 4 & 5: The posterior teeth of AI patients also show different types of enamel defects. The enamel layer may be missing entirely.

At present, no guidelines or scientific reports of an
evidence-based protocol are available for the treatment
of patients with AI. In a long-term study conducted at the
Tübingen University Hospital, we identified the type of
complications which could arise with adhesively placed
all-ceramic single-tooth restorations in the mentioned patient
groups.

Data base and examinations
For our study, we selected patients who regularly attended
the recall appointments and who had been treated as
follows:
Single-tooth restorations (crowns, partial crowns) made
of silicate (Si) or lithium disilicate ceramic (LiDi) had been
placed with an adhesive composite. Table 1 contains a list

Table 1 — Overview of materials used
Group

Name		

Manufacturer 		

Other characteristics
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Figures 6 & 7: The entire crown of tooth 23 is missing (Fig. 6). The bitewing radiograph (Fig. 7) shows
normally formed dentin: parts of it are bare, while other parts are covered with only a thin layer of enamel.

Figure 8: The panoramic radiograph shows a severe form of AI. None of the teeth show any enamel
coverage.

of the materials used.
The patients had lost a maximum of four teeth. The
missing teeth were replaced with not more than a threeunit all-ceramic bridge or a single-tooth implant with an
all-ceramic crown. The patients whose vertical dimension
of occlusal had to be opened by more than 4 mm were
given an occlusal appliance which they had to wear 24/7
for at least four months before the treatment. The rapid
developments in the field of all-ceramic materials continue
to open up new treatment modalities. Initially, however,
feldspathic and leucite-reinforced silicate ceramics were
copy-milled to produce esthetic single crowns, which
could be used in posterior teeth and were placed with the
adhesive technique.

A clinical check-up program was initiated in order to
monitor the quality of the treatment results. Therefore, the
tooth status, periodontal probing depth and papillary
bleeding index as well as the quality of all the restorations
were annually assessed and classified according to the
Ryge criteria. Irreparable fractures, tooth loss and deep
probing depths were classified as “absolute failures”. If the
quality of a restoration was deemed to be compromised,
but a new restoration was not justified, it was classified as
a “relative failure” (e.g. chipping, cracking of the ceramic).

Patients, observations and results
The study involved 17 patients between the ages of 12 and
69 (at the time of the restoration placement) and a total of
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10
Figure 9: In many cases, the dentin
colour deviates considerably from
the norm. It is therefore important to
select the correct tooth shade for an
esthetic outcome of the monolithic
crowns.

11

Figure 10: Grade 3 chipping of an IPS Empress II anterior crown after 16 years. The
restoration was repaired by adhesively bonding the fragment in place again.
Figure 11: Classical fracture of a molar crown (in this case Celay silicate ceramic,
Vita Zahnfabrik) after 14 years. The crown was completely removed and a new restoration
was placed after minimal preparation.

450 restorations (Table 1 – QR code). Nine of the patients
suffered from some form of AI. The patients were observed
over a period of maximum 17 years. During this time, the
following complications occurred in 44 restorations (10 %)
in 11 patients (65 %):
• Eleven of the 44 restorations were classified as “absolute
failures”, which translates to an overall survival rate of 99.8
% after three years and 91.4 % after ten years. No significant

differences were noted between patients with or without AI.
• Thirty-three of the “relative failures” were caused by
chipping (25). It is interesting to note that 11 of the “chipoffs” were recorded in one patient alone. Despite the
observed complications, the success rate was 95.7 % after
three years and 81.4 % after ten years. A statistically relevant
difference was noted between patients with and without AI.
The success rate of patients with AI was significantly higher.

Figure 12: Photo of the restorations placed in the patient shown in Figure 2 after five years of service.
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Table 2 — Overview of all restorations placed, their observation period and material groups, assigned to the
respective patient.

Pat#(AI?)

Age at the
time of
treatment

Observation
period
(months)

Crowns
Lithium disilicate
ceramic

Discussion
The long-term performance of the different materials shown
in Table 1 and 2 was assessed on the basis of adhesively
bonded single-tooth restorations. During an observation
period of ten years, we found that fractures of singletooth silicate ceramic restorations were spread over the
entire length of time (Figures 10 and 11), whereas lithium
disilicate crown failures tended to occur towards the end
of it. These results are comparable to those in the literature.
Nevertheless, it must be noted that even though the number

Silicate
ceramics

Partial crowns
Lithium disilicate
ceramic

Bridges

Total number
of restorations

of restorations involved in our study was high, the number of
patients was relatively low. Consequently, our findings are
limited in terms of their validity. However, they do allow us
to identify certain trends.
Molar restorations fractured most frequently: after about
five years of service and primarily in patients whose vertical
dimension had not been opened. The type of material
used may have been responsible for the fractures or the
restorations may have been too thin. We were surprised by
the fact that the patients with AI had fewer complications
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than the patients without AI. We had assumed that
their restorations would not perform as well due to the
“unfavourable” conditions for the adhesive bond. Age may
have played a role in this finding, since the patients with AI
were about 24 years younger on average compared with
the other subjects. In addition, the results of the AI patients
showed that adhesive all-ceramic restorations do not cause
any endodontic problems. Therefore, they can be classified
as a long-term treatment option. Nonetheless, the teeth
of patients with AI require circumferential preparation to
prevent any weak areas such as cement lines and to restore
the function and anatomy of the teeth.

Summary
Adhesively cemented all-ceramic single-tooth restorations
achieve excellent clinical results irrespective of the initial
situation (Figure. 12). However, patients with a history of
functional problems are expected to have a higher rate
of technical complications. Overall, it is likely that about
two in one hundred crowns every year will show some
sort of complication after five to ten years of service and
that primarily restorations in molars will fracture. Therefore,
we recommend at least one check-up per year in order to
treat any complications as early as possible and therefore
minimize the risk of failure.

Annotation
The present results were previously published in the
following article: Klink A, Groten M, Huettig F; Complete
rehabilitation of compromised full dentitions with adhesively
bonded all-ceramic single-tooth restorations: Long-term
outcome in patients with and without amelogenesis
imperfecta. J Dent. 2018 Mar;70:51-58. doi: 10.1016/j.
jdent.2017.12.011. Epub 2017 Dec 21.
Reprinted with permission by Reflect 01/2020
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For decades now we have been observing a rise in the desire among patients for
aesthetic improvements to their smiles. A multidisciplinary treatment makes it possible
to achieve a harmonious and healthy smile by adapting the shape, colour, size and
positioning of the teeth on the basis of facial parameters. Thanks to scientific progress
overall and advances in the materials and techniques used, it is now possible to effect
such changes with less invasive procedures. One such treatment technique is ceramic
veneers (Belser et al., 1997; Radz, 2011; Rotoli et al., 2013).
The production of veneers begins with minimal preparation of the tooth in such a
way that as much healthy dental hard tissue as possible is preserved on the one hand
and changes to the shape and even small changes to the colour of the tooth are
possible on the other. This novel concept was introduced under the term “minimally
invasive dentistry” (Radz, 2011).
The material most commonly employed in the production of ceramic veneers is
lithium disilicate-based ceramic, which displays good mechanical properties thanks to
its resilience, offers excellent visual properties thanks to its ability to reproduce natural
tooth characteristics well and is also bio-compatible with the neighbouring oral tissues
(Chen et al., 2018; Palla et al., 2018; Zhi et al., 2016).
Composite-based blocks are also used to produce indirect restorations with the aid of
CAD / CAM technology. During the production process, they are exposed to heat and
pressure for polymerisation and, as a result, display superior mechanical properties in
comparison with direct composite restorations (Mainjot et al., 2016). In terms of their
modulus of elasticity and strength, the composite-based CAD / CAM blocks achieve
values similar to those of natural tooth substance, i.e., enamel and dentine. These
properties can be controlled by the percentage of resin matrix in the constituents of the
blocks. In addition, this material displays greater resistance to fatigue compared with
ceramics (Alamoush et al., 2018; Magne et al., 2010), and such properties make this
material an excellent choice for durable, indirect restorations. Grandio blocs (VOCO
GmbH, Cuxhaven, Germany) is an example of a hybrid ceramic block for CAD /
CAM systems – it is a nano-ceramic hybrid material containing 86 % inorganic fillers
in a polymer matrix. The composite systems for CAD / CAM are indicated for the
indirect production of permanent single-tooth restorations such as inlays, onlays, full
crowns and veneers.
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Figure 1: Portrait photo before and after treatment.

Figure 2: Close-up of smile before and after treatment.

Figure 3: Digital smile design.

Alongside the mechanical advantages, the composite
blocks also offer the possibility of shade adaptation directly
after the milling process without any need for additional
crystallisation, as is the case with ceramic blocks. This
represents another advantage of this production technique
(Allen et al.). A further interesting factor worthy of note when
these blocks are used is that, compared with ceramics, the
margins of the restoration do not display any microcracks
and are more homogeneous (Tsitrou et al., 2007). The
restorations produced using composite-based materials are
easier to repair intraorally if and as required, if necessary by
freshening up the area, silanising the restoration afterwards,
applying an adhesive system and performing the repair
directly with the composite (Tsitrou et al., 2010).
This clinical case thus aims to illustrate the possibility for
using CAD / CAM technology and composite-based blocks
for the indirect restoration of anterior teeth.

Case report
A 50-year-old patient presented in the clinic of the
university project Construindo Sorrisos Confiantes (Building
Confident Smiles) run by the Department of Dental Materials
and Prosthetics at the Institute for Science and Technology
at the Federal University of São Paulo in São José dos
Campos, Brazil. The patient was unhappy with his smile
and particularly did not like the gaps between his teeth or
their shade. In the first session, the patient’s medical history
was recorded, a clinical examination performed and
photographs taken for the purpose of the diagnosis and
subsequent treatment planning (Fig.1, Fig. 2).
The examinations revealed that the patient was in good
general health and maintained good oral hygiene without
any systematic conditions which might affect and / or
hinder dental treatment.
The extraoral photographs, comprising a front portrait

VOL.10, NO. 3 INTERNATIONAL DENTISTRY – AFRICAN EDITION 33

D A S I LV A / D E S O U Z A A N D R A D E

Figure 4: Mock-up.

Figure 5: Preparation on the mock-up.

photograph with lip retractor and forced smile, 45º from the
side and a photograph in the 12 o’clock position, and the
intraoral photographs, comprising a close-up of the smile,
maximal intercuspidation with lip retainers and the maxillary
teeth against a black background, were taken prior to the
start of treatment (Fig. 3). This was followed by 2D digital
smile design (DSD) using the diagnostic photographs,
based on the main problem and with the aim of resolving it.
The ideal smile was constructed on the basis of the patient’s
facial features and the function of the stomatognathic system.
The parameters employed when designing the smile were
the smile line and the position of the lips, the gingival zenith,
tooth proportions, the face format and the increase in size
in accordance with the principles of the RED correlations
(Stanley et al., 2018). Once the final 2D smile design was
complete, the data were sent along with the patient’s models
to the dental laboratory for production of a diagnostic waxup for the patient.
The model with the diagnostic wax-up was then used
to produce a silicone impression, which replicates the
proposed new dental anatomy and allows production of
a mock-up on the patient’s teeth without the need for any
tooth preparation, solely with the aim of simulating the
proposed aesthetic restoration for the patient. The dentist
uses this simulation to analyse the aesthetics and function
for the case in question and either recommends or rejects
the plan. In addition, the trying-in of the mock-up is ideal for
giving the patient an idea of how the proposed aesthetic
restoration will look and building up his confidence in the
planned treatment.
The mock-up is made using bis-acrylic, which boasts
material characteristics such as low heat emission during the
polymerisation reaction. It also reproduces the shape of the

tooth copied using the silicone tray well and has a similar
colour to natural dental tissue. The Structur 2 bis-acrylic
composite (VOCO GmbH) was used. It was introduced
into a silicone tray with the tip of the mixing tip always in the
deepest part of the impression so as to avoid air bubbles.
Once filled, the tray was inserted into the patient’s mouth
and the excess material removed during the early stages of
the polymerisation. The material was then allowed to cure
completely. Once fully polymerised, the silicone tray was
removed from the patient’s mouth and the surface of the
finished mock-up wiped with a piece of gauze soaked in
alcohol in order to remove any remaining monomer (Fig. 4).
Once the patient and dentist were both satisfied with
the completed planning, a treatment plan for attaining the
treatment goal described in the first phase was submitted
to the patient. The following treatment was proposed to the
patient: tooth whitening to achieve a homogeneous tooth
shade and production of veneers made from hybrid blocks
(Grandio blocs – VOCO GmbH) for six teeth from tooth 13
to 23 in order to redesign the shape of the teeth.
The technique proposed by Kern & Ahlers (2015) was
used as a reference for the preparation of the teeth, with
the mock-up serving as a guide for removal of the dental
substance. A 4141 grinding bur (KG Sorensen, Cotia,
Brazil), characterised by diamond-coated rings, was used
to carve reference grooves into the vestibular surfaces of
the respective teeth, taking into consideration the incline
of the tooth in each third, and an approximately 0.5 mm
thick layer of substance removed from mesial to distal. An
extra-fine 3145FF diamond bur was then used to remove
a second layer of substance from each vestibular surface
until the groove placed during the first step was levelled out.
The preparation was completed with an extra-fine 3203FF
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Figure 6: Dry try-in.

Figure 7: Application of Ceramic Bond on veneers.

diamond bur, with the cervical and proximal preparation
margins being defined so as to achieve better marginal
integrity for the respective veneers and determine the exact
size of the veneers (Fig. 5).
The impression was taken in the same treatment session
following the preparation and a single #000 knitted cord
(Ultrapak – Ultradent Products Inc., South Jordan, USA) used
for the gingival retraction in advance. The cord was soaked
in a little haemostatic solution and placed into the gingival
sulcus. The impression was performed in two stages with
an addition-curing silicone (Virtual – Ivoclar Vivadent AG,
Schaan, Liechtenstein). The DSD planning and the model
were sent to the laboratory as references and for the
production of the restorations.
For insertion of the restorations, a dry try-in was performed
in the mouth in advance in order to assess the marginal
integrity and final position of the veneers and make any
proximal adjustments if and as necessary (Fig. 6). The
interior sides of the veneers were produced in the following

way in accordance with the manufacturer’s specifications:
sandblasting with aluminium oxide (25-50 µm), followed by
cleaning of the pieces in an ultrasound bath for 5 minutes.
The surface was then treated with the bonding agent
Ceramic Bond (VOCO GmbH) (Fig. 7): an applicator
brush was used to apply the agent to the interior sides of
the veneers before it was allowed to work for 60 seconds
and then dried quickly with compressed air. The teeth were
pretreated with 37% phosphoric acid for 30 seconds as
the preparation of the teeth occurred exclusively in the
enamel, then rinsed thoroughly with air and water and dried
with compressed air. The adhesive Futurabond U (VOCO
GmbH) was applied to the tooth surface and massaged in
for 20 seconds, followed by removal of the excess material
with a fine suction device and light stream of air (Fig. 8).
Following the preparation of the veneers and the teeth,
the next step was the final insertion of the composite. The
dual-curing composite-based luting system Bifix QM (VOCO
GmbH) was applied to the interior side of the veneers, the

Figure 8: Preparation of the teeth: 37% phosphoric acid for 30
seconds, apply Futurabond U and massage in for 20 seconds.

Figure 9: Removal of excess Bifix luting material.
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Figure 10: Removal of excess material with scalpel and polishing
with the Diamanto polishers.

Figure 11: The restoration on the model and in its final position
in the mouth.

veneers brought into their final position and a check for
excess material performed. Following removal of the excess
material with a brush, the material was light-cured for five
seconds to stabilise the veneers. With the restorations fixed
in this way, the next step was to remove the excess material
using dental floss on the proximal surface and a no. 11
scalpel on the cervical surface (Fig. 9).
This was followed by the final light curing for 40 seconds
on each side of the veneer. Once polymerisation was
complete, the remaining excess material was removed
using a periodontal curette and an interproximal saw. The
occlusion was then ground in on the basis of the markings
using occlusal articulating film (Accufilm – Parkell Inc.,
Edgewood, USA) on a holder in accordance with the
criteria for optimal occlusion with double-sided and even
contact and clearly defined guide surfaces.
Following the grinding, the veneers were finished and
polished using Diamanto diamond polishers (VOCO
GmbH), giving them their final smooth and lustrous surface
(Fig. 10).
The patient was instructed in the essential care and
monitoring of the restoration before being discharged with
the first follow-up appointment scheduled for 48 hours later.
After two follow-up sessions in which the marginal integrity,
possible excess material, occlusal contact points and oral
hygiene were assessed without any complaints, the patient
was briefed on the importance of maintaining good oral
hygiene and the requirement for a check-up every six months
and then permanently discharged (Fig. 11).

Conclusion
This case illustrates clearly that the CAD / CAM technique
is already a clinical reality and will soon become the only
practised means of producing indirect restorations. In
addition, we should take the use of alternatives to ceramic
materials, which have already established themselves
in the scientific literature, into consideration for aesthetic
restorations in the anterior region. The hybrid material
described displayed good aesthetic and mechanical
characteristics in this case, although further clinical studies
into the longevity of the material remain necessary.
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Highly esthetic results with a new
milling machine

Josef Kunkela

Introduction

Josef Kunkela, DMD, PhD, an
innovative and renowned dentist and
founder of the Kunkela Academy in
the Czech Republic

CEREC Primemill, Dentsply Sirona’s new milling machine, has taken chairside dental
restorations to the next level. Thanks to its state-of-the-art technology, a wide range of
restorations can now be manufactured faster, using a large variety of materials with
results that are very precise and particularly easy to achieve. As a clinical tester for
Dentsply Sirona, Dr Josef Kunkela had the opportunity to comprehensively evaluate the
new milling machine. The following is a description of his first experiences with CEREC
Primemill based on a patient case.
I have two essential requirements for digital restorative dentistry: I want to satisfy my
patients to the best of my ability for example by producing accurately fitting and very
esthetic restorations. I also want to retain complete control over the workflow. This is
exactly what CEREC has offered me for 13 years. It’s not just about switching from
conventional to digital impression taking, it’s about the entire process. With the right
workflow, I can work very efficiently. This is where CEREC Primemill takes us to a new
level. It is a machine that is simple to operate, works with a really fascinating speed
and yields high-quality results.
As a Beta tester of CEREC Primemill, I had the opportunity to follow the development
process. When this milling machine was set up in my practice, I immediately noticed
the new touch interface. In my opinion, it is a great feature to get information about
milling cycles and the right instrument recommendation for every procedure.
The second striking point is that the machine works very quietly and above all
quickly. CEREC Primemill only takes approximately five minutes using Super Fast
mode to fabricate a zirconia crown. In my practice, the assistant takes over the first
scan with the new CEREC Primescan. After I have examined the patient and made
the therapy decision (which restoration, which shade), the assistant can prepare the
CEREC Primemill. Meanwhile, I prepare the teeth to be restored and take the digital
impression with CEREC Primescan. The fabrication process then starts directly after the
design of the restoration, which is carried out by a dental technician in my affiliated
practice laboratory. I can fully concentrate on my work with the patient and on his
dental situation. This is efficient and very important for me.
Of course, a perfect workflow also requires the right quality. How useful is it to be
finished with everything in the shortest possible time if the restoration does not fit exactly
or is visually unattractive? This is where CEREC Primemill once again offers impressive
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Figure 1: Initial situation: The patient wants to have an esthetic
solution for her diastema.

results. The surface of the materials is extremely smooth and
the margins are very clearly defined.
From a clinical point of view, the following aspects convince
me above all else about CEREC: The entire scanning process,
including bite registration and preparation control, is very
simple. In addition, there are the advantages of the initial
scan: catalogue of beautiful natural smile, recycle patient
smile, family cross copy smile, gingiva mask over design
proposal model, index for direct restorations. If you are
going to fabricate a direct restoration of broken incisal edge
or corner and if you would like to use layering technique,
you benefit from having scanned the initial situation before
and from having made a silicone index according to the
3D printed model of patient’s natural dentition. And there
is greater patient convenience because of the reduction
of appointments for treatment and temporary restorations.
From an organizational and economic point of view, the
efficient workflow, the reduced number of appointments
and the ability to delegate many work steps are particularly
noteworthy. My experience shows that CEREC begins to
pay off at the reception desk when a well-trained assistant
plans the appointments and can explain the advantages of
this treatment method to the patient.
The most important thing is that CEREC Primescan and
CEREC Primemill work together to create a great setup
for everyday restorative dentistry. The CEREC system is
exceptionally versatile and allows us to freely scan, design
and switch from laboratory to chairside software according
to our requirements and the daily needs for different material
choices and workflows. The following case illustrates this.

Figure 2: This is the natural structure of the teeth we wanted to
adapt in the final restorations.

that uses the scanned anatomy to create a larger version
of the original while maintaining anatomical accuracy. It is
essential that the scanned anatomy is used for the restorations
that are to be fabricated. At the same time, it is possible to
build a custom tooth library in this way. This can be used for
future restorations. This initial scan also offers the possibility
to use the gingival mask as a reference for the emergence
profile when designing anterior restorations.
With regard to the patient’s youth, we opted for nonprep veneers for both the central and lateral anterior
teeth. We used the initial scan to make a mock-up of the
planned veneers in order to get a better idea of the final
treatment result. We sent this scan via the Case Connect
Center to our own laboratory where it was processed in
the inLab software 19. To further modify the initial proposal,
we used the aforementioned Biocopy Stretch Technique.
Subsequently, the virtual articulator was used to ensure
function in all jaw movements (protrusive and laterotrusive).
The mock-up was then milled from PMMA in an MC X5
(Dentsply Sirona). I prefer this method to others because
its distinct edge sharpness helps to avoid undercuts and
transitions in the final restorations, especially laterally. The

Case Study
A 23-year-old female patient came to my practice and
asked for an esthetic solution to her diastema and tremata.
The challenge was to preserve the natural surface structure
as much as possible. In this case we used the so-called
Biocopy Stretch Technique. It is a fairly simple technique

Figure 3: As there are different methods of copying natural
teeth shapes, we decided to categorize them into these three
categories of Biocopy.
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Figure 4: Face-Scan for setting up the occlusal plane and the patient’s midline.

Figure 6: Try-in of the milled mock-up veneers.
Figure 5: Mock-up design of the veneers in the inLab SW 19.

Figure 7: Export of the data into the CEREC SW 5.1.1 and final
design of the veneers.

PMMA veneers were then temporarily fixed with a small
amount of a flowable composite.
A few days later, the patient returned to the practice.
Depending on the degree of satisfaction, the veneers are
either re-shaped or used directly as a template for the final

restoration. In this case everything fit perfectly. We then
imported the data seamlessly from the inLab software into the
CEREC software in dxd-format. In the CEREC software, we
simply changed the material setting to composite block and
then fabricated the veneers in the new CEREC Primemill. In
doing so, we were able to achieve a high level of precision.
We used the fine mode because it is ideally suited for the
production of ultra-thin veneers.
In order to maintain the high transparency of her natural
teeth, the milled veneers were slightly cut back at the incisal
edge and constructed with the same restoration material as
the blocks used for milling. We then polished the surface
in a two-stage system and bonded it adhesively under a
rubber dam with composite. The result shows very natural
anatomy of the anterior teeth.

Summary
The CEREC system is exceptionally versatile in allowing
us to freely scan, design and switch from lab side to
chairside software and then mill or grind a restoration in
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Figure 8: Milling-preview.

Figure 9: Milled veneer in detail.

Figure 10: Inserting the veneers using rubber dam for perfectly
dry luting surface.

Figure 11: Close-up of the veneer surface which shows the good
adaptation of the natural surface of the teeth.

the extraordinarily precise and accurate CEREC Primemill.
Capturing the patient’s initial situation, position, shape and
surface structure for potential future reference, which can
also serve as donor anatomies for other patients, will serve

more and more purposes not just in dental prosthetics but
also for the manufacturing of 3D models and silicone keys,
which are then used for layering restorative materials, digital
implantology or dentures.

Figure 12: Photo of the restorations placed in the patient shown in Figure 2 after five
years of service.
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Advanced concepts. Guided reduction
for crowns and bridges.

Attilio Sommella1

Abstract
The aim of the present article is to propose a new clinical procedure for guided dental reduction during
preparation using depth markers named “AS Classic depth markers” and “AS-micro depth markers”. The
proposed clinical procedure applies for the first time an objective numerical value to tooth preparation,
thus making it standardized and reproducible. This way, all the basic principles of tooth preparation and
minimal invasiveness would be respected.

Keywords
Minimal invasiveness, calibrated tooth reduction, AS depth marker, AS-micro depth marker, fixed
prosthodontics, orientation grooves, guided dental preparation, guided tooth reduction.

Introduction

Attilio Sommella, Dr DT
Dental Laboratory Technician,
Dental Creation snc,
Naples, Italy

1

Email: somenic66@gmail.com
www.dentalcreationsnc.com

Tooth preparation is an irreversible procedure during which the clinical crown
is reduced in volume in its three dimensions (height, width, depth) and turned into
a prosthetic abutment. Due to its irreversible nature, this procedure requires great
attention and manual dexterity.
Biologic tissue preservation (enamel, dentin and root cement) should be the first
goal of prosthodontic specialists. As many studies highlighted, this aspect should be
balanced out with retention and stability principles as well as the materials used.
We are hereby proposing a novel procedure for tooth preparation in crowns and
bridges.
Clinical steps:
1. Occlusal reduction with AS-micro depth markers;
2. Buccal and palatal/lingual orientation grooves with AS Classic depth markers;
3. Axial supra-equatorial reduction;
4. Interproximal separation;
5. Axial sub-equatorial reduction;
6. Polishing and finishing of tooth preparation.

44 INTERNATIONAL DENTISTRY – AFRICAN EDITION VOL.10, NO. 3

CLINICAL

Figure 1: AS- micro markers.

Figure 2: Extracted natural tooth.

Figure 3: AS-micro markers design and dimensions.

Figure 4: Separation along the long axis of the tooth.

Figure 5: Separated tooth in the laboratory.

Figure 6: AS-micro markers kit includes 3 cut dimensions:
0,5mm, 1mm and 1,5mm.

Figures 7 & 8: Summary of the minimally-invasive cutting technique using AS-micro and AS-Classic depth markers.

Technique Description

Figure 9: Using a cutting instrument, the corono-apical tooth
reduction will be carried out by following the orientation of the
internal triangular ridges.

The present technique will allow clinicians to carry out a
reproducible and standardized procedure, based on
geometrical principles.
In fact, the innovation has been allowed thanks to the
novel “AS-micro depth markers” (Figures 1-9) to be used in
conjunction with “AS depth markers Classic” for the guided
tooth reduction of molars.
AS-micro depth markers should be used first in order to
define the depth cut chosen in specific areas (e.g. primary
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Figure 10: Step-by-step illustration of the technique.

Figures 11 & 12: AS-micro markers will cut in the landmark points identified.

Figures 13 = 15: Micrometric control of both cut depth and angulation. Tooth reduction is carried out with a rounded bur (green
ring) by following the depth cut previously identified with AS-micro markers.

Figure 16: A 1 mm AS-Classic marker will
be used to cut the buccal and palatal/
lingual surfaces in specific areas.

Figures 17 & 18: By using a pointed green ring bur, we will reduce residual dental
anatomy until reaching the depth identified by As markers.

and secondary fossae, cusps, center of every internal
triangular ridge, in occluso-buccal and occluso-palatallingual grooves), particularly paying attention to mark the
same depth at the center of the mesial and distal marginal
ridges.
Due to its reduced and streamlined dimensions, the depth
marker will easily fit into the narrow spaces of the fossae,
thus marking the desired depth right where the most apical
point of occlusal reduction will stand (Figures 10-12).
The reduction cut will be then carried out with a rounded
cylindrical diamond bur (green ring) by joining the buccal
and palatal points A-B-C with the centro-occusal points A1B1-C1-D-D1 (Figures 13-15). Afterwards, AS Classic depth

markers will be used for a circumferential reduction by
marking the depth cut and then by carrying out a reductional
cut until reaching the chosen depth. This reduction will
include the tooth area between the most coronal point of
the newly-created cusp and tooth equator (Figures 16-18).
While using this technique, clinicians can choose
whichever finish line they prefer (Figures 19-22); moreover
after the first cut, a diamond bur (red ring) will smooth all
surface roughness of the tooth preparation (Figures 23,24).

Conclusion
Depth cut identification and cut direction have always been
two crucial issues in dental preparation techniques. The
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Figure 19: The cervico-axial
reduction will be completed
along the long prosthetic axis
identified.

Figures 20 - 22: Any finish line could be chosen after using these novel depth markers.

Figure 23: AS Preparation technique and As depth markers will
allow clinicians to create a circumferential tooth preparation
according to a mathematical/geometrical concept, thus
reducing sensitivity operator.

Figure 24: Image summarizing the work-flow for a calibrated
tooth reduction.

proposed technique is the first one to date to provide tooth
preparation with “solid numeric values” as well as to assist
the clinician in carrying out a geometrically-assisted cut, thus
minimizing irreversible damage to dental structure.
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Figure 25: The AS Depth Marker kit (HORICO, Berlin, Germany)
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CPD QUESTIONNAIRE 10.3.1
Article: Aesthetic two stage crown lengthening for altered passive
eruption: A 25-year case report and review.
Van Zyl & Snyman, page 6

Article: Aesthetic two stage crown lengthening for altered
passive eruption: A 25-year case report and review.
Van Zyl & Snyman, page 6

1. What is the reported prevalence of delayed passive eruption in South
Africa?
a 19%
b 21%
c 12%
d 9.5%

6.
a
b
c
d

2. What is the proposed treatment for Altered Passive Eruption type 1A?
a Osteoplasty followed by gingivectomy b Gingivoplasty
c Gingivectomy
d Osteoplasty only
3. Is it always necessary for the 2nd stage surgery, in a two-stage crown
lengthening approach?
a It depends on the bleeding risk of patient
b Only if the dental technician requires it
c No, most often not necessary
d Yes, that is why it is called two stage
4. What is the physiological function of the supracrestal attached tissues?
a It gives the firmness to gingiva to protect against bacteria
b Provides a protective barrier for the alveolar bone and the neuro-vascular
structures
c Provides a protective barrier for the periodontal ligament and supporting
alveolar bone
d Provides a protective barrier for the gingiva and the alveolar bone
5. The dento-gingival complex is composed of the connective tissue 		
attachment, junctional epithelium and _____?
a Cementum
b Alveolar bone
c Sulcus depth
d Periodontal pocket

Can gingival phenotype be modified by clinical intervention?
No, it is determined by genetics only
Yes, but only in identical twins
Yes, it can
Not, it is impossible

7. Name two methods which can be utilized to measure the dimension
of the dento-gingival complex?
a Intra-oral radiography can be used b Soft tissue CBCT and bone sounding
c CBCT and clinical imaging
d Soft tissue CBCT and gingival sounding
8. What is the suggested distance between bone crest and planned 		
gingival margin after crown lengthening?
a 5-6 mm
b 2 mm in more than 90% of cases
c ≥ 3mm
d Between 2-3mm
9. Is soft tissue removed during the first stage of a two-stage crown 		
lengthening approach?
a Yes, but only in a limited manner
b No, only the bone
c Yes, it is the first stage before bone removal
d Yes, bone and soft tissue need to be contoured
10. With regards to Altered Passive Eruption subgroup A, where is the 		
alveolar bone crest located?
a 1-3mm coronal to cemento-enamel junction
b 1-3mm apical to cemento-enamel junction
c At the cemento-enamel junction
d Can be above or below the cemento-enamel junction

CPD QUESTIONNAIRE 10.3.2
Article: All-ceramic single-tooth restorations for treating
damaged dental enamel: Long-term results in patients with
and without amelogenesis imperfecta. Klink et al, page 24

Article: The efficacy of disinfectants in the decontamination of dental
unit water lines: an in vitro laboratory study. Patel et al, page 16
11. Which statement is correct: Contamination of DUWLs becomes a
potential source of infection for:
a Dental health-care personnel
b Immunocompromised patients
c Neither of the above
d Both of the above

16. Amelogenesis imperfecta is caused by:
a Extensive erosion
b A genetic disorder that affects the tooth structure and the 		
composition of the tooth enamel
c Grinding

12. Which chemicals have shown to be efficacious in ensuring
decontamination of DUWL output water:
a Hydrogen peroxide
b Sodium perborate
c Sodium percarbonate
d None of the above
e All of the above

17. What are the main causes of dental erosion?
a Diet
b Reflux disease
c Bulimia nervosa
d None of the above
d All of the above

13. Which of the Enterococcus species was used in the study:
a Enterococcus faecium
b Enterococcus durans
c Enterococcus faecalis

18. In the study described, the patients had lost a maximum of how
many teeth?
a 5
b 4
c 3

14. Which statement is correct: In the mixed-culture biofilm pump experiments
a SPC did not prove any different from water
b SPC proved to be better than water
c Both the concentrations of ClO2 did not prove any different from water

19. Patients in the group with irreparable fractures, tooth loss and
deep probing depths were classified as:
a Relative failures
b Absolute failures
c Neither of the above

15. The study described showed that continuous use of which concentration
of CIO2 was effective in killing pathogenic bacteria present in the form
of biofilm on the DUWLs:
a 8 p.p.m.
b 5 p.p.m.
c 3 p.p.m.

20. Which statement is correct: During an observation period of ten
years, it was found that:
a Lithium disilicate crown failures were spread over the entire length of
the period
b Fractures of single-tooth tended to occur towards the end
c Lithium disilicate crown failures tended to occur towards the end
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