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1 | INTRODUCTION

Amelogenesis imperfecta (AI) is a pathology caused by
a heterogeneous group of genetic mutations affecting
tooth enamel during odontogenesis and causing different
forms of hypoplasia and hypomineralization.' It gener-
ally affects every tooth of the two dentitions with a great
variability of phenotypic expression and can be isolated
or syndromic.” It is also associated with impacted teeth
and anomalies in tooth eruption, congenitally missing
teeth, pulp calcification, root and coronal resorption,
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Treatment of patients with amelogenesis imperfecta extends over many years,
from childhood to early adulthood. Their management at any age is complex and
has to be adapted in relation to therapies validated in the general population.

amelogenesis imperfecta, CAD-CAM, dentistry, full-mouth rehabilitation, prosthodontics, rare

hypercementosis, root malformation, and taurodontism.>
In some severe cases, permanent sensitivities and un-
usual aesthetic aspects have a major impact on the pa-
tient's daily life.*

Al cases commonly prove to be complex and require
interdisciplinary patient care to manage the different as-
pects of the disease.”'° In particular, conservative, pros-
thetic and orthodontic treatment should be conducted
together. A decrease in the occlusal vertical dimension
(VDO) is often observed due to quick wear and deteriora-
tion of the dental structure.™
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However, each case is unique. Only a few case reports
of AI rehabilitation have been reported, and even fewer
report significant follow-up.'*"> These cases mainly de-
scribe definitive rehabilitation when the patient is already
an adult or young adult.

One of the main issues of rehabilitation is certainly the
quality of adhesion obtained on altered enamel. The den-
tal treatment of patients with AI can present challenges
related to adhesive bonding due to qualitative enamel
composition changes, resulting in weakened enamel-resin
bonds, depending on the AI phenotype.'®

The aim of this paper was to report the 12-year man-
agement of an Al patient from a transitional phase in
childhood to permanent dentition therapeutics in early
adulthood. It describes interdisciplinary work, includ-
ing pediatric dentistry, orthodontics, and prosthetic full-
mouth definitive rehabilitation, with an increased VDO.
Most of this treatment was carried out chairside. We also
included a deep reflection on the adhesive problem.

2 | CASE HISTORY

2.1 | Childhood
A 9-year-old female patient in good health was referred by
her dentist to Bretonneau Hospital (AP-HP, Paris) in 2011
for global dental care. The patient related that severe sen-
sitivities were triggered by the slightest thermic stimuli,
which complicated daily basic activities, such as drinking
water or brushing teeth. She complained about the aes-
thetic aspect of her smile, which was very different from
that of her fellow pupils and for which she get bullied.
The diagnosis of hypocalcified AI was made in 2011 by
the pediatric dentistry team and was based on clinical fac-
tors without any molecular diagnosis. All the permanent
teeth had erupted, except the second permanent molars,
and presented both qualitative and quantitative impair-
ments of enamel. This yellow-brown enamel flaked and

exposed the underlying dentin in many areas (Figure 1A).
The gingival phenotype was thin, and the impossibility for
the patient to effectively brush her teeth led to substantial
plaque accumulation with gingivitis, and many early cari-
ous lesions. The DFMT index was 8-0-0=38.

A substantial anterior open bite was associated with a
bilateral skeletal class II occlusion and tongue thrust.

The initial orthopantomogram showed that tooth 23
was impacted and that the enamel had the same radiopac-
ity as the dentin (Figure 2).

The transitional therapy must ensure an adequate
aesthetic and functional result until the end of skeletal
growth when the definitive restorations can be placed.

Anterior teeth were restored with composite resin (A2
Ceram.X Mono, Dentsply-Sirona, York, PA) and celluloid
strip crowns were inserted (Figure 1B) using the classi-
cal adhesive protocol. Posterior teeth were restored with
cemented stainless-steel crowns (SSCs). The whole treat-
ment lasted 8 months.

To start to manage the open bite and tongue thrust, an
orthopedic interception device was introduced for 2years
from 2011 to 2013 (Figure 1C). The patient was seen every
year for follow-up, composite reparation or SSC placement
on recently erupted teeth. From 2015 to 2018, the patient
was lost to follow-up.

2.2 | Orthodontics

The patient returned to the hospital in 2018 for a check-
up, and orthodontic, treatment was initiated to meet the
patient's aesthetic demands and objective functional con-
siderations. The patient wore braces for 1 year (2018-2019)
to correct the class IT occlusion and open bite (Figure 3).
However, the class II occlusion was only partially cor-
rected. At the same time she underwent tongue rehabili-
tation with a physiotherapist to remove the tongue thrust.
The space between teeth 22 and 24 was partially closed.
Orthodontic traction accentuated a type I Cairo recession

FIGURE 1 First consult, intraoral view of maximal intercuspal occlusion (A); composite bonding with strip crowns (B); orthopedic

interception with tongue positioner (C), 2011.
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on tooth 41 (Figure 3B), and severe gingivitis remained.
An orthodontic retainer was bonded from canine to ca-
nine to keep the teeth in place.

3 | METHODS
In April 2020, the definitive restoration treatment was
performed. The patient was 19years old.

During the first consultation with the restorative den-
tistry team (Figures 3B and 4), we observed maladjusted
restorations and porous apparent enamel at the neck of
the teeth, which appeared secondarily after natural com-
plete eruption of the teeth. Teeth 17 and 47 (Figure 5) 38
and 48 were impacted and extracted at an early stage of
this treatment. Tooth 23 (Figure 5), on the other hand,
was left impacted; at the time, the patient did not want to
undergo such an invasive intervention. Choice was made
to leave the maxillary third molar impacted as well, as it
would be easier to extract them later when they would
continue their eruption.

Tooth 27 was completely erupted, whereas tooth 37,
partially erupted, seemed to be pursuing its evolution on
the successive orthopantomogram and was treated with

FIGURE 2 Orthopantomogram, first consult at the Hospital in
2011. Enamel is less opaque than the dentin. Tooth 23 is impacted.
Several malpositions are observed.
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fluoride regularly to prevent sensitivities (Fluor Protector,
Ivoclar, Schaan, Liechtenstein) until an effective resto-
ration could be placed.

We observed diastemas between teeth 13-14, 43-44
(Figure 4G) 34-35, and 22-24 (Figure 4F). The overall as-
pect of the smile was harmonious. The maxillary interin-
cisal point deviated 2 mm to the left and was not perfectly
vertical but rather slightly oblique to the right. The man-
dibular interincisal point deviated 1 mm to the right. We
observed 70% exposure of the maxillary incisors and 100%
exposure of the mandibular incisors (Figure 4B), narrow
buccal corridors, an inverted incisal line, and an uneven
maxillary cervical line, notably significantly lower in the
posterior area. However, this maxillary cervical line re-
mained covered during a natural smile and was not mod-
ified. We observed parallelism between the incisal edge of
the maxillary incisors and the lower lip, and the depth of
the smile stopped at the second premolar. The occluso-
functional analysis in static conditions revealed a bilateral
class II occlusion with an overjet increase of 4 mm, nor-
mal overbite and reduced crown height in the posterior
region, particularly in sector 2 (Figure 4F), leading to a
reduced VDO.

The kinetic examination highlighted a straight mouth
opening with repetitive occlusion on maximum intercus-
pation. The anterior guidance was primarily carried by the
lateral incisors.

The patient was referred for genotyping. A heterozy-
gous mutation of the FAM83H gene (NM_198488) was
found.

After oral hygiene instructions were given to the pa-
tient and management of plaque control was performed,
a thorough clinical and radiographic examination allowed
us to determine a 3mm increase in VDO. This measure
corresponded to the minimum increase to provide ade-
quate occlusal space for the restorative material and to im-
prove anterior teeth aesthetics by reducing the overjet. A
mandibular and maxillary wax-up were performed by the
dental technician, respecting the requirements of VDO in-
crease and aesthetics considerations discussed with the pa-
tient. The wax-up was milled out of PMMA (Multistratum

FIGURE 3 Before orthodontic treatment. Intraoral view of maximal intercuspal occlusion, overbite and tongue thrust (A); after

orthodontic treatment (B).
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FIGURE 4 First consult with the restorative dentistry team. Extraoral front view at rest (A); extraoral front view with natural smile
(B); extraoral profile view with natural smile (C); intraoral mandibular view with SSCs on molars and composite resin on other teeth (D);
maxillary view (E); intraoral left profile view, overjet increased by 4 mm, normal overbite and reduced crown height in the posterior region,
Class II occlusion (F); intraoral right profile view, class II occlusion (G).

FIGURE 5 Radiographic examination. Maladjusted crowns, impacted canine (23) and endodontic treatment on tooth 12 are observed.
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Flexible, Zirkonzahn, Gais, Italy) and transferred into
the mouth as mock-ups during a trial appointment. The
patient expressed satisfaction with the anterior mock-up
regarding the aesthetic of the teeth shape and integration
in the face. The posterior mock-up was validated for the
VDO increase as well.

The patient's posterior quadrants were restored first
at the chosen increased VDO. The sectors were restored
two by two with chair-side CAD/CAM milled temporary
PMMA restorations, first on the left side (sectors 2 and 3)
and then on the right side (sectors 1-4), with placement
of bite ramps in between the appointments. Restorations
were removed and carious tissues were excavated. We
performed minimally invasive chamfer homothetic pe-
ripheral preparations with an overall thickness reduc-
tion of approximately 0.8 mm (Figure 6). Some teeth did
not need any occlusal reduction as the prosthetic space
was wide enough. After optical impressions (Cerec
Primescan®, Dentsply Sirona, York, PA), temporary
crowns were designed and milled out of PMMA (Telio

FIGURE 6 Teeth preparation and
temporary crowns. Initial situation
Sector 3 (A); minimally invasive chamfer
homothetic peripheral preparations (B);
temporary restorations in PMMA at
increased VDO (C).

FIGURE 7 Definitive crowns milled
out of zirconia (4Y-TZP /5Y-TZP, Emax
ZirCAD MT, Ivoclar Vivadent), Sectors 2
and 3.
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CAD®, Ivoclar Vivadent, Schaan, Liechtenstein) with
CEREC SW 5.1 software (Dentsply Sirona, York, PA) ac-
cording to the initial wax-up, and cemented with poly-
carboxylate temporary cement (Durelon, 3M ESPE, St.
Paul, MN) (Figure 6C).

New optical impressions were taken of the prepara-
tions and the temporary restorations to use as a biocopy
for the definitive restorations.

The definitive crowns were also designed on CEREC
SW 5.1 software and milled out of 4Y-TZP/5Y-TZP zir-
conia (Emax ZirCAD MT, Ivoclar Vivadent, Schaan,
Liechtenstein) (Figure 7) and cemented with glass iono-
mer cement (Fuji Plus®, GC Corporation, Tokyo, Japan) in
two appointments with occlusal adjustments. Occlusion
settings were performed in the maximal intercuspal posi-
tion with intra- and inter-arch stability.

After achieving stable posterior occlusal support, the
next phase involved restoring the anterior quadrants
to address both aesthetic and functional requirements
and establish proper anterior guidance. Subgingival
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preparations were performed for enhanced aesthetic in-
tegration and to prevent any dentinal exposure that could
lead to sensitivities.

Subsequently, following a similar procedure to that
of the posterior quadrants, we proceeded with a tempo-
rary stage using PMMA crowns, followed by an impres-
sion session. The aesthetic was checked and validated
again with the patient at this stage. The maxillary in-
cisors were modeled relatively longer to achieve better
anterior guidance.

Two sessions were scheduled for cementing the six
maxillary and six mandibular anterior crowns using resin-
modified glass-ionomer luting cement (Fuji Plus, GC
Corporation, Tokyo, Japan). Both static and dynamic oc-
clusion adjustments were carefully performed to ensure
optimal function.

4 | CONCLUSION AND RESULTS

The patient was scheduled for a follow-up appointment
1month after the crowns were placed (Figure 8). The
patient felt perfectly comfortable with the treatment.
At this appointment, a 3D-printed rigid bruxism splint
(KeySplint Soft, Keystone Industries, Gibbstown, NJ,
USA) for the mandible was provided to the patient
after occlusal adjustments (Figure 9). The treatment
lasted 6 months, from the first consultation to the 1-
month follow-up appointment. Then, the patient was
seen every 6 months for 2years for regular scaling and
check-ups. At the 2-year follow-up (Figures 10-13),
no instances of sensitivity, restoration loss, marginal
discoloration, or material staining were observed.
Additionally, there were no occurrences of chipping,
excessive wear, periodontal damage, or secondary

FIGURE 8 One month follow-up.
Extraoral front zoom view with natural
harmonious smile (A); intraoral view

in maximal intercuspal position (B);
maxillary occlusal view (C); mandibular
occlusal view (D).

FIGURE 9 3D-printed rigid bruxism splint (KeySplint Soft®,
Keystone industries) for the mandible, occlusal view with occlusal
contacts marked.

caries. Tooth 37 (Figures 8B and 13B), after 2 years did
not pursue its evolution and a decision was made to ex-
tract it as no sustainable restoration could be placed.
This 12-year dental care journey started when the pa-
tient was 9years old, after many years of diagnosis
wandering, and ended as she was attending university.
Al presents challenges at all stages of life, especially in
childhood and adolescence, due to the rapid and suc-
cessive evolution in dentition. Each case is unique and
should be managed with an interdisciplinary approach,
evaluating the most adequate treatment at each stage
and always being aware of evolving materials and tech-
nologies that could offer promising therapeutic options
in the near future. Regular follow-ups, approximately
every 6 months, will be the key to the long-term success
of this treatment.
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FIGURE 10 Two-year follow-up.
Extraoral front view with natural smile
(A) extra-oral front view with forced smile
still not exposing the anterior cervical line

B).

FIGURE 11 Two-year follow-up. Extraoral front zoom view
with natural harmonious smile.

5 | DISCUSSION

Early management of Al is crucial to improve the long-
term oral health and quality of life of affected individuals.
The patient was diagnosed at 9years old, which is quite
young; some patients experience a very late diagnosis due
to difficulties detecting the presence of Al and determin-
ing its clinical subtype."’

In AI cases, it is appropriate to suggest that parents
seek a genetic consultation for their child and consider
including them in research programs.'®* However, the pa-
tient's parents did not express the desire to include their
daughter in these programs at the early stage of treatment,
and the genetic diagnosis occurred only at the end of the
definitive rehabilitation as the patient reached the age
of majority. An heterozygous mutation was found in the
FAMS83H gene, which is reported to be involved in auto-
somal dominant hypocalcified amelogenesis imperfecta
(ADHCALI),"*? as the dominant allele. This gene shows
incomplete penetrance.”'

51 | Transitional stage

Regarding the use of strip crowns in the early transi-
tional stage, tooth reconstruction using this technique is
undoubtedly a quick, cost-effective, and efficient solu-
tion.”»* Parents are usually satisfied with aesthetics**

. 70f11
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and it allows maximal tissue preservation. However, it in-
evitably presents long-term challenges. Polymerization
of the composite cannot be performed under an opera-
tive field*> and the composite is polymerized as a single
mass, resulting in significant polymerization shrinkage
stress with a high C-factor.?® The approximate cervical
adaptation and frequent subgingival composite over-
hangs sustain inflammation and make oral hygiene
maintenance difficult.

All these factors ultimately lead to a higher suscepti-
bility to bacterial reinfiltration, thus increasing the risk
of dental tissue loss, which is already reduced in patients
with this condition.

Therefore, with the recent advancements in materials
and protocols, new alternatives should be considered. The
current possibility of performing indirect restorations in a
single appointment through digital technology eliminates
the need for provisional restorations and makes appoint-
ment durations compatible with the limited patience of
children.”” Another promising option is injectable com-
posite therapeutics, which allow full mouth rehabilitation
to be performed in a single appointment, producing in-
stant results.*®

5.2 | Adhesive problems and
treatment choices

As the quality of a durable bonding greatly depends on
the bonded substrate, one of the main challenges of Al
full-mouth rehabilitation lies in adhesion to the altered
enamel. Yaman et al. found that the microtensile bond
strength of etch-and-rinse and self-etch adhesives to hypo-
plastic AT enamel was nearly 40% lower than that of sound
enamel.” Similarly, for enamel affected by hypocalcified
Faria-e-Silva et al. observed a comparable decrease in the
microshear bond strength of an etch-and-rinse adhesive.*

Some enamel treatments have been developed to ad-
dress this issue, such as applying 5% sodium hypochlorite
after etching and before adhesive application®~* or using
self-etch adhesives only to limit enamel aggression.**
However, current studies on these two protocols show that
they do not yield significant improvements.
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FIGURE 12
profile view (C).

Given this assessment, any bonded restoration in pa-
tients with this condition presents issues for long-term
success. In this case, the tissue loss after caries excavation
necessarily guided us toward crown peripheral prepara-
tions, mostly juxta- or subgingival. Despite good plaque
control, residual gingival inflammation was still observed.
Gingival inflammation is more frequently observed among
patients with Al and, more specifically, among individuals
with the hypocalcified subtype.® The rubber dam place-
ment was compromised, and consequently, moisture was
hard to control. Considering all these factors, we opted for
cementation. Additionally, cementation would facilitate
future reinterventions due to the simplicity of removing
the previous restorations.

Regarding the choice of material for the definitive res-
toration, ceramic®® was immediately selected, and zirconia
appeared to be the most adequate solution. By the end of
the treatment, the patient would be 20, and her periodon-
tium would be mature. The goal was to preserve dental
structures to the maximum extent possible so that each re-
intervention is minimally invasive and allows the teeth to
remain on the arch for as long as possible. Zirconia allows
for conservative preparations (Figure 6B).*® The prepara-
tions of approximately 0.8 mm were compatible with ce-
mentation, whereas thinner zirconias should have been
bonded, to maximize fracture toughness.37

With a focus on tissue preservation enabled by high
mechanical values and driven by the goal of achieving
satisfactory aesthetics at the end of treatment, we opted

Two-year follow-up. Intraoral right profile view (A); intraoral view in maximal intercuspal position (B); intraoral left

FIGURE 13 2-year follow-up.
Maxillary occlusal view (A); mandibular
occlusal view (B).

for 4Y-TZP/5Y-TZP zirconia (Emax ZirCAD MT®, Ivoclar
Vivadent, Schaan, Liechtenstein).

It would have been advisable to treat the RT1-type re-
cession (Cairo) on tooth 41 with a graft before preparing
for the crown. There is indeed a risk that the recession may
worsen in the coming years if oral hygiene deteriorates.
However, this additional procedure was declined by the
patient. Nevertheless, to ensure better biocompatibility of
the anterior restoration, the cervical area of the zirconia
was mechanically polished, providing better biocompati-
bility than a glazed preparation.*®

5.3 | Chair-Side CAD/CAM interest

The noteworthy aspect of this case is that it was mostly
completed using chairside CAD/CAM technology. This
approach has been proven to be highly beneficial for pa-
tients, who had experienced repeated dental treatments
since childhood.*® The use of chairside CAD/CAM ena-
bled us to achieve a rapid and effective final outcome in
relatively few sessions.*’ In general, this technology leads
to reduced production costs*' and improvements in time
efficiency*” and satisfies the patient's perception of a mod-
ern treatment concept.”> Collaborating closely with the
patient during the planning and design stages of the res-
torations, which is challenging when relying on a dental
technician, was pivotal. The patient's active involvement
played a crucial role in the seamless integration of the new
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restorations and contributed to the psychological success
of the treatment. Although the sessions were lengthy,
the immediate improvement in function and aesthetics
seemed to outweigh any discomfort experienced by the
patient.

5.4 | Patient satisfaction and
treatment prognosis

Our intervention appeared to have exerted a consider-
able psychosocial influence, as the patient reported a swift
enhancement in her quality of life and overall social and
mental well-being. Consequently, effective management
of the dental repercussions of Al appears to have a positive
impact on all aspects of patients’ health.**** The long-term
success of the treatment will depend on the regularity of
patient follow-up and maintenance. The main short- to
medium-term failure risks include secondary caries recur-
rence under restorations and the risk of ceramic fractures.
The carious risk will be clinically and radiographically
monitored at each follow-up appointment every 6 months
for 2years and then annually. To lower the risk of ceramic
fractures, an occlusal splint is worn every night by the
patient.46
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