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Amelogenesis imperfecta is a hereditary con-

dition resulting in poor tooth development,

severe enamel anomalies, or complete

absence of tooth enamel. This condition is

caused by improper differentiation of the

ameloblast cells.1 The genetic defects of the

enamel are the most frequent congenital

anomalies of the hard dental tissues. The

enamel lesions may be the only characteris-

tic of the whole condition, or they can accom-

pany other lesions located in the dentin, or

be part of generalized genetic disorders. The

later group is termed as hypoplasia, hypo-

mineralization and hypomaturation of the

enamel, according to the clinical findings.

Enamel anomalies are present in more than

70 syndromes.2

The hereditary disorders of enamel for-

mation effect all the teeth in both primary and

secondary dentitions. The most common

form of amelogenesis imperfecta is the auto-

somal dominant hypocalcified type, followed

by the hypomaturation and the hypoplastic

type.3–5

Hereditary anomalies of enamel formation

result in various forms of amelogenesis

imperfecta that can be familial and inherited

as autosomal dominant, autosomal reces-

sive, or x-linked dominant.6,7
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Frequency
The frequency of amelogenesis imperfecta

may vary among different populations or

countries. In the United States, the frequency

of all types was 1:14,000 and the most com-

mon type was autosomal dominant hypocal-

cified.6 In Israel, the frequency was 1:8,000

and hypoplastic8 was the most frequent type.

In Sweden, the frequency was 1:4,000 and

the hypoplastic type was the most common

one. In an isolated region of this country the

frequency was found to be 1:789.9,10

Classification
Amelogenesis imperfecta is subdivided into

14 different types, according to clinical

appearance and inheritance patterns.11

Clinical findings in this disorder, as well as in

the enamel defects accompanying general-

ized genetic diseases, may vary according to

the period which amelogenesis was effected

by the genetic defect.11–13 The four main

types of amelogenesis imperfecta are: type I

hypoplastic enamel, type II hypomaturated

enamel, type III hypocalcified enamel, and

type IV hypomaturated-hypoplastic enamel

with taurodontism.11

Clinical findings
The clinical findings in amelogenesis imper-

fecta vary considerably among the different

types.11,12,14

In type I, the lesions may appear as pits on

the enamel surface of the tooth, or the teeth

can be severely worn, without mesial or distal

contact points. In these cases the enamel has

a “snow-like” appearance. The enamel layer is

usually thin and has a yellow-brown color.

There are difficulties in tooth eruption and

some teeth may erupt after root absorption

has occurred. Cases of multiple missing per-

manent teeth have been reported.4,15

In type II, the enamel is hypomaturated

and clinically has an opaque appearance.

The enamel layer is normal in thickness, but

softer than normal, and can be easily

detached from the underlying dentin.

Type III (hypocalcified enamel) is distin-

guished by severely worn teeth, as the enam-

el is detached from dentin within a short time

after eruption. Teeth are very sensitive to ther-

mal changes and are dark brown in color.

Massive deposits and calculus are normally

found around the teeth due to extreme sen-

sitivity patients experience when they per-

form oral hygiene procedures. 

Type IV is a combination of hypomaturat-

ed and hypoplastic enamel accompanied by

taurodontism.16–18 Many patients with amelo-

genesis imperfecta also exhibit open bite.19

Radiological findings
The radiological findings in patients with

amelogenesis imperfecta include congeni-

tally missing teeth, delayed dental eruption,

crown resorption, root resorption, and pulp

calcification on both erupted and unerupted

teeth. 

The density of the enamel layer in amelo-

genesis imperfecta seems lower than in nor-

mal teeth, and this finding is more pro-

nounced in the hypocalcified type. Hypo-

plastic enamel shows great variation in den-

sity, and it may be difficult to distinguish from

underlying dentin.20

The aim of this article is to describe the

diagnostic procedure and the clinical stages

in the rehabilitation, using all-ceramic

veneers and crowns, of a patient with amelo-

genesis imperfecta. 

CASE REPORT

Medical record
A 24-year-old patient was referred to the

Postgraduate Clinic of the Department of

Prosthodontics at the University of Athens for

treatment. The patient reported he was suf-

fering from Usher syndrome, which is char-

acterized by reduced hearing ability (partial

deafness) and problems in the eyes (pig-

mented retinopathy, retinitis pigmentosa).

Usher syndrome is inherited in the autosomal

recessive manner and is not related to amel-

ogenesis imperfecta.21

Examination
The extraoral examination did not reveal any-

thing significant. The intraoral examination

revealed generalized enamel hypoplasia,

which was more intense on the cusps of the

posterior teeth and on the labial surfaces of
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the mandibular anterior teeth. The enamel

lesions on the maxillary incisors were limited

to the incisal third (Figs 1 to 4).

There were amalgam fillings on teeth 3

(16) and 14 (26), which showed increased

marginal space around the amalgam mar-

gins. Tooth 3 (16) was endodontically treat-

ed. There were fractures on all occlusal

cusps of the posterior teeth. 

The irregular enamel surfaces were hard to

examine with the dental probe and did 

not show any sign of detachment from 

the underlying dentin. The patient showed 

Class I occlusion with no discrepancy of the

midline. The crown height was reduced

(mainly on the posterior teeth), and the vertical

dimension was slightly reduced (approximate-

ly 2 mm) due to tooth wear. The posterior

teeth showed occlusal surface contacts in-

stead of point contacts because of fractures.

Cross-bite occlusion was noted on the right

side.

The patient reported reduced chewing

ability, and slight sensitivity to hot and cold

food, and was not satisfied with the esthetic

appearance of his teeth. The patient was also

worried about the long-term prognosis of his

teeth. There was slight inflammation on the

gingival margins without any periodontal

pockets. The gingival index was 40% and the

oral hygiene index was 50%. 

Radiological examination 
The radiological examination with panoramic

(Fig 5) and periapical x-rays did not reveal

any missing teeth or periapical lesions. There

Fig 1 Initial clinical situation of the patient with amelogen-
esis imperfecta. The hypoplastic regions are mainly situated
on the cervical third and on the occlusal surfaces.

Fig 2 Occlusal view of the maxillary teeth.

Fig 3 Occlusal view of the mandibular teeth. Fig 4 The mandibular anterior teeth with hypoplastic regions on the labi-
al surfaces.
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was no bone loss. Teeth 1 (18), 16 (28), 17

(38), and 32 (48) had erupted. The pulp

chambers of the teeth were regular in size.

The enamel layer could be distinguished

from the underlying dentin, but did not show

the regular thickness and density.

Diagnosis
The clinical characteristics indicated amelo-

genesis imperfecta type I (hypoplasia) with

“snow-like” enamel which was colored and

appeared dark yellow or brown.

Microscopic examination 
The maxillary third molar, tooth 1 (18), was

extracted and kept in a 0.9% NaCl solution

(Fig 6). The tooth was sectioned and exam-

ined with an optical microscope under polar-

ized light (Figs 7 and 8) to verify the clinical

diagnosis. The examination showed a thin

hypoplastic enamel layer, and in some areas

the dentin was exposed. The irregular sur-

face was attributed to enamel hypoplasia, as

this tooth was in the mouth for a shorter per-

iod than the other molars and was not fully

functional. The enamel-dentin junction was

physiological in the microscopic examina-

tion. The cementoenamel junction showed

irregularities compared to a physiological

tooth (Figs 8 and 9). According to micro-

scopic examination, the amelogenesis in this

patient could be classified as hypoplastic

type I according to Darling’s classification.22

Treatment planning
Initial impressions were obtained from the

patient, and study casts were constructed

with hard stone. The study casts were mount-

ed on a semi-adjustable articulator in centric

relation, using a central relation intraoral reg-

istration. The vertical dimension was slightly

increased (2 mm) in order to restore the exist-

ing tooth wear. A full waxup was performed

on the mounted study casts (Figs 10 and 11).

The treatment planning for this patient

was as follows: 

• Initial periodontal treatment (phase 1)

• Extraction of tooth 1 (18) and microscopic

examination to verify the clinical diagnosis

• Preparation of maxillary and mandibular

posterior teeth for complete-coverage

crowns (chamfer margin), and provisional

restorations (2 to 5 [14 to 17], 12 to 15 

[24 to 27], 21 to 18 [34 to 37], and 28 to 31

[44 to 47]), in increased vertical dimension

• Crown lengthening on the abovemen-

tioned regions

• Final preparation for complete-coverage

all-ceramic crowns on all the posterior

teeth and on teeth 22 to 27 (33 to 43)

Fig 5 (above) Panoramic radiograph of the patient.
Fig 6 (right) The extracted tooth 1 (18). The enamel is irregular in shape, colored dark yellow-brown
and hypoplastic.
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Fig 7 (above) Microscopic examination of tooth
1 (18) under polarized light: Hypoplastic enamel
layer and an erosion on the labial surface (magni-
fication �50).
Fig 8 (top right) Microscopic examination of
tooth 1 (18) under polarized light: Hypoplastic
enamel layer thinner than normal, irregular
cementoenamel junction with anomalies (magni-
fication �120).
Fig 9 (bottom right) Microscopic examination of
the cementoenamel junction on a physiological
tooth (magnification �120).

Figs 10 and 11 Diagnostic waxup of maxillary and mandibular teeth.
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• Preparation of teeth 6 to 11 (13 to 23) for

all-ceramic laminate veneers

• Fabrication of all-ceramic crowns and

veneers

• Adhesive cementation of all-ceramic

crowns and veneers

• Fabrication of a centric relation splint as a

night guard

Treatment steps
After initial periodontal treatment, teeth 2 to 5

(14 to 17), 12 to 15 (24 to 27), 21 to 18 

(34 to 37), and 28 to 31 (44 to 47) were 

prepared for complete-coverage crowns and

provisional restorations were constructed

chairside with acrylic resin (Dentalon Plus,

Kulzer). These splinted provisional crowns

were fabricated with a thermopressed trans-

parent sheet (Omnivac) from the waxup. 

The enamel was hard and did not show

any sign of detachment during preparation.

The preparation margins were at the height

of the gingival crest. Crown lengthening was

performed on all the abovementioned

regions, and 2 to 3 mm of crown height was

gained. Three months after the periodontal

surgery, the teeth were finally prepared with

deep chamfer intrasulcular margins (Figs 12

to 14). In order to avoid traumatization of the

sulcus depth, a thin retraction cord (000,

Ultrapack, Ultradent) was inserted in the sul-

cus prior to preparation. The same technique

was followed for the preparation of the

mandibular anterior teeth, 22 to 27 (33 to 43).

The preparation depth was controlled with

the thermopressed sheet, which was used

for the construction of the provisional crowns

from the waxup. 

The maxillary anterior teeth showed only

slight and shallow enamel defects limited to

the incisal third area. For this reason, they

were restored with laminate veneers. The

removal of the surface enamel layer revealed

enamel that was normal in hardness and

appearance. Provisional restorations for teeth

6 to 11 (13 to 23) were made from light-cured

composite resin (Charisma, Kulzer) with the

Omnivac sheet and were bonded with a drop

of unfilled resin (Heliobond, Vivadent) without

etching the enamel. 

Fig 13 Preparation of the maxillary anterior teeth for lami-
nate veneers.

Fig 12 Preparations of the maxillary teeth, occlusal view.

Fig 14 Preparation of the mandibular anterior teeth for complete-
coverage crowns. A retraction cord has been inserted in the sulcus.
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Final impressions were obtained with

polyvinyl siloxane elastomer material (Panasil,

Kettenbach) using the corrective impression

technique. Occlusal registrations were ob-

tained with a hard addition-type silicon materi-

al (Occlufast, Zhermark), maintaining the verti-

cal dimension from the provisional restora-

tions. The working casts were mounted on a

semi-adjustable articulator (Hanau, Hanau),

and the restorations were waxed in full contour

(Fig 15). All-ceramic restorations were fabricat-

ed with a leucite-reinforced ceramic (Empress,

Ivoclar). The staining technique was applied to

achieve maximum mechanical strength. The

thermopressed ceramic material, Empress,

was used because of its accuracy of marginal

fit, biocompatibility, and the possibility of con-

structing the crowns and veneers from the

same material.

After the try-in of the ceramic restorations,

occlusal reshaping was performed using

articulation paper. The ceramic restorations

were glazed and the interior surfaces were

etched with hydrofluoric acid 10% for 

10 minutes (Ceramic Etching Gel, Ivoclar).

The enamel surfaces were etched for 40 

seconds with orthophosphoric acid 40%

(Etching Gel, Vivadent). The appearance of

the hard dental tissues after etching was clin-

ically normal, except for the dark color of the

dentin.

The restorations were bonded with a 

dual polymerization resin cement (Vario-Link,

Vivadent) (Figs 16 to 18). After cementation

of the restorations, a centric relation splint

was constructed from acrylic resin and the

patient was instructed to wear it at night

while sleeping for protection from possible

bruxism. A mutually protected occlusal

scheme was designed for this patient to

allow even distribution of forces during side

movements. There were no interferences in

the anterior guidance apart from the con-

tacts on the anterior teeth. 

The patient was satisfied with the 

treatment result and is following a strict 6-

month recall program. The restorations 

have been in clinical use for 3 years with 

no sign of detachment or fracture. 

DISCUSSION

The treatment of a young patient with amelo-

genesis imperfecta is a challenge for the cli-

nician. Several factors have to be taken

under consideration, such as the age of the

patient, the quality of the existing dental tis-

sues, the periodontal condition, the pulp-root

anomalies, the loss of tooth substance, and

the orthodontic condition. 

The practitioner has to carefully balance

the restorative needs of the patient, the pos-

sibility of completing the treatment planning,

the protection of the remaining teeth, and the

long-term prognosis of the result. 

The treatment options vary considerably,

depending on the abovementioned factors.

Among very young patients or in cases of

orthodontic anomalies, the orthodontic treat-

ment is the first step.23,24 In patients with

severe wear on their teeth, an early restorative

treatment with prefabricated stainless steel or

veneered crowns can improve the esthetics

and help the orthodontic treatment.25

The prosthodontic treatment usually

includes complete-coverage metal-ceramic

crowns for functional and esthetic rehabilita-

tion and protection of the remaining teeth.24,26

The use of all-ceramic bonded crowns

(Empress) has also been reported.27 All-

ceramic materials offer certain advantages,

including esthetics, marginal fit, and biocom-

Fig 15 Wax patterns for all-ceramic restorations. Two kinds of wax have
been used to achieve good marginal fit.
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patibility. A question arises concerning the

possibility of bonding partial-coverage resto-

ration (veneers, inlays) on the enamel,

although there have been some reports of

successful clinical cases.26,28 In cases of

severe hypocalcified amelogenesis imperfec-

ta, the pretreatment with sodium hypoclorite

can improve the bonding strength.29

The treatment of a patient with dentino-

genesis imperfecta with all-ceramic restora-

tions has already been described by the

authors.30 The use of metal onlays in cases of

amelogenesis imperfecta to restore the

occlusal surfaces and compensate for the

reduced vertical dimension has also been

reported. Their use, however, was limited to

very young patients, and the esthetic result

was compromised by the metal surfaces.31,32

The decision to keep an enamel layer and

use partial-coverage restorations, or remove

all enamel and use complete-coverage

crowns, depends on the extension and

depth of the enamel lesions. The clinical

appearance of the enamel during tooth

preparation plays a decisive role.

The need for crown lengthening is not

uncommon in cases of amelogenesis imper-

fecta.26,27 Abrasion and wear on the teeth

usually result in reduced crown length. The

periodontal condition is usually complicated

because of tooth sensitivity and poor oral

hygiene.

As in all extensive restorations, the patient

should undergo a strict program of sched-

uled recalls to maintain the achieved result

and ensure a good long-term prognosis.

The treatment of patients with amelogen-

esis imperfecta with overdentures that have

been reported has many functional disad-

vantages and is usually not accepted by the

patient.33,34

Figs 16 to 18 The restorations after bonding with dual
polymerization cement. The crown, number 14 (26) appears
darker because of the intense discoloration of the underlying
tooth.
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CONCLUSION

The functional and esthetic restoration

among patients suffering from amelogenesis

imperfecta is a clinical challenge and can be

accomplished using a detailed treatment

plan. The use of all-ceramic materials offers

increased possibilities in the field of esthetics

and biocompatibility. This is a very important

factor for the patient, who usually has psy-

chosocial problems because of tooth defects

from a very young age.
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