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Abstract
A 19-year-old female affected by dentinogenesis imperfecta type II (DI-II), a genetic
disease that affects the structural integrity of the dentin, presented with a chief com-
plaint of discolored teeth. For this patient, digital techniques, including digital smile
design (DSD), the ARCUSdigma axiograph and computer-aided design/computer-
aided manufacturing (CAD/CAM), were extensively used in all phases of the reha-
bilitation process. Compared to traditional analog methods, these digital techniques
could reduce the constant confirmation of occlusion, promote communication be-
tween clinicians and dental technicians, achieve accurate occlusion with relatively
high efficiency, and improve the efficacy of esthetic rehabilitation in the treatment of
this patient with DI-II.

Dentinogenesis imperfecta (DI) is a gene-related defect that
results in irregular dentin structure. Clinically, teeth affected
by DI appear gray-blue and opalescent. The enamel is eas-
ily worn and broken, exposing the affected dentin that wears
rapidly. Radiographically, teeth present with bulbous crowns
and marked cervical constriction. In the initial stages of DI,
pulp chambers of the teeth appear abnormally wide, resem-
bling shell teeth, but they undergo progressive obliteration.1

DI can be broadly classified into 3 types2: type I is a de-
fect accompanied by osteogenesis imperfecta (OI); type II,
known as classical hereditary opalescent dentin, is an autoso-
mal dominant genetic disease; and type III is the Brandywine

isolate type, which is very rare and found mostly in the United
States.2,3 DI-II has similar clinical and radiographical charac-
teristics to DI-I but without OI. As the most common subtype
with an approximate incidence of 1:8000,4 DI-II severely im-
pacts the affected teeth.

In the treatment of DI-II teeth, routine restorative techniques,
including composite restorations and veneers, may be used for
patients who do not exhibit enamel fracture or extensive wear.5

In more severe cases in which patients exhibit extensive wear,
full-coverage crowns are the treatment of choice. For elderly
patients or those with extremely worn dentitions, overdentures
retained and supported by abutment teeth or dental implants
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are another restorative option.6 In general, eliminating pain and
restoring esthetics and functions are the goals of treatment.7

Most of these patients require full-mouth rehabilitation, which
requires precise control of the occlusion at both the provisional
and definitive phases. However, it may be difficult to achieve
precise occlusion with conventional restorative approaches that
are usually time-consuming and uncomfortable to patients.8,9

Compared to conventional analog methods, dental restora-
tion through a digitalized process is a promising technology.
The benefits of digital workflows include improved time effi-
ciency, greater predictability of treatment, a minimally invasive
operation with improved functional and esthetic outcomes, and
simplified technical production.10,11 The advent of the digital
industry has led to a change in the way that dental prostheses
are planned, created, and delivered.12 Smile esthetics are re-
lated to the shape, texture, color, and gingival contour of teeth,
as well as their relationship with the face.13 Thus, digital smile
design (DSD) is useful for developing an ideal treatment plan
that could provide patients with a smile that meets their es-
thetic requirements.14 The ARCUSdigma axiograph is a nonin-
vasive diagnostic tool that can measure and record mandibular
movement.15 This device can export and store hinges, condylar
paths, kinematic axis locations, and Bennett angles in numeri-
cal and graphical formats.16 CAD/CAM systems are designed
to allow the restoration of one or more teeth in the same quad-
rant at the same time with a precise result. Additionally, digital
chairside systems allow clinicians to achieve predictable and
repeatable results from anatomical-functional aspects.17

Recently, the authors published a clinical report using a mul-
tidisciplinary approach integrating orthodontics, periodontics
and prosthodontics in the treatment of a patient with DI-II.18

However, a rehabilitation method using multiple digital tech-
niques in the workflow, including DSD, the ARCUSdigma ax-
iograph and CAD/CAM, is presented in this new clinical report
and has not been reported previously in the treatment of DI-II
patients. The present clinical report aims to demonstrate how to
achieve optimal esthetic and functional outcomes using a full
digital workflow.

Clinical report

A 19-year-old female presented to the Department of
Prosthodontics Clinic, Affiliated Stomatology Hospital of
Wenzhou Medical University, China. Discolored and unsightly
anterior teeth were her chief complaints. A panoramic ra-
diograph (Fig 1) showed narrow, short and bulbous crowns,
constricted cementoenamel junctions, obliteration of the pulp
chambers and root canals, and roots that were thinner and
shorter than those found on normal teeth. She presented with
a history of similar tooth discoloration in her cousin who had
previously received treatment in our hospital. There was no his-
tory of unusual bone brittleness in her family or any other sys-
temic diseases or drug usage in the past. A family history of the
previous four generations (Fig 2) also supported a preliminary
diagnosis of DI-II.

Preoperative photographs (Fig 3) showed low attachment of
the maxillary labial frenum and anterior teeth with morpho-
logical defects. The teeth exhibited amber coloration with an
opalescent and translucent shine. Some teeth showed wear on

Figure 1 Panoramic radiograph.

the incisal edges and cracks into the dentinal layers. The clin-
ical crowns of the maxillary anterior teeth were shorter than
normal. A family medical history covering four generations, in
association with the clinical and radiographic manifestations,
and a lack of systemic bone disease supported the diagnosis of
DI-II in this patient.

The aim of treatment was to use a digital approach to achieve
esthetic and functional outcomes of the anterior teeth using
full-coverage crowns. Since the molars only exhibited minimal
attrition, they were left untouched during the treatment. Dietary
advice and oral hygiene instructions were given to the patient
before the treatment, and after the completion of restorative
procedures, follow-up visits were expected twice per year.

The use of a digital software program (Smile Linker; Heng-
dasheng, Shenzhen, China) provided excellent communication
with the patient, and the patient was able to view the designed
smile esthetic results before starting treatment (Fig 4). Pho-
tographs were taken and uploaded to the software, and rectan-
gles with ovate outlines and suitable length/width ratios were
set on the maxillary anterior teeth. The position of the incisal
edge followed the smile line of the lower lip, and the color of
the teeth was chosen according to the patient’s desire.19 The
designed shape and ideal length/width proportion of the teeth
as well as the gingival contour were transferred to the dental
casts and used to make the diagnostic wax-up (Fig 5).

According to the DSD results and the diagnostic wax-up,
crown-lengthening surgery and maxillary labial frenuloplasty
were required on the maxillary anterior sextant due to short
clinical crowns and low attachment of the maxillary labial
frenum. Apically repositioned flap surgery in association with
osseous resection was performed on the maxillary anterior
teeth to ensure attachment of the junctional epithelium and
connective tissue. After crown-lengthening surgery, the max-
illary anterior sextant was more esthetic with reduced expo-
sure of gingival tissues when smiling. Maxillary labial frenu-
loplasty was performed due to the low attachment of the max-
illary labial frenum, which impacted the esthetics of the max-
illary anterior sextant (Fig 6).

Three months after periodontal treatment, the ARCUS-
digma axiograph (KaVo Dental, Biberach, Germany) was used
to obtain personalized mandibular movement, and a KaVo
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Figure 2 Family pedigree chart. Each branch of the family was recorded separately. The patient was IV-2.

Figure 3 Preoperative photographs.

PROTAR articulator report was transferred to the KaVo PRO-
TAR articulator. Based on the exact condylar guidance incli-
nations and incisal guide angles from the report, new diagnos-
tic wax-up and transparent laminated film guides were made
(Fig 7). Provisional restorations were made with bis-acrylic
resin (3M ESPE Protemp II; 3M ESPE, St. Paul, MN) and
the fabricated transparent laminated film guides. Diamond ro-
tary instruments were used to prepare predetermined depths
based on the requirements for ceramic crowns. After tooth
preparation, the upper and lower casts made by conventional
impression techniques were scanned using a laboratory scan-
ner (3Shape D2000; 3Shape, Copenhagen, Denmark). The
provisional restorations were then designed using a software
program (3Shape Dental System 2019; 3Shape, Copenhagen,
Denmark). Subsequently, the designed provisional restorations
were produced by a CAD/CAM system (CORiTEC 350i;
imes-icore, Fulda, Germany) and cemented with luting ce-

ment (HY-Bond Glasionomer CX; SHOFU, Kyoto, Japan)
(Fig 8).

After 5 months using provisional restorations, the occlusion
was stable, and the esthetics were approved by the patient. Af-
ter removing the provisional restorations and cleaning the abut-
ment teeth, chair-side scanning (CEREC Omnicam; Dentsply
Sirona, York, PA) was performed to obtain digital impressions,
and technicians designed the definitive restorations (Fig 9A).
Subsequently, zirconia ceramic crowns were fabricated by the
CORiTEC 350i CAD/CAM system, and veneering porcelain
was added for a more natural appearance.20 The crowns were
luted individually following the sequence from mesial to dis-
tal using a dual curing resin luting agent (RelyX Unicem; 3M
ESPE, St. Paul, MN). Each crown was carefully positioned
and light-cured, and then excess cement was removed. Af-
ter definitive restorations were delivered, intraoral and facial
photographs were taken to document a satisfactory result with
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Figure 4 Process of digital smile design.

dental and gingival morphology as well as canine-guided oc-
clusion (Fig 9B).

At the 6-month follow-up visit (Fig 10A), all restorations re-
mained intact. The patient’s functional and esthetic outcomes
had been achieved, including harmonious dental gingival mor-
phology and stable occlusion. The patient was esthetically
pleased and completely satisfied with the results. The clinical
follow-up after 1 year (Fig 10B) revealed good marginal con-
tour, with the exception of a small defect on the edge of the
maxillary right lateral incisor, no obvious abnormalities were
found on the restorations.

Discussion

Compromised tooth shape and color from DI may have a dele-
terious impact on a patient’s self-esteem, further affecting their
interpersonal relationships and quality of life.21 In treating DI
patients, early identification and diagnosis of the disease are
important in order to receive specialty treatment. In this clin-
ical report, the patient was diagnosed with DI-II rather than

Figure 5 Waxed diagnostic casts.

DI-I, which is associated with OI. DI-II can be specifically di-
agnosed by its inherited nature, the radiographic and clinical
manifestations, and patient history.

Digital design software is an essential tool that has been
widely used in the dental rehabilitation of esthetically discern-
ing patients.22 In this clinical report, Smile Linker, a precise
and convenient DSD software used on an iPad, offered a final
dental profile showing the relationship between the preopera-
tive situation and the ideal outcomes. Moreover, it also served
as a useful guide to fabricate the diagnostic wax-up and the
trial restorations.23

The ARCUSdigma axiograph, as a computerized axiograph
based on the analysis and imaging of the hinge axis and its
movement, has been confirmed to have equivalent accuracy to
conventional analog devices that have already been accepted
by the scientific community.16 For this patient, with the help of
the ARCUSdigma axiograph, precise provisional restorations
were fabricated based on the values of the condylar inclina-
tions and the incisal guide angles, which had a significant role
in protecting the periodontal tissue, preventing the movement
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Figure 6 Crown-lengthening surgery and maxillary labial frenuloplasty.

Figure 7 The use of the ARCUSdigma axiograph and the fabricated diagnostic wax-up with transparent laminated film guides.

of adjacent teeth, and maintaining esthetics and functions.24

Additionally, precise vertical and horizontal occlusal dimen-
sions and individual mandibular movements were transferred
to the final prostheses.

The advantages of using CAD/CAM technology over con-
ventional methods include speed, an enhanced overall expe-
rience for the patient, and the quality of the restorations.12,25

In fabricating crowns, several studies have found that digital

and conventional impression techniques have similar marginal
fit.26,27 However, as a more time-efficient technique, digital
impressions are more comfortable than conventional methods
since the involved techniques are faster and do not provoke
nausea.9 Apart from this, in this clinical report, the provi-
sional and definitive restorations produced by the CAD/CAM
systems were precise. No interproximal adjustments were re-
quired, and only minor occlusal adjustments were performed.
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Figure 8 Precise provisional restorations produced by the CORiTEC 350i CAD/CAM system.

Figure 9 (A) Chair-side scanning and digital design; (B) intraoral and facial views after definitive restorations were delivered.

A combination of periodontal and prosthodontic treatment
was also essential to achieve a favorable outcome for this pa-
tient. Due to the short clinical crowns, disharmony of the gingi-
val margins, and low attachment of the maxillary labial frenum,
crown-lengthening procedures and maxillary labial frenulo-
plasty were performed as an adjunct to prosthetic therapy. As
the most common surgical procedure in periodontal practice,

crown-lengthening surgery is critical to achieve an esthetic out-
come and allows sufficient tooth ferrules for adequate crown
retention.28 Limited by the attached gingiva, gingivectomy to
lengthen the clinical crowns was not feasible, so apically repo-
sitioned flap surgery and osteotomy were performed.29

The follow-up of patients with DI-II is of considerable im-
portance. In this clinical report, at the 1-year follow-up visit,
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Figure 10 (A) Follow-up after 6 months; (B) follow-up after 1 year.

a small defect was found on the edge of the maxillary right
lateral incisor. This may have been caused by eating habits ac-
cording to the patient’s description. Therefore, diet control and
oral hygiene instructions were emphasized for the patient. The
patient is currently under our maintenance care, and long-term
results will be reported in the future.

Summary

This clinical report demonstrates the successful rehabilitation
of a DI-II patient using a series of digital techniques, includ-
ing DSD, the ARCUSdigma axiograph and CAD/CAM. A
prosthodontic/periodontic interdisciplinary approach was also
a crucial element in the successful treatment of this patient with
DI-II.
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