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Abstract

Statement of Problem: In recent years, direct metal laser sintered (DMLS) metal-ceramic-based fixed partial denture
prostheses have been used as an alternative to conventional metal-ceramic fixed partial denture prostheses.
However, clinical studies for evaluating their long-term clinical survivability and acceptability are limited.

Aims and Objective: The aim of this study was to assess the efficacy of metal-ceramic fixed dental prosthesis
fabricated with DMLS technique, and its clinical acceptance on long-term clinical use.

Materials and Methods: The study group consisted of 45 patients who were restored with posterior three-unit
fixed partial denture prosthesis made using direct laser sintered metal-ceramic restorations. Patient recall
and clinical examination of the restorations were done after 6months and every 12 months thereafter for
the period of 60 months. Clinical examination for evaluation of longevity of restorations was done using
modified Ryge criteria which included chipping of the veneered ceramic, connector failure occurring in the
fixed partial denture prosthesis, discoloration at the marginal areas of the veneered ceramic, and marginal
adaptation of the metal and ceramic of the fixed denture prosthesis. Periapical status was assessed using
periodical radiographs during the study period. Survival analysis was made using the Kaplan—-Meier method.
Results: None of the patients had failure of the connector of the fixed partial denture prostheses during
the study period. Two exhibited biological changes which included periapical changes and proximal caries
adjacent to the abutments.

Conclusion: DMLS metal-ceramic fixed partial denture prosthesis had a survival rate of 95.5% and yielded
promising results during the 5-year clinical study.

Key Words: Direct metal laser sintered crowns, fixed partial denture prosthesis, laser sintered crowns

Address for correspondence:

Dr. Radhakrishnan Prabhu, Department of Prosthodontics, Thai Moogambigai Dental College and Hospital, Mogappair, Chennai - 600 107, Tamil Nadu,
India. E-mail: drprabhu77@gmail.com

Received: 31 July, 2015, Accepted: 18" November, 2015

INTRODUCTION introduction of direct metal laser sintered (DMLS) technology

used for metal-ceramic restoration."> Various in vitro studies

A significant change from conventional castings is the
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on DMLS have yielded promising results for its wider clinical
usage. Yet studies regarding clinical longevity and the survival
rates for posterior metal-ceramic fixed partial dentures done with
DMLS technique is lacking. Hence, this study was undertaken
to assess the clinical acceptability of posterior metal-ceramic

fixed partial denture prosthesis made with DMLS technique.

MATERIALS AND METHODS

Forty-five patients with the mean age group of 40 years with
missing maxiﬂary or mandibular second prernolar or first molar
who reported to the Department of Prosthodontics, Thai
Moogambigai Dental Coﬂege and Hospital and were in need
of three-unit fixed partial denture formed the study group. The
study was approved by the Ethical Committee of Dr. MGR.
Educational and Research Institute University and all the
patients were provided with informed consent. The criteria
for case selection include the missing teeth that were removed
due to irreversible pulpal reasons. Only the vital abutment
teeth were selected, and they were evaluated for proper
positioning in the dental arch without any rotation, tipping,
malalignrnent, and periodontal problems. Tt was also made sure
that abutment teeth were opposed to natural dentition and had
no supraeruption. Abutments which were not satisfying these
criteria were excluded from the study group. Radiographic
evaluation was done to rule out any periodontal or periapical
pathologies of the abutments. Occlusal examination was done
to rule out any para functional habits and temporomandibular
joint ailments. All the abutment preparations were done by
the same prosthodontist to standardize the preparations. The
preparation design protocols were followed based on the study
done by Tara et al'®/ The preparation design had an occlusal
reduction of 1.5 mm, which was evaluated using wax check-bite
and measured using wax calipers. The preparation had a
circumferential chamfer finish line design with a circumferential
reduction of 0.8 mm and a total convergence of 6°. All internal
angles were carefuﬂy rounded. Impression was made using
addition polyvinyl siloxane material (Aquasil Soft Putty/
Regular Set, Dentsply DeTrey GmbH, Germany) and poured
with Type IV die stone (Fuji rock, GC). The cast was sent to
Dent Care Dental Lab (Muvattupuzha, Kerala, India) for the
construction of DMLS posterior three-unit metal-ceramic
fixed partial denture. Provisional restoration was done using
poly methyl methacrylate (Dental Products India [DPI], Rapid
Repair Cold Cure, DP], Mumbai).The digital construction of
the metal framework was done using computer software, and
the laser sintered processing was done by the laser sintering
unit (EOSINT M 270, Eos Germany) where a high energy
focused laser beam directly fuses a localized region of a thin
layer of cobalt—chromium metal powder to build up the
restoration gradually. The thickness of the metal copings

was a minimum of 0.35 mm with a connector thickness of

3 mm. The thickness of the veneered ceramic (VITA VM
13 ceramic) was 1.15 mm occlusally and 0.8 mm cervically.
Sandblasting was done using 50 um alumina. Intraoral
evaluation of the restorations were made for marginal integrity,
and occlusal contacts were evaluated with articulating film
and adjustments were made using porcelain polishing kit to
attain contacts in maximum intercuspation, and to eliminate
lateral interferences. Cementation was done using Type I
glass ionomer cement (GC Corporation Tokyo, Japan).
Post-insertion oral hygiene instructions including interdental
brushing were explained to the patients and recommended
to follow regularly. Recall visits were made at 6, 12 months
interval and annually thereafter for the next 60 months to
follow-up the restorations that were made. Though recall
visits were done at 6 months interval, only annual evaluation
was done to assess the longevity of the restorations. The
clinical evaluation was done by qualified prosthodontists
by visual and clinical examination using conventional dental
diagnostic instruments. To standardize the assessment on the
longevity of restorations, the restorations in the study group
were evaluated using the recommended clinical indices called
the modified Ryge clinical criteria [ Table I].”' These criteria
through visual and probing examination assesses the fracture
resistance of the veneered ceramic, connector failure occurring
in the fixed partial denture prosthesis, discoloration at the
marginal areas of the veneered ceramic, and marginal integrity
of the fixed denture prosthesis. According to the criteria, all
categories were given scores namely Alpha, Bravo, Charlie,
and Delta ratings to determine whether the restorations is in
excellent state or failing during the study period. Radiographic
periapical assessment of the abutments and proximal caries
assessments were also done during the annual evaluation. The
variables were graded based on the clinical evaluation and the

Table 1: Clinical evaluation of restorations using modified
Ryge criteria

Clinical evaluation of the restorations in terms of fracture
measurements
Alpha - A. Smooth surface of the restoration (shiny after air drying)
Bravo - B. Dull surface and/or chipping of porcelain that does not
impair function
Charlie - C. Chipping of veneering porcelain impairing esthetics and
function and/or exposing framework material
Delta - D. Fracture of connector between the pontic and retainer
and/or fracture through frame work material
Clinical evaluation for marginal adaptations
Alpha - A. No visible evidences of crevice along the margins; no catch
or penetration of the explorer
Bravo - B. Visible evidence of crevice and/or catch of explorer; no
penetration of the explorer
Charlie - C. Visible evidence of crevice and penetration of the explorer
Delta - D. Restoration is mobile, fractured, or missing
Clinical evaluation for marginal discoloration
Alpha - A. No discoloration not penetrating in pulpal direction
Bravo - B. Superficial discoloration but not penetrating in pulpal
direction
Charlie - C. Discoloration and penetrating in pulpal direction
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probability distributions of these were calculated. An analysis
of survival using the Kaplan—Meier method with approximate
95% confidence intervals was performed for the survival of
these posterior fixed partial dentures.®’

RESULTS

In this study group of 45 patients, (24 male and 21 female
patients) who received the metal-ceramic posterior fixed partial
denture done with DMLS technique had been evaluated
periodically using modified Ryge criteria for the period of
60 months to assess the clinical longevity of these restorations.
At the end of evaluation period of 60 months for fracture
resistance 39 restorations which had smooth, shiny surface and
without any defects were rated Alpha [Figure 1], four restorations
with mild chipping of the veneering porcelain and was not
impairing the functioning of the metal-ceramic prosthesis was
reported Bravo [Figure 2], and two restorations reported Charlie
had chipping of veneering porcelain impairing esthetics and
exposing the framework material. The exposure was reported
at the distolingual cusp areas of one case [Figure 3] and at the
area of central fossa in the other case. These two restorations

which had Bravo rating during the end of the 3" year gradually

Figure 3: Chipping of veneering porcelain impairing esthetics
(Charlie rating)

progressed to the Charlie rating at the end of the 5" year of
the study. On visual and probing examination for marginal
adaptation, 43 restorations reported with Alpha rating and one
each was reported for Bravo [Figure 4], and Charlie and no cases
reported Delta ratings. For marginal discoloration, only two cases
reported Bravo rating and all other cases reported Alpha rating.
The distribution of clinical criteria and its ratings for the study
group is shown graphically [Figure 5]. Radiographic assessment
for the period of 60 months had 43 cases with no evidence of
any periapical changes [Figure 6]. Only one case reported with
radiographic evidence of incipient proximal caries requiring
restoration of the proximal teeth adjacent to the abutments,
and the other with abutment teeth exhibiting periapical changes
requiring root canal therapy during the study period. None
of the cases had fracture of the framework, and retention was
maintained for all the posterior fixed partial denture cases.
The survival rate of the laser sintered posterior metal-ceramic
tixed partial denture without any major fracture of the
ceramic material, or the connector framework was 95.5% with
confidence interval of 78-96% during the observation period of
60 months [Figure 7], and mechanical complication [Figure 8]

Figure 2: Mild chipping of the veneering porcelain and not impairing
the function (Bravo rating)

Figure 4: Visible evidence of crevice and penetration of explorer
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Figure 5: Distribution of the 3 clinical criteria and its ratings
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Figure 7: Survival curve for the direct metal laser sintered posterior
metal-ceramic fixed partial denture

occurred as a result of major chipping of the veneer porcelain

was only 4.5% with confidence interval of 85-98%.

DISCUSSION

Taggart was successful in using wax to form the pattern and used
pressure to cast the alloys which formed the basis of conventional
casting technique. Conventional form of casting is still widely
practiced and had become the mainstay of casting alloys used

n clentistry.[q'II

I Due to the use of computer—aided design and
computer-aided manufacturing in dentistry, the trend in dental
alloy castings has also undergone tremendous change.'"! The
laser sintering process was introduced by Deckard and Beaman,
referred to as three dimensional printing because it builds up the
framework in a series of successively thin layers in the range of
0.02-0.06 mm. A laser beam is focused on a bed of powdered
metal, and these areas fuse into a thin solid metal layer. After
the formation of the first layer, another layer of alloy powder is
then laid down, and the next slice of the framework is produced
and fused with the first. When all these layers have been built
up, the solid copings and bridge framework are taken from the
machines which are then sandblasted and ultrasonically cleaned.
1214 T he metal laser sintered copings have a primary composition
of chrome cobalt alloy. The other ingredients include tungsten,

molybdenum, iron, silicon, cerium, manganese, and carbon. These

Bt X ™ by
Figure 6: Radiographic assessment of the fixed partial denture
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Figure 8: Mechanical complication during the follow-up period

laser sintered variants are nickel- and beryllium- free. The allergic

(IS0 aser sintered crowns

response to chrome cobalt alloy is rare.
and bridges are of a particle size of 3—14 (m and when combined
with very fine point laser of 0.1 mm results in a higher density of
around 99.9%, resulting in stronger copings with practically no
voids. Hence, the laser sintered process results in highly accurate

[17.18] Laser sintered metal crowns

and well-detailed restorations.
were compared with conventionaﬂy made cast crowns for the
internal fit and the results indicate the marginal gap for laser
sintered crowns was on an average of 65 [im when compared to the
conventionally made crowns with a value of 150-125 pm.!"***
The earlier clinical studies conducted with this laser sintered
technology were made only for single unit metal-ceramic crowns."’
Based on the promising results obtained from various in vitro
studies and an in vivo study for single unit crowns for DMLS
technique, this study on fixed partial denture made from DMLS
technique was undertaken since the complex biomechanical
functions of posterior metal-ceramic fixed partial dentures which
have connectors is entirely different from the function of single
unit metal-ceramic crowns. T he clinical foﬂow—up of laser sintered
posterior metal-ceramic fixed partial denture indicated chipping of
the veneering porcelain at 60 months for two cases indicating the
need to replace the posterior fixed partial denture due to esthetic
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concerns over the study period. Chipping might be attributed to
the anatomical preparation of the abutment teeth in the arch, the
homogeneous dimensions of the veneer ceramic, and the ceramic
bonding to the metal copings.**) Minor chipping which occurred
for the 4 cases was not further progressing during the study
period. The failure rate in this study for the direct metal sintered
posterior fixed partial denture obtained was 4.5% [Figure 7]
which was in the range comparable to conventionally done cast
metal-ceramic restorations which ranged from a value of 2.50%
to maximum of 7.60% obtained from other study.** The veneer
fracture reported with opposing natural dentition denotes the
biomechanical differentiation of load applied onto the veneered
ceramic of the laser sintered posterior fixed partial denture.
Marginal discoloration and caries obtained in this study were 4%
in comparison to range up to 21.20% obtained for conventional
cast metal-ceramic restorations** during the same study period
denoting the lack in hygienic measures taken by the patient to
manage the marginal gingiva and crevices. These patients were
instructed, and measures were made to improve the hygienic
conditions during the study period. The survival rate of laser
sintered metal-ceramic posterior fixed partial denture restorations
was 95.5% in comparison to the conventional cast metal-ceramic
fixed partial denture of 84.3%.*°) Mechanical complication
occurring as a result of major chipping of the veneer porcelain
was only 4.5% which indicated promising clinical efficacy of
the laser sintered metal-ceramic posterior fixed partial dentures.
Clinical performance of posterior fixed partial dentures done
with DMLS technique needs more years of clinical research to be
comparable with conventional metal-ceramic which has reports
of more than 20 years of clinical service.

CONCLUSION

Laser sintered metal-ceramic posterior fixed partial dentures
have yielded promising results during the observation period of
60 months by proving their dinical survival rate of 95.5% indicating
greater clinical acceptability for use in day-to-day clinical practice.
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