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Abstract:

Aim: To evaluate the accuracy and oral health-related quality of life in patients with selective laser melted versus
conventional metallic maxillary single denture base. Materials and methods: Twenty-six maxillary edentulous
patients were included in this study. Each patient randomly received two maxillary metallic complete dentures
(selective laser melted and conventional) in a randomized crossover study design. Two groups were investigated;
the selective laser melted Co-Cr group (SLM Co-Cr) and the conventional Cobalt Chromium (casted Co-Cr) group.
A colour-mapping software was used to superimpose the STL (standard tessellation language) file of each metallic
maxillary denture base with the reference design STL file. The root mean square (RMS) was used to evaluate the
groups’ accuracy. The oral health-related quality of life was evaluated in both groups at 1-week and 3-month
followed-up visits using the Oral Health Impact Profile for Edentulous (OHIP-EDENT) questionnaire. Results: The
SLM Co-Cr group showed statistically significant superior accuracy with the lowest deviations with an overall root
mean square (RMS) value of 0.19 mm, while the casted Co-Cr group showed an overall RMS value of 0.38 mm.
Moreover, the patients in the SLM Co-Cr group reported a significantly better oral health-related quality of life
compared to those in the casted Co-Cr group. Conclusion: Within the limitations of this study, the selective laser
melted cobalt chromium denture base may exhibit significantly superior accuracy and improved patients' oral health-
related quality of life compared to the conventional cobalt chromium base in maxillary single denture cases.
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Introduction of the opposing dentition, especially anterior
Single denture construction against natural teeth. -
natural dentition represents a great challenge to
prosthodontists owing to several drawbacks
like frequent prosthesis fracture, especially at
the midline, dislodgement, difficulty in
obtaining occlusal balance, and providing
satisfactory aesthetics due to the fixed position

Denture bases are frequently subjected
to a combination of compressive, tensile, and
shear stresses, causing a traumatic effect on the
supporting soft and hard tissues, especially in
ill-fitting dentures. Polymethyl methacrylate
(PMMA) denture bases offer good mechanical,
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biological, and aesthetic qualities, but they may
fail if subjected to large masticatory or
functional stresses, especially in cases of single
dentures as opposed to natural dentition. Hence,
metallic denture bases can provide a better
alternative in these cases. ¢ Metallic denture
bases can provide excellent strength and allow
the usage of thin-sectioned metallic denture
bases while still maintaining rigidity, fracture
resistance, high thermal conductivity, and less
interference with phonation with complete

dentures. 67

Digital technology in the prosthetic
dental field including computer-aided design
(CAD) and computer-aided manufacturing
(CAM) technology has been broadly used in the
fabrication of various prostheses due to its
increased  efficiency, automaticity, and
accuracy of the entire treatment flow. @10
CAD/CAM technologies for metallic prosthetic
fabrication eliminate the need for duplicating
impressions and refractory casts required in
conventional casting which may simplify the
fabrication process, reduce material costs, and
save time. @Y Digital fabrication including
subtractive and additive  manufacturing
techniques; where additive manufacturing
(AM) or three-dimensional printing (3D)
printing techniques include stereolithography
(SLA), selective laser sintering (SLS) digital
light projection (DLP), jet printing, fused
deposition modelling (FDM), and selective
laser melting (SLM). #2149

The 3D printing techniques require the
addition of elements in a 3D perception,
increment by increment. Using this technique
extremely sophisticated forms and complex
geometrical shapes can be constructed which
may not be feasible using subtractive
techniques. Accordingly, 3D printing
technologies enabled the construction of dental
prostheses demanding extreme levels of
accuracy. *® 3D technologies can be utilized to
construct prostheses from various materials
involving metals, ceramics, and resins. @9
Regarding the 3D printing techniques used in
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dental prosthesis construction from metals,
selective laser melting (SLM) is one of the best
techniques. This technique utilizes a high-
energy laser beam to fuse the powder of metal
to fabricate three-dimensional items layer by
layer. Concerning the metals used in the
construction of dental prostheses, cobalt-
chromium (Co-Cr) alloys can be a material of
choice owing to their biocompatibility, erosion
resistance, low cost, high hardness, fracture
resistance, and strength. @)

Retention of denture base is an
extremely important quality of denture bases
guaranteeing satisfactory oral functions and
patient satisfaction. It depends on the
anatomical structure of the residual ridge,
sufficient extension, and accurate fit of the
denture base to the supporting structures. The
intimate contact between the supporting
structures and denture base permits the
formation of the physical forces of retention
developed by the creation of thin salivary film
and the existence of a negative atmospheric
pressure established by an accurately fitted
intaglio surface and good peripheral seal. These
forces generate resistance to vertical
dislodgment and enhanced stability of the
denture base especially in maxillary dentures.
8 Accordingly, the retention and accuracy of
the denture base can be primally affected by the
impression technique, material, and the
technique of construction of the denture base.
The accuracy of digitally fabricated dentures
can be described in terms of trueness or
precision. V)

Oral health-related quality of life
(OHRQoL) plays an important role in research
and clinical practice. WHO recognized
OHRQoL as an important segment of the global
healthiness program. The Oral Health Impact
Profile (OHIP) questionnaire is one of the
utmost precise tools employed to assess quality
of life in dental patients. The Oral Health
Impact Profile for Edentulous (OHIP-EDENT)
is the most used questionnaire for edentulous
patients, it consists of seven domains with
specific questions to distinguish the influence
of oral healthiness on life quality of edentulous



El-Asfahani et al.

patients before and after their dentures have
been delivered. 129

The digital (CAD/CAM) techniques
are anticipated to be a better substitute for the
conventional casting techniques utilized in
metallic denture base construction with
comparable or even better treatment outcomes.
Although  3D-printing technologies are
employed frequently in the construction of
dental prostheses, research concerning the
accuracy of selective laser melting techniques
used in the construction of dental prostheses is
scarce. Most studies that investigated the
accuracy of SLM techniques were conducted to
test the accuracy of partial denture frameworks.
2123 Moreover, almost no clinical studies have
been found in the literature to test the accuracy
of selective laser melted Co-Cr maxillary single
dentures except for a study that was conducted
to evaluate the fit (adaptation) and retention of
selective laser melted metallic maxillary
dentures in completely edentulous patients. ¢4
Furthermore, studies that investigated patient
satisfaction with selective laser melted dental
prostheses are extremely rare. Most of the
research evaluated patient satisfaction with
SLM frameworks. 529

Hence, a question arose whether the
selective laser melted Co-Cr can provide a
better denture base in single maxillary denture
cases compared to conventional Co-Cr in terms
of accuracy and oral-heath related quality of
life. The study aimed to evaluate the accuracy
and oral health-related quality of life in patients
with selective laser melted versus conventional
metallic maxillary single denture bases. The
null hypothesis was that there would be no
significant difference between Selective laser
melted and conventional Co-Cr denture bases
regarding their accuracy and oral-heath related
quality of life in maxillary single denture cases.

Materials and methods
Sample size calculation

The minimal sample size was
calculated based on a previous study aimed to
determine the fit (accuracy) of complete
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denture bases constructed digitally or
conventionally. @?® To evaluate and compare
their accuracy scans were matched and
compared on a colourmap software program
that measured their accuracies with the root
mean square (RMS). The RMS corresponds to
the square root of the mean squared differences
between the predicted (reference) and observed
(measured) results. It is used to measure the
accuracy of samples. The lower values of the
RMS indicate improved accuracy of the
samples. On the contrary, the higher values of
the RMS indicate a greater discrepancy
between the predicted and actual outcomes with
inferior accuracy. @*39 The sample size was
calculated based on the former study results @9,
assuming a power of 80% ($=0.20) to perceive
a standardized effect size in RMS deviation
(primary outcome) of 0.2777, and a level of
significance 5% (error accepted =0.05), the
minimum essential sample size had to be 21
patients. Next modification for a dropout
percentage of 20%, the sample size was raised
to 13 patients for each group. Hence, the whole
sample size was 26 participants.

Patients’ selection

Twenty-six patients (their age ranged
from 53 to 66 years old) with edentulous
maxillary arch opposed by fully dentulous
mandibular arch were selected to participate in
this study from the out-patient clinic of the
Prosthodontics  department,  Faculty  of
Dentistry,  Ain-shams  University.  Their
inclusion criteria were: (1) maxillary
edentulous patients with normal
maxillomandibular relation (Angle Class 1), (2)
patients with good oral hygiene and Firm
healthy alveolar mucosa, (3) at least 6 months
since last extraction, (4) with past records of
recurrent fracture of upper denture, subsequent
repair, and possibly several new dentures, and
(5) cooperative patients who were informed
about the nature of the study and signed an
approval consent.

The exclusion criteria were: (1)
patients who had ridge or soft tissue pathology,
(2) patient with Angle Class Il or IlI, (3)
decreased salivary flow, and a history of
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administration of medications changing the
quality and quantity of saliva, (4) presence of
severe ridge undercuts, palatal tori extended to
the posterior palatal seal area, (5) uncontrolled
diabetes, TMJ disorders, Parkinson’s disease
patients and (6) patients with unrealistic
aesthetic concern or refusal to palatal metal
display. All the patients were precisely
informed about the nature and the design of the
study. Each patient has signed a written
informed consent form.
Patients’ grouping and randomization
This study followed the Declaration of
Helsinki and matched the guidelines specified
by the consolidated standards for reporting
randomized trials (CONSORT). This study was
designed to be a randomized clinical trial done in a
crossover manner. Patients’ randomization and
allocation in the study groups were performed by an
independent clinician blinded by the study nature
using randomly produced numbers by a software
aprogram (Minitab 17.0, USA). Participants
were randomly allocated into 2 groups
according to the maxillary denture base’s
technique of construction and the sequence of
treatment into the following two groups:
- Group I: Thirteen Patients who received
SLM Co-Cr maxillary denture base for three
months. Then, these patients had a washout
period of two weeks without wearing their
dentures followed by receiving a conventional
(casted) Co-Cr maxillary denture base for
another three months.
- Group Il: Thirteen Patients who received
conventional (casted) Co-Cr maxillary denture
base for three months. Then, these patients had
a washout period of two weeks without wearing
their dentures followed by receiving an SLM
Co-Cr maxillary denture base for another three
months (fig.1).

The maxillary
construction
Primary impressions of both maxillary
and mandibular arches were recorded with
stock trays packed with irreversible
hydrocolloid material (Cavex CA37, Normal
Set, Holland) for obtaining study models.

single dentures
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Maxillary trial denture base and special trays
were fabricated using auto-polymerizing
acrylic resin (Palapress Vario Heraeus Kulzer,
Hanau, Germany) on the primary model.

Bruce Technigue had been used where
provisional facebow and centric jaw relation
records for mounting of maxillary and
mandibular primary casts on an articulator
(HANAU Modular; Whip Mix Corporation,
Farmington Ave, Louisville, KY, USA) for
setting up of the maxillary cross-linked acrylic
resin (Poly Dent, MBA trading co., Slovenia)
artificial teeth. The opposing mandibular
natural teeth intervening with artificial teeth
were altered the mandibular study cast and
consequently, a transparent auto-polymerizing
acrylic template was constructed on the
modified mandibular study model. The
opposing natural teeth were altered intraorally
guided by the transparent acrylic template. The
fitting surface of the template was covered with
pressure-indicating paste and placed on the
lower natural teeth, interferences were
perceived through the template and their
occlusal anatomy was reshaped to remove these
interferences. This procedure was repeated till
a suitable occlusal balance was reached and the
template was properly seated. The altered teeth
were polished, stannous fluoride gel was
applied to the teeth. The final impression for
the dentulous modified mandibular arch was
taken with alginate and maxillary secondary
impressions were made using rubber base
impression material (Impergum penta soft,
medium Body 3M, ESPE, USA)

Digital Designing

The maxillary edentulous master cast
was fixed on the scanner table and was scanned
by means of a benchtop scanner (3Shape D850
3D Scanner, Copenhagen, Denmark). The
standard tessellation language (STL) file was
imported, and the metallic denture base was
designed using the 3Shape software program
(3Shape dental designer, 3Shape A/S,
Copenhagen, Denmark) (Fig.2). For each
patient, two Co-Cr maxillary metallic denture
bases were planned to be constructed using the
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same STL file digitally designed following two
different manufacturing techniques (SLM and
conventional casting). The STL file of the
denture base was transferred to CAM software
of a digital light projection (DLP) 3D-printing
machine ((MOGASSAM dent 2, Egypt ) to
construct a castable 3D-printed resin (IFUN
Dental Casting Resin, lancer 3d) denture base
(fig. 3). Afterward, this 3D-printed resin base
was washed twice in an ultrasonic bath
containing 96% ethanol solution. Next, it was
placed in a post-curing unit for half an hour then
tried intraorally to be checked for proper
seating.

Regarding the SLM Co-Cr group, the
same STL file of the denture base design was
imported to the software (Materialise Magic
Print Metal for Vulcantech, Materialise HQ,
Technologielaan 15,3001 Leuven, Belgium.) of
an SLM 3D printing machine (VENEA V120,
VULCANTECH GmbH, Germany). The
machine reservoir was filled with Co-Cr
powder (Starbond Easy Powder 30; Schefner
GmbH) having particle sizes varying from 10 to
30 pum, with print layer thickness fixed to 25
um. An air-cooling high-power fiber laser (IPG
photonics, 200-W Fiber laser, Germany)
system was utilized in fusing Co-Cr powder.
The printing process began with a 30-degree
build orientation angle. Printing each denture
base needed one and a half hours. Afterward,
the supporting arms of the denture base were
cut from the platform using an air turbine
handpiece (T2 turbine; Dentsply Sirona). The
same procedures were repeated for the rest of
the SLM Co-Cr denture bases in the group
(fig.4a).

Regarding the conventional (casted
Co-Cr) base group, the 3D-printed resin base
was sprued and then invested with a phosphate-
bonded investment material (VarseoVest PP,
GmbH & Co.KG, Germany) and casted in Co-
Cr alloy (WIRINIUM®, BEGO GmbH &
Co.KG, Bremen, Germany) following the lost
wax (casting) technique. The same procedures
were repeated for the rest of the casted Co-Cr
denture bases in the group (fig.4b).
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To guarantee standardization,
minimum finishing and polishing of the
external (polished) surface were accomplished
in both study groups’ denture bases. The same
technician performed the procedure using the
same finishing and polishing procedures in the
two groups utilizing rubber finishing wheels
(Rubber-Wheels; SAE-Dental Vertreps GmbH,
Germany) and brushes plus polishing paste
(Tiger Brilliant polishing paste; DT&SHOP
Dent aurum GmbH, Germany).

Accuracy assessment

All denture bases’ accuracy was assessed in
both groups using comparative 3D-analysis.
First, the bases were sprayed with a special anti-
glare spray (SHERA scan spray; SHERA
Werkstoff-Technologie GmbH Co) and then
scanned in the same laboratory with the same
laboratory scanner (E series, 3Shape,
Denmark). The inner fitting surfaces of casted
Co-Cr and SLM Co-Cr denture bases were
scanned by a single experienced examiner
blinded by the study design and nature. The
scan datasets were exported as STL files. The
latter STL files together with the STL files of
the reference design were imported to a 3D
analysis software (Geomagic ® Control X ™,
Arctec 3D, Luxembourg). Using this surface-
matching software, the STL file of each
scanned denture base was superimposed with
the original STL file of the reference design
through the best-fit alignment. The reference
design STL file was assigned to be the reference
data while the scanned denture base was
decided to provide measurement data. To
evaluate the adaptation and correspondence of
the metallic denture bases with the original
reference design, the software was programmed
to examine and compute the vertical deviations
between the superimposed STL files. The
measurements were done by a software
engineer blinded by the study's nature. The
deviation of the scanned base from the
reference design STL file was measured in
millimetres (mm). This deviation was
calculated using the software as the root mean
square (RMS) values and was reported for the



El-Asfahani et al.

negative (blue) and positive (red or yellow)
deviations. The maximum critical value was set
at £0.3mm. The results were in the form of
colour maps calculated at specific 20 measuring
points for each of the metallic denture bases at
the median palatine, incisive papilla, crest of

the ridge, and rugae areas. These colour maps
were evaluated visually to determine whether
the deviation was negative or positive. Finally,
the overall RMS value of the whole denture
base (SLM or casted) was also calculated.

Maxllary  edentulous patients with
mandibular remaining anterior teeth

eligihle for the studsy

n=32
Patientz excluded from the
study (following the
. exclusion critena)

n=a

Patients included i the study (MMatching
the inclusion criteria)

n= 2f

Patients” Fandotmization

Allocation of patients who
recetved casted Co-Cr then SLI
Co-Cr mastllary single denture in

Group [

n=13

l

Patients Bnished the follow up
period of the study

n=12

Sllocation of patients who
recetved SLM Co-Crthen casted
Co-Cr mastllary single denture
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n=13

l

Patients finished the follow up

peniod of the study

n=11

Figure 1. Flow diagram of the study
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Figure 4. (a) The SLM Co-Cr maxillary denture base,
(b) The casted Co-Cr maxillary denture base
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Fabrication of final maxillary single
denture

The finished and polished maxillary
SLM and casted Co-Cr denture bases were tried
in the patient’s mouth to check their adaptation
and fit. The maxillomandibular relationship
was recorded using the wax wafer technique.
Setting up of cross-linked acrylic resin teeth,
waxing up of the denture base, and try-in were
performed. Next, processing of the waxed-up
maxillary single dentures was done in heat-
cured acrylic resin (Vertex Regular and Vertex
Implacryl, Vertex Dental B.V., Zeist, The
Netherlands). Finishing and polishing of the
denture base resin were done following
conventional technique (fig.5). Either the SLM
or casted Co-Cr maxillary single denture was
delivered to each patient according to the
randomization protocol. Post-insertion
instructions were given to each patient. The first
follow-up visit was scheduled 1 week later, then
once every month for a three-month follow-up
period. Each patient was instructed to take off
his denture for a 2-week washout period. At the
end of this period, each patient was given the
other denture (SLM or casted) to wear for
another three months. The first follow-up visit
assigned to be after 1-week post insertion and
once a month for the next three-month follow-
up period.

Oral health-related quality of life

(OHRQoL) assessment

The oral Health-related Quality of Life
(OHRQoL) was assessed by a seven-domain
questionnaire with nineteen questions named
the Oral Health Impact Profile for Edentulous
(OHIP-EDENT) at the 1-week and 3-month
post-insertion  follow-up visits. It was
interpreted in the Arabic language and then
recited to the patients to be answered by them.
The domains were functional limitation,
psychological discomfort, physical disability,
handicap, physical pain, psychological, and
social disability (fig. 6). All questions offer
choosing from five answers; each answer is
provided with a score (0 =never; 1=seldom,;
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2 =fairly often; 3 = often; 4 =very often). The
total OHIP-EDENT questionnaire score varies
from 0 to 76 calculated by adding the scores of
the answer to each question. The lower score
represents an oral situation with an individual’s
improved perception and consequently a better
oral health-related quality of life. GV

Statistical analysis

Data of each study group (SLM or
casted) were gathered, tabulated, and analyzed
using statistical analysis software (IBM SPSS
statistics 22.0; IBM Corp., Armonk, NY, USA).
Shapiro-Wilk and Kolmogorov-Smirnov tests
have been utilized to test the normality of the
data. The accuracy data showed a normal
distribution, while the OHIP-EDENT Data did
not follow a normal distribution. Accordingly,
the normally distributed (parametric) data were
analysed using the paired T-test. On the other
hand, the data that did not show normal
distribution (non-parametric) were analysed by
the Wilcoxon signed-rank test. The data were
presented as mean * standard deviation (STD).
A p-value less than 0.05 (p<0.05) indicates
statistical significance.

Results

Twenty-six patients received two sets of
maxillary single dentures (SLM Co-Cr and
casted Co-Cr) following a randomized
crossover study design. Three patients dropped
out of the study and didn’t complete the whole
study period for either medical or logistic
reasons. All patients reported satisfaction with
the maxillary single denture. Moreover, the
patients with SLM Co-Cr denture bases
reported that their dentures had a significantly

lower weight compared to the casted ones.

The accuracy outcome

The colour maps of the denture bases in
both groups with positive and negative
deviations interpreting the clinically significant
areas are shown in Fig. 7 & 8. These colour
variations were represented with numerical
values. The green colour (acceptable deviation
and good fit) indicated deviations of less than
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0.1 mm, while the yellow colour (positive
deviation) indicated deviations between 0.1 to
0.25 mm. On the other hand, the red colour
(positive deviation) indicated deviations more
than 0.25 mm. The blue colour (negative
deviation) indicated deviations of more than 0.1
mm. The negative deviation (blue) showed
areas of tissue compression which implies that
the tested (experimental) measurements are
greater than the reference measurements which
may indicate strong tissue contact and might
suggest tissue compression below the denture
base. This compression especially at the
posterior palatal seal area may offer a tighter
seal and improved retention of the denture. On
the other hand, the positive deviation (yellow
and red) indicated the tested (experimental)
measurements are smaller than the reference
measurements which may indicate gaps and
space between the denture base and the
supporting tissues (misfit with space) and may
reduce denture retention. The green colour area
corresponded to ideal intimate contact between
the reference design and the denture base. 239

The areas of green colour in the SLM
group were greater compared to the casted
group which implied higher accuracy and
superior fit. The yellow and red colour areas
were more in the casted group compared to the
SLM group indicating lower accuracy and
inferior fit. These areas of yellow and red
colours were situated closer to the posterior
ridges’ crests in the SLM group. The blue
colour areas were more at the posterior areas of
the palate situated around the midline in the
SLM group (fig.9).

The measurements of accuracy were
made for each denture base group at the chosen
areas (the median palatine raphe, incisive
papillae, right and left ridge crests). The
assessed areas exhibited both negative and
positive absolute deviations and their root mean
square (RMS) values were calculated. The
results were represented as mean = STD in Table
1. The overall RMS was a representation of the
whole denture base accuracy. The RMS values
of the selected areas were significantly lower in
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the SLM Co-Cr group compared to the casted
Co-Cr group (p<0.05). Likewise, the overall
RMS value in the SLM Co-Cr group was
significantly lower compared to the casted Co-
Cr group. (p<0.05). This lower value of the
RMS indicated higher accuracy and superior fit
in the SLM Co-Cr group compared to the casted
Co-Cr group.

The oral health-related quality of life
(OHRQoL)

Each patient stated an overall
satisfaction following the insertion of the
maxillary denture. At the first week post-
delivery follow-up visit, the mean total OHIP-
EDENT score of the SLM Co-Cr and casted
Co-Cr groups were 2556 and 28.09
respectively (Tab. 2). There was no statistically
significant difference between the total OHIP-
EDENT score of the SLM Co-Cr and casted
Co-Cr group at the 1-week follow up visit
(p>0.05). On the other hand, there was a
significant decrease in the mean total OHIP-
EDENT score of the SLM Co-Cr and casted
Co-Cr groups which were 11.55 and 16.95
respectively at the 3-month compared to the 1-
week follow-up visit individually denoting
improved oral-health related quality of life.
Moreover, a statistically significant difference
was found between the total OHIP-EDENT
scores of both groups at the 3-month follow-up
visit compared to each other ( p<0.05).

Each domain scores were
compared individually between the SLM Co-Cr
and casted Co-Cr groups at the 1-week follow-
up visit, no statistically significant difference
was found between each domain scores of both
groups compared separately (p>0.05). On the
other hand, all domains’ scores decreased
significantly at the 3-month compared to the 1-
week follow-up visit in both groups (p<0.05).
Accordingly, the oral health-related quality of
life was enhanced significantly in both groups.
On comparing each domain scores individually
between the SLM Co-Cr and casted Co-Cr
groups at the 3-month follow-up visit, a
statistically significant difference was found
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between each domain scores of both groups
compared separately (p<0.05) except in the
physical disability domain where no
statistically significant difference was found
(p>0.05). Hence, the oral-health related quality
of life at the 3-month follow-up visit was
significantly better in the SLM group compared

to the casted group in all domains except in the
physical disability domain. In the latter domain,
the scores decreased in both groups
significantly (improved quality of life) but
compared to each other, no significant
difference was found.

v

Figure 5. a) The fitting surface of SLM Co-Cr denture base, b) The SLM Co-Cr denture base intraorally,
cc) The fitting surface of casted Co-Cr denture base, and d) The casted Co-Cr denture base intraorally.
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Domain OHIP-EDENT-N question (Baseline)

FL 1. Have you had difficulty chewing any foods because of problems with your teeth, mouth or dentures?

FL 2. Have you had food catching in your teeth or dentures?

P1 3. Have you had painful aching in your mouth?

P1 4. Have you found it uncomfortable to eat any foods because of problems with your teeth, mouth or dentures?

P1 5. Have you had sore spots in your mouth?

FL 6. Have felt that your dentures have not been fitting properly?

P1 7. Have you had uncomfortable dentures?

P2 8. Have you been worried by dental problems?

P2 9. Have you been self-conscious because of your teeth, mouth or dentures?

D1 10. Have you had to avoid eating some foods because of problems with your teeth, mouth or dentures?

D1 11. Have you been unable to eat with your dentures because of problems with them?

D1 12 Have you had to interrupt meals because of problems with your teeth, mouth or dentures?

D2 13. Have you been upset because of problems with your teeth, mouth or dentures?

D2 14. Have you been a bit embarrassed because of problems with your teeth, mouth or dentures?

D3 15. Have you avoided going out because of problems with your teeth, mouth or dentures?

D3 16. Have you been less tolerant of your partner or family because of problems with your teeth, mouth or dentures?

D3 17. Have you been irritable with other people because of problems with your teeth, mouth or dentures?

H 18. Have you been unable to enjoy other peoples company as much because of problems with your teeth, mouth or
dentures?
19. Have you felt that life in general was less satisfying because of problems with your teeth, mouth or dentures?

Figure 6. The OHIP EDENT-N questionnaire domains, FL functional limitation, P1 physical pain, P2
psychological discomfort, D1 physical disability, D2 psychological disability, D3 social disability, H
handicap.
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Figure 8. The colour map of conventional casted Co-Cr denture base
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Figure 9. The colour maps of the Co-Cr denture bases; a- SLM Co-Cr denture base and b- the casted Co-Cr

denture base

Table (1): The RMS (mean £+ STD) values for the SLM Co-Cr and casted Co-Cr groups at the

selected areas

SLM Co-Cr casted Co-Cr Paired
Group Group T-test value
Areas of measured accuracy
RMS RMS
mean £STD mean £STD
(mm) (mm)
Median palatine raphe 0.18 £ 0.06 0.29+£0.11 <0.001*
Incisive papilla 0.07 +£0.05 0.22 £0.06 0.0021*
Right ridge crest 0.10 £0.08 0.48+£0.14 0.0060*
Left ridge crest 0.08 £ 0.05 0.34+0.24 <0.001*
Overall RMS 0.19 +0.07 0.38+0.19 <0.001*

(Overall accuracy)

*p< 0.05 is considered statistically significant
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Discussion

The accuracy measurements and Oral
health-related quality of life in patients with
maxillary single denture base were significantly
different in the SLM Co-Cr group compared to
the casted Co-Cr group. Accordingly, the
construction technique of the metallic single
denture base can affect the accuracy and the
Oral health-related quality of life. Hence, the
null hypotheses were rejected.

The prosthetic fabrication of a
maxillary single complete denture represents a
challenge due to heavy occlusal loading from
the opposing natural dentition on the edentulous
maxillary arch and the denture base material.
Moreover, a traditional material of the denture
base such as polymethyl methacrylate (PMMA)
with its vulnerable mechanical qualities may
fracture due to microcracks in the denture base.
Hence, metallic denture bases used as a
reinforcement of the conventional acrylic resin
denture bases may reduce the risk of midline
fracture  besides  dimensional  stability
improvement, retention enhancement, and
better accuracy of the final maxillary single
denture. 9
Metallic alloys, for example, Titanium,
nickel-chromium, and cobalt-chromium are the
most used metallic materials to fabricate
metallic denture bases with high stiffness,
strength, fracture resistance, and good
adaptability to supporting tissues. Metallic
denture bases may have some disadvantages
involving difficulty in construction, inferior
aesthetics, impediment of rebasing and relining
the prosthesis, extra time consumption, and
cost. (7,36-38)

The method  of
fabrication of metallic denture bases is casting

(lost wax technique) but this method has several

conventional

drawbacks and is time-consuming. Thus,
improving and introducing new techniques for
fabrication was essential to produce accurate
denture bases providing a better quality of life
for patients, especially in cases with maxillary
single dentures. The digital era to produce
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metallic denture bases including designing and
fabrication may provide a good solution to the
drawbacks of the conventional method. ¥

Digital additive techniques such as
rapid prototyping eliminate many physical
stages such as duplicating, waxing-up, and
investing steps in the conventional methods.
Hence, it can provide rapid designing and
production of accurate metallic denture bases
with satisfactory biological and mechanical
properties %

The 3D-analysis software was used to
evaluate accuracy as it can identify the
qualitative and quantitative 3D-deviations
between the reference design STL file and the
scanned SLM and casted Co-Cr denture bases’
STL files. The qualitative analysis
accomplished by reviewing and interpreting of
the colour maps produced by the software
reports indicating the surface negative and
positive  3D-deviations. The quantitative
analysis was denoted as a root-mean-square
(RMS) value. The “best fit” of these two
surfaces was produced by colours indicating the

was

various sizes of gaps or indentations between
the metallic denture bases and the model at 20
different points. 4049

The significantly lower RMS values
and greater green colour areas (acceptable
deviation) good fit in the SLM Co-Cr group
compared to the casted Co-Cr group proved the
superior accuracy of the SLM group. On the
other hand, the casted Co-Cr group showed
significantly greater yellow and red (misfit with
space) areas compared to the SLM Co-Cr group
which indicated lower accuracy and inferior fit.
This finding might be attributed to the digital
designing and manufacturing techniques that
might have led to improvements over
conventional techniques, including reduced
laboratory steps, ease of usage, efficient use of
resources, and reduced time of construction.
Moreover, 3D printing techniques can produce
larger complex items with irregular surfaces,
and undercuts. Hence, this technique can be
suitable for the fabrication of metallic denture
bases and frameworks. The passive nature of
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this fabrication technique, due to the absence of
force application and vibration of the machine

throughout the construction of the workpiece,
permits the fabrication of thin and complicated
structures. 64 Takaichi et al. *® study stated
that the mechanical properties of SLM Co-Cr
can be equal to or slightly superior to casting.

adequate corrosion resistance. “9 The enhanced
homogeneous  microstructure  of  SLM-
fabricated alloys might be due to layer-by-layer
building structure with local melting and rapid
solidification of the metal powder in contrast to

The
enhanced
consistent

SLM-fabricated prostheses
surface properties,
microstructure,

showed

such as a
hardness, and

casted alloys which possess a dendritic
microstructure. *7:50)

Table (2) Means and standard deviations of total OHIP-EDENT scores in SLM Co-Cr and
casted Co-Cr groups at the different follow-up visits.

OHIP-EDENT 1-week N Wllcoxon 3-m0nth. . Wllcoxon
Domains Study groups Follow-up visit  signed rank  Follow-up visit signed rank
(mean £ STD) p-value (mean £ STD) p-value
Total OHIP- SLM Co-Cr 25.56 +14.67* 0.768 11.55+3.04° 0.015*
EDENT casted Co-Cr 28.09+£12.17° ) 16.95+5.48°
Functional SLM Co-Cr 443+1.27° 0.324 1.56 £0.84° 0.004*
limitation casted Co-Cr 5.29+2.06° ' 2.71+1.76°
SLM Co-Cr 6.96 £1.372 2.98+£1.02°
Physical pai 0.986 <0.001%*
YSIATPAM T casted Co-Cr 6,53 £2.27° 341+187°
i - 43+1.13° 09+095°
Ps;zchologlcal SLM Co-Cr 243+1.13 0.580 1.09 +£0.95 <0.001*
discomfort casted Co-Cr 2.16 £ 1.46*° 2.04+£1.86°
Physical SLM Co-Cr 3.37+1.98% 236+1.61°
e 0.630 - 0.981
disability casted Co-Cr 439+0.25° 2.80+1.25
Psychological SLM Co-Cr 1.39+0.967? 0.081 1.01£0.59° 0.021*
disability casted Co-Cr 2.24+0.76* ' 1.36 £1.51°
SLM Co-Cr 4.57+1.61° 2.07+1.37° <0.001%*
Social disabilit 0.068
octal QISabTIY ™ Casted Co-Cr  4.81£0.70° 274+ 1.88°
SLM Co-Cr 2.41+£0.80° 0.57+0.69° 0.031*
Handi 0.091
andicap casted Co-Cr  2.67+1.70° 1.89 = 1.45°

* p-value < 0.05 is statistically significant

Different superscript letters in rows indicate statically significant difference.

The current study results agree with the
results of several studies that investigated the
accuracy of SLM versus conventional
techniques in the construction of partial denture
frameworks. These studies stated that SLM
techniques can provide a more accurate
prosthesis compared to conventional (casting)
techniques. ¢!>3) Furthermore, Forrester et al.
study investigated the accuracy of SLM for the
fabrication of a palatal coverage metal
framework that resembled the full coverage in
metallic denture bases. The latter study stated
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that the accuracy of SLM-fabricated
frameworks was comparable to or even better
than that of conventionally casted ones. © On
the other hand, the present study results
contradict the results of two studies which
concluded that the accuracy of SLM-fabricated
frameworks might possess inferior accuracy
compared to conventional or milled
frameworks. The first study stated that the
SLM-constructed frameworks might possess
inferior accuracy in comparison to milled
frameworks. ® Moreover, the second study
investigated the accuracy of CAD/CAM
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combined with casting techniques using a light
microscope which was a different method of
evaluation from the 3D analysis software used
in the current study. ¥

The OHIP-EDENT questionnaire was
elected for the assessment of edentulous
patients’ quality of life and satisfaction as it
could detect changes in the quality of life of
denture wearers after the insertion of new
prostheses, showing favourable receptiveness.
9 There was no significant difference in
domain scores in the studied groups at the 1-
week follow-up visit but a significant decrease
in domains scores at the 3-month follow-up
visit. This finding may be due to better
adaptation, improved oral functions, and
neuromuscular control with time in both
groups, which improved patients' oral health-
related quality of life. As time passed, the
participants became familiar with
procedures during the observation period.

more

Regarding each domain scores when compared
individually between the two studied groups,
the SLM Co-Cr group showed better health-
related quality of life than casted Co-Cr group.
This outcome can be attributed to the superior
accuracy investigated earlier in the study. This
superior accuracy (lower deviations and greater
green areas) might have enhanced the fit and
to the
underlying supporting structures and improved
the seal, especially in the posterior palatal seal

adaptation of the denture bases

area (blue areas with slight tissue compression)
in the SLM group. Accordingly, the retention of
the SLM bases was enhanced which in turn
improved functions (mastication and speech),
psychological acceptance, and confidence in
patients. Moreover, the improved mechanical
properties such as yield strength and ultimate
tensile strength might have led to the superior
performance in the SLM denture base group.
(48,5559 The current study's finding agrees with
those of other studies which concluded that
digitally constructed dentures can provide
significantly superior patients’ oral health-

related quality of life with better satisfaction.
(60,61)
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The limitations of this study were the
relatively small sample size with a short follow-
up period. Another limitation is the restricted
outcomes evaluated. Accordingly, future
studies with greater sample sizes and longer
follow-up periods are required to assess the
effect of denture bases’ construction technique
(SLM or conventional) on their accuracy, oral
health-related quality of life, prosthetic
complications, retention, and biocompatibility.

Conclusion

Within the limitations of this study, the
selective laser melted cobalt chromium denture
base exhibit significantly
accuracy and improved patients' oral health-
related quality of life compared to the
conventional cobalt chromium base in
maxillary single denture cases.
Conflict of interest
The authors declare no conflict of interest.
Funding

This research accepted no grant from
any funding agency in the public, commercial,
or not-for-profit sectors.
Ethics

This research protocol was approved
by the Faculty of Dentistry, Ain Shams
University ethical committee on 26 January
2023, approval number: (FDASU-RecIR
012338).

may superior

References

1. Singh A, Singh A. Single Maxillary
Complete Denture-Meeting  the
Challenge-A Clinical Case Report. Int
J Prev Clin Dent Res. 2014;1(1):58-61.

2. Dhiman RK, Chowdhury SR.
Midline fractures in single maxillary
complete acrylic vs flexible dentures.
Med J Armed Forces India. 2009 Apr
1;65(2):141-5.

3. Mohamed S. Evaluation of metal base
adaptation and clinical retention of
upper complete dentures with a CO-CR
metal palate constructed by two



El-Asfahani et al.

10.

11.

12.

different approaches. Egy Dent J. 2022
Oct 1;68(4):3771-82.

Fahimullah, Raza M, Akram S and
Afsar B. Association of patient related
factors with new complete dentures
satisfaction A study. Pakistan Oral &
Dent J 2016 ;36(3): 498-502.

Belfiglio EJ. Using metal bases in
making complete dentures. J of Prosth
Dent. 1987; 58(3):314-317.

Ohkube C, Abe M, Hosoi T, et al.
Comparative study of maxillary
complete dentures constructed of metal
base and metal structure framework. J
of oral rehab 2001; 28(1):49-56.

Gaba N, Mattoo KA, Daghiri S. Base
metal denture bases-clinical
indications. Am J Med Case Rep.
2022;10:59-63.

Lee S, Hong SJ, Paek J, Pae A, Kwon
KR, Noh K. Comparing accuracy of
denture bases fabricated by injection
molding, CAD/CAM milling, and
rapid prototyping method. The J of
advanced prosth. 2019 Feb;11(1):55-
64.

Goodacre CJ, Garbacea A, Naylor
WP, Daher T, Marchack CB, Lowry
J. CAD/CAM fabricated complete
dentures: concepts and clinical
methods of  obtaining  required
morphological data. J Prosthet Dent
2012;107:34-46.

Infante L, Yilmaz B, McGlumphy E,
Finger 1. Fabricating complete
dentures with CAD/CAM technology.
J Prosthet Dent 2014;111:351-5.
Wang C, Shi YF, Xie PJ, Wu JH.
Accuracy of digital complete dentures:
A systematic review of in vitro studies.
The Journal of prosthetic dentistry.
2021 Feb 1;125(2):249-56.

Al Jabi LM, Al Essa HA, Kamel S.
CO-CR complete maxillary denture
bases casted from 3d printed wax resin
patterns with one stabilization bar and
co-cr complete maxillary denture bases
casted from 3d printed wax resin

785

13.

14.

15.

16.

17.

18.

19.

20.

21.

patterns with two stabilization bars fit
accuracy comparison. International
Journal of Recent Scientific Research

2020
Lima, J.M.C., et al., Removable
partial dentures: use of rapid

prototyping. Journal of Prosthodontics,
2014. 23(7): p. 588-591.

Pereira, A.L.C., et al., Accuracy of
CAD-CAM systems for removable
partial denture framework fabrication:
A systematic review. The Journal of
Prosthetic Dentistry, 2020.

Van Noort R. The future of dental

devices is digital. Dent Mater
2012;28:3-12.

Singh S, Ramakrishna S, Singh R.
Material issues in additive

manufacturing: a review. J Manuf
Process 2017;25:185-200.

Koutsoukis T, Zinelis S, Eliades G,
Al-Wazzan K, Rifaiy MA, Al
Jabbari. Selective laser melting
technique of Co-Cr dental alloys: a
review of structure and properties and
comparative analysis with other
available techniques. J Prosthodont
2015;24:303-12.

Jacobson TE, Krol AJ. A
contemporary review of the factors
involved in complete denture
retention, stability, and support. Part I
Retention. J Prosthet Dent.
1983;49:11.

Shrestha B, Basnet BB, Adhikari G.
A questionnaire study on the impact on
oral health-related quality of life by
conventional rehabilitation of
edentulous patient. BDJ open. 2020 Jan
30;6(1):1-5.

Allen F, Locker D. A modified short
version of the oral health impact profile
for assessing health-related quality of
life in edentulous adults. International
Journal of Prosthodontics. 2002 Sep
1;15(5).

Peng PW, Hsu CY, Huang HY, Chao
JC, Lee WF. Trueness of removable



El-Asfahani et al.

22.

23.

24,

25.

26.

27.

28.

partial denture frameworks additively
manufactured with selective laser
melting. The Journal of prosthetic
dentistry. 2022 Jan 1,;127(1):122-7.
Rues S, Tasaka A, Fleckenstein I,
Yamashita S, Rammelsberg P,
Boehm S, Schwindling FS. Fit and
Retention of  Cobalt-Chromium
Removable Partial Denture
Frameworks Fabricated with Selective
Laser Melting. Journal of Functional
Biomaterials. 2023 Aug 8;14(8):416.
Heiba IM, Mohamed SL, Sabet ME.
Accuracy and surface roughness of Co-
Cr partial denture frameworks with
different digital fabrication methods.
The Journal of Prosthetic Dentistry.
2023 Dec 22.

Mohammed E, Elddamony E,
Mohamed S. Evaluation of metal base
adaptation and clinical retention of
upper complete dentures with a CO-CR
metal palate constructed by two
different approaches. Egyptian Dental
Journal. 2022 Oct 1;68(4):3771-82.
Almufleha B, Arellanob A, Tamimic
F. Patient-reported outcomes and
framework fit accuracy of removable
partial dentures fabricated using digital
techniques: A systematic review and
meta-analysis. Journal of
Prosthodontics. 2023 Nov 6.

Chia VA, Toh YL, Quek HC,
Pokharkar Y, Yap AU, Yu N.
Comparative clinical evaluation of
removable partial denture frameworks
fabricated traditionally or  with
selective laser melting: A randomized
controlled trial. The Journal of
Prosthetic Dentistry. 2022 Mar 5.
Tregerman I, Renne W, Kelly A,
Wilson D. Evaluation of removable
partial denture frameworks fabricated
using 3 different techniques. The
Journal of Prosthetic Dentistry. 2019
Oct 1;122(4):390-5.

Chebib N, Imamura Y, El Osta N,
Srinivasan M, Miller F, Maniewicz

786

29.

30.

31.

32.

33.

34.

S. Fit and retention of complete denture
bases: Part Il - conventional
impressions versus digital scans: A
clinical controlled crossover study.J
Prosthet Dent. Published online August
30, 2022

Aglera-Vega F, Carvajal-Ramirez
F, Martinez-Carricondo P. Accuracy
of digital surface models and
orthophotos derived from unmanned
aerial vehicle photogrammetry. Journal
of Surveying Engineering. 2017 May
1;143(2):04016025.

Hodson TO. Root-mean-square error
(RMS) or mean absolute error (MAE):
when to use them or not, Geosci. Model
Dev.2022, 15, 5481-5487.

De Carvalho BM, Parente RC,
Franco JM, Silva PG. GOHAI and
OHIP-EDENT Evaluation in
Removable Dental Prostheses Users:
Factorial Analysis and Influence of
Clinical and Prosthetic Variables.
Journal of Prosthodontics. 2021
Aug;30(7):581-9.

Katheng A, Kanazawa M, Iwaki M,
Arakida T, Hada T, Minakuchi S.
Evaluation of trueness and precision of
stereolithography-fabricated
photopolymer-resin  dentures under
different postpolymerization
conditions: an in vitro study. The
Journal of Prosthetic Dentistry. 2022
Sep 1;128(3):514-20.

Katheng A, Kanazawa M,
Komagamine Y, Iwaki M, Namano
S, Minakuchi S. Effect of post-rinsing
time and method on accuracy of
denture base manufactured with
stereolithography. The Journal of
Advanced  Prosthodontics. 2022
Feb;14(1):45-51.

You SM, You SG, Lee BI, Kim JH.
Evaluation of trueness in a denture base
fabricated by using CAD-CAM
systems and adaptation to the socketed
surface of denture base: An in vitro



El-Asfahani et al.

35.

36.

37.

38.

39.

40.

41.

study. The Journal of Prosthetic
Dentistry. 2022 Jan 1;127(1):108-14.

Hada T, Kanazawa M, lwaki M,
Arakida T, Soeda Y, Katheng A,
Otake R, Minakuchi S. Effect of
printing direction on the accuracy of
3D-printed dentures using
stereolithography technology.
Materials. 2020 Aug 2;13(15):3405.

Rathee M, Chahal S, Ahlawat A,
Alam M, Divakar S, Singh S.

Maxillary Complete Denture
Buttressed with Metal Denture Base
and Amalgam Stops Opposing

Deranged Occlusal Plane: A Case
Report. European Journal of Dental and
Oral Health. 2022 Mar 2;3(2):5-8.
Agarwal P, Arunachalam S, Saha A,
Agrawal G, Shrivastava RK, Pandey
SK. Fabrication of metal mesh
reinforced single maxillary denture.
JPID. 2021; 5(1): 21-5.

Gupta V, Kumar PS. Single complete
maxillary denture with metal denture
base — A case report. Int J Adv Res.
2019; 7(4): 1632-6.

Francisco X. Azpiazu-Flores,
Damian  J. Lee, Fengyuang
Zheng,The use of selective laser
melting in the fabrication of maxillary
and mandibular metal base complete
dentures for a patient with Ehlers-
Danlos syndrome: A clinical report,
The Journal of Prosthetic Dentistry,
Volume 124, Issue 5,2020, Pages 509-
513,

Negm EE, Aboutaleb FA, Alam-
Eldein AM. Virtual Evaluation of the
Accuracy of Fit and Trueness in
Maxillary Poly(ether ether ketone)
Removable Partial Denture
Frameworks Fabricated by Direct and
Indirect CAD/CAM Techniques. J
Prosthodontics. 2019;28(7):8 04-810.
d0i:10.1111/jopr.1307539.

Al Mortadi N, Alzoubi KH, Williams
R. A scoping review on the accuracy of
fit of removable partial dentures in a

787

42.

43.

44,

45.

46.

47.

48.

developing digital context. Clinical,
cosmetic, and investigational dentistry.
2020 Nov 19:551-62.
Rubayo DD, Phasuk K, Vickery JM,
Morton D, Lin WS. Influences of
build angle on the accuracy, printing
time, and material consumption of
additively  manufactured  surgical
templates. J Prosthet Dent
2021;126:658-63.
Son K, Son YT, Lee JM, Lee KB.
Marginal and internal fit and intaglio
surface trueness of interim crowns
fabricated from tooth preparation of
four finish line locations. Sci Rep
2021;11:13947-57.
Rungrojwittayakul O, Kan JY,
Shiozaki K, Swamidass RS,
Goodacre BJ, Goodacre CJ, Lozada
JL. Accuracy of 3D printed models
created by two technologies of printers
with different designs of model base. J
Prosthodont 2020;29:124-8.
Hussein MO, Hussein LA. Trueness
of 3D printed partial denture
frameworks: build orientations and
support structure density parameters.
The Journal of Advanced
Prosthodontics. 2022 Jun;14(3):150.
Barazanchi A, Li KC, Al-Amleh B,
Lyons K, Waddell JN. Additive
technology: update on  current
materials and applications in dentistry.
Journal of Prosthodontics. 2017
Feb;26(2):156-63.
Ohkubo C, Sato Y, Nishiyama Y,
Suzuki Y. Titanium removable denture
based on a one-metal rehabilitation
concept. Dental Materials Journal.
2017 Sep 25;36(5):517-23.
Takaichi A, Suyalatu, Nakamoto T,
Joko N, Nomura N, Tsutsumi Y et al
Microstructures and mechanical
properties of co-29Cr- 6Mo alloy
fabricated by selective laser melting
process for dental applications[J]. J
Mech Biomed Mater 2013;21(1):67-76



El-Asfahani et al.

49.

50.

51.

52.

53.

54.

55.

56.

Xin XZ, Chen J, Xiang N, Wei B .
Surface properties and corrosion
behavior of co-Cr alloy fabricated with
selective laser melting technique[J].
Cell Biochem Biophys 2013;67:983—
990

Ye Y, Jiao T, Zhu J, Sun J.
Adaptation and micro-structure of Co-
Cr alloy maxillary complete denture
base plates fabricated by selective laser
melting technique. Lasers in Medical
Science. 2018 Jul;33:1025-30.
Bajunaid, S.O.; Altwaim, B,
Alhassan, M.; Alammari, R. The Fit

Accuracy of Removable Partial
Denture Metal Frameworks Using
Conventional and 3D  Printed

Techniques: An In Vitro Study. J.
Contemp. Dent. Pract. 2019, 20, 476-
481.

Forrester, K.; Sheridan, R.; Phoenix,
R.D. Assessing the Accuracy of
Casting and Additive Manufacturing
33-Techniques for Fabrication of a
Complete Palatal Coverage Metal
Framework. J. Prosthodont. 2019, 28,
811-817.

Arnold C, Hey J, Schweyen R, Setz
JM. Accuracy of CAD-CAM-
fabricated removable partial dentures.
The Journal of prosthetic dentistry.
2018 Apr 1;119(4):586-92

Possebon APDR, Faot F, Machado
RMM, et al: Exploratory and
confirmatory factorial analysis of the
OHIP-Edent instrument. Braz Oral Res

2018;32:1-8.

Peroz S, Peroz |, Beuer F,
Sterzenbach G, von Stein-Lausnitz
M. Digital versus conventional

complete dentures: A randomized,
controlled, blinded study. The Journal
of Prosthetic Dentistry. 2022 Nov
1;128(5):956-63.

Takaichi A, Fueki K, Murakami N,
Ueno T, Inamochi Y, Wada J, Arai
Y, Wakabayashi N. A systematic
review of digital removable partial

788

57.

58.

59.

60.

61.

dentures. Part Il: CAD/CAM
framework, artificial teeth, and denture
base. Journal of Prosthodontic
Research. 2022;66(1):53-67.

Alageel O, Abdallah MN, Alsheghri
A, Song J, Caron E, Tamimi F.
Removable partial denture alloys
processed by laser-sintering technique.
J Biomed Mater Res B Appl Biomater.
2018;106:1174-85.

Gan N, Ruan, Sun J, Xiong Y, Jiao
T. Comparison of Adaptation between
the Major Connectors Fabricated from
Intraoral Digital Impressions and
Extraoral Digital Impressions. Sci Rep.
2018;8:529.

Tasaka A, Shimizu T, Kato Y,
Okano H, Ida Y, Higuchi S, et al.
Accuracy of removable partial denture
framework fabricated by casting with a
3D printed pattern and selective laser
sintering. J  Prosthodont  Res.
2020;64:224-30.

Ereifej] NS, Oweis YG, El Manaseer
W, Al Omoush S, Awwad MA,
Sartawi S.  Simplified  versus
conventional complete dentures: A
randomized crossover clinical trial.
The Journal of Prosthetic Dentistry.
2022 Mar 4.

Tew IM, Soo SY, Pow EH. Digitally
versus  conventionally  fabricated
complete dentures: A systematic
review on cost-efficiency analysis and
patient-reported outcome measures
(PROMs). The Journal of Prosthetic
Dentistry. 2023 Nov 23.



