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CAD-CAM implant-supported fixed complete dental prosthesis
with titanium milled molars: A clinical report
Abdulaziz AlHelal, BDS, MS,a Bader AlBader, BDS,b Mathew T. Kattadiyil, BDS, MDS, MS,c
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ABSTRACT
Implant-supported fixed complete dental prostheses have been associated with a high implant
success rate in long-term studies. However, they have also been associated with a high frequency of
prosthetic complications. The most frequent and primary prosthetic complication has been the
fracture or wear of the occlusal surface of acrylic resin teeth that are typically attached to a metal
framework. The design of the framework in this clinical report involved the incorporation of metal
occlusal surfaces for the posterior first molars to the framework. The titanium framework was
fabricated with computer-aided design and computer-aided manufacturing (CAD-CAM) tech-
nology. The remaining teeth were restored in a conventional manner with acrylic resin denture
teeth bonded to the titanium framework. This was expected to maintain the occlusal vertical
dimension and also reduce the frequency of the primary complications associated with these
prostheses. (J Prosthet Dent 2017;117:463-469)
Dental implants were first
introduced to treat patients with
complete edentulism in order to
stabilize their complete den-
tures.1 Later, with the introduc-
tion of multiple implants, the
implant-supported fixed com-
plete dental prosthesis (ISFCDP)
offered a prosthesis which had
no contact with the underlying
mucosa and was not removable
by the patient.2,3 High survival

rates have been associated with implant-supported
ISFCDPs.2-4 For an ISFCDP, a framework is fabricated and
secured onto implants with abutment screws, whereas the
acrylic resin base and denture teeth are mechanically and
chemically retained by the metal framework.5-7

Despite the high survival rates reported in several
long-term studies,3,4,8-10 position papers,11,12 and sys-
tematic reviews,13,14 a high incidence of prosthetic or
mechanical complications is associated with this type of
prosthesis. Fracture of the metal framework3,4,11,12 and
wear or fracture/chipping of the acrylic resin teeth8,9,11-15

have been reported as frequent complications associated
with ISFCDPs.16-19

Purcell et al9 reported that the most frequent com-
plications were fractures of the prosthetic acrylic resin
teeth and wear. They stated that patients were 52.5 times
more likely to need posterior replacement at 5 years than
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at 2 years. Acrylic resin tooth wear with an ISFCDP be-
comes more evident when opposed by natural teeth,
another ISFCDP, or with parafunctional activities.9,16,17

In their meta-analysis of ISFCDPs, Bozini et al13 re-
ported a cumulative rate of material wear estimated at
17.3% after 5 years, 31.6% after 10 years, and 43.5% after
15 years.

Several options have been suggested to decrease the
acrylic resin wear process, including altering the occlusal
surfaces of the ISFCDP with gold or titanium8 onlays,
amalgam alloy, or by using porcelain denture teeth,9

custom-milled zirconia teeth,20-22 or individually
cemented crowns on a metal framework.23

Advances in computer-aided design and computer-
aided manufacturing (CAD-CAM) technology have
demonstrated superior accuracy of milled frameworks
compared with conventionally fabricated frameworks.24-27
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Figure 1. A, Intraoral frontal view of patient’s preexisting condition. B,
Preoperative panoramic radiograph of existing implants. C, Frontal view
of splinted impression copings before impression making.

Figure 2. A, Intraoral frontal view of trial tooth placement before pattern
resin duplication. B, Smile view of patient esthetics at trial placement. C,
Intraoral view of pattern resin implant-supported fixed complete dental
prostheses before cut back.
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The purpose of this clinical report was to describe the
fabrication of an ISFCDP with milled molar teeth as part
of the CAD-CAM titanium framework. The molars were
contoured so that their metal occlusal surface was in
occlusion with the metal surface of the opposing teeth
to resist occlusal wear and fracture, maintain occlusal
vertical dimension, and reduce the rate of the remaining
acrylic resin tooth wear.
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A 60-year-old white man presented to Loma Linda
University School of Dentistry for prosthodontic evalu-
ation and treatment. The patient’s chief complaint was
“I am not satisfied with having to wear a removable
denture.” His medical history did not reveal any con-
ditions. He was a smoker who consumed 2 packs of
AlHelal et al



Figure 3. A, Frontal view of definitive framework design after cut back showing first molars in anatomic contour (at proposed occlusal vertical
dimension). B, Lateral view of definitive framework design after cut back except for first molars.

Figure 4. A, Virtual frontal view of proposed framework design after scanning. B, Virtual lateral view of proposed framework design after scanning.
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cigarettes per week. He had been wearing implant-
retained overdentures, which exhibited severe tooth
wear after 3 years in function. A reduced occlusal vertical
dimension was noticed with the existing maxillary and
mandibular prosthesis in situ. Clinical and radiographic
evaluation revealed dental implants in the area of the
maxillary right first molar, maxillary left first premolar,
mandibular left first molar, and mandibular right first
premolar (Fig. 1A, B). After discussing various treatment
options, the decision was made to fabricate ISFCDPs for
both arches with the understanding that additional
implants would be placed in both the maxillary and
mandibular arches to provide adequate support for the
proposed ISFCDPs.

Radiographic and intraoral examinations revealed
excellent bone levels with good prognosis for the exist-
ing implants in the areas of the maxillary right first
molar, maxillary left first premolar, and mandibular left
first molar. However, an implant at the mandibular
right first premolar had a poor prognosis because of
periimplantitis.
AlHelal et al
New maxillary and mandibular complete dentures
(CDs) were fabricated, and cone beam computed to-
mography imaging was done to analyze bone
morphology, prosthetic space, and quantity of bone for
implant placement.

Guided alveolar ridge reduction28 was performed
initially to remove the failing implant in the mandibular
right first premolar area followed by placement of 4-root-
form dental implants (Bone Level Roxolid SLActive;
Straumann) in the mandibular arch at the area of the left
first premolar, left lateral incisor, right lateral incisor, and
right first molar. In the maxillary arch, 4 implants were
placed in the areas of the right first premolar, right lateral
incisor, left lateral incisor, and left first molar. The new
maxillary and mandibular CDs were relieved, and the
patient continued wearing them after implant surgery.

After 3 months of healing, definitive impressions were
made with the direct splinting technique.29,30 Open-tray
impression copings were used and intraorally splinted
with light-polymerized composite resin (Filtek Supreme
Ultra; 3M ESPE) (Fig. 1C).
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 5. A, Frontal view of milled proposed framework design. B,
Lateral view of milled proposed framework design with first molars in
anatomic contours. C, Intraoral frontal view of proposed framework in
place.
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Heavy-body polyvinyl siloxane impression material
(Aquasil; Dentsply Sirona) was used with a custom-
made tray made of light-polymerized acrylic resin (Tru
Tray Sheet; Dentsply Sirona). The definitive cast was
poured in Type IV dental stone (Resin Rock; Whip Mix
Corp) with a simulated soft tissue material (GI-Mask;
Coltène/Whaledent Inc). Record bases and occlusion
rims were fabricated and retained with 2 implants in
each arch (maxillary right incisor and left first molar,
mandibular left lateral incisor, and right first molar).
After adjustments were made to the occlusion rims for
the appropriate occlusal vertical dimension (OVD), lip
support, and visibility of teeth, facebow records and
maxillomandibular relation records (centric relation and
protrusive records) were made. The definitive casts were
mounted on a semiadjustable articulator (Panadent
Corp), and a trial denture tooth arrangement was made
to achieve a bilateral, balanced occlusion. After assess-
ing the trial dentures (Fig. 2A) and after patient
approval of the esthetic outcome (Fig. 2B), a putty index
was generated. A duplicate of the trial dentures was
made with autopolymerizing acrylic resin (GC Pattern
Resin; GC America Inc) with a previously generated
putty index (Lab putty; Coltène/Whaledent Inc).
Implant-supported, screw-retained maxillary and
mandibular autopolymerizing acrylic resin prototypes of
the fixed complete dental prostheses were placed
intraorally to verify fit, adjust occlusion, and assess
esthetics, phonetics, and accessibility for oral hygiene
(Fig. 2C).

The acrylic resin prostheses were cut back, keeping
just the first molars in complete contour at the planned
OVD (Fig. 3). The modified and verified autopolymeriz-
ing acrylic resin prototypes were then scanned with an
optical scanner (D900L; 3shape) (Fig. 4). A titanium
framework was then milled (Procera; Nobel Biocare Inc)
as an exact duplicate of the autopolymerizing acrylic resin
prototypes (Fig. 5A, B). The metal framework at the trial
placement was placed intraorally to verify and confirm
fit31 and occlusion at the first molar area (Fig. 5C). A
1-screw test in conjunction with radiographs was used to
confirm fit.31

Subsequently, the tooth arrangement was trans-
ferred using the previously generated putty index. At
this stage, repositioning the canines occlusally to ach-
ieve a canine-protected occlusion modified the bilateral
balanced occlusal scheme. Simultaneous occlusal con-
tacts in centric occlusion between molars made from
titanium alloy and acrylic resin teeth were confirmed.
The wax trial prosthesis with the metal frameworks was
evaluated intraorally, and patient approval for esthetics,
phonetics, and function was obtained. The ISFCDPs
were processed in a conventional manner with heat-
polymerized acrylic resin (Lucitone 199; Dentsply
Sirona) (Fig. 6).
THE JOURNAL OF PROSTHETIC DENTISTRY
The definitive prostheses were inserted intraorally.
The prostheses fit, occlusion, esthetics, and phonetics
were reconfirmed, and occlusal screws were then tight-
ened according to the manufacturer’s instructions
(Figs. 7, 8). The occlusal screw access holes were sealed
with composite resin (Filtek Supreme Ultra; 3M ESPE)
(Fig. 7B, C). Oral hygiene instructions were given, and a
follow-up recall visit was scheduled at 2 weeks, 1 month,
and 6 months (Fig. 8B).
AlHelal et al



Figure 6. A, Frontal view of definitive processed ISFCDPs. B, Lateral view of definitive processed ISFCDPs. ISFCDP, implant-supported fixed complete
dental prosthesis.

Figure 7. A, Intraoral frontal view of definitive ISFCDPs in place. B, Occlusal view of definitive maxillary ISFCDP in place. C, Occlusal view of definitive
mandibular ISFCDP in place. D, Intraoral lateral view of definitive ISFCDPs in place. Showing both titanium molars and acrylic resin teeth in occlusion.
ISFCDP, implant-supported fixed complete dental prosthesis.
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DISCUSSION

The significance of the suggested technique is that it offered
an alternative design concept for ISFCDPs to minimize
tooth wear posteriorly, maintaining the OVD and
strengthening the framework. The described technique
involved an alteration in the design of the conventional
AlHelal et al
framework and didnot incur additional laboratory fees. The
presence of metal occlusal surfaces on the posterior teeth
eliminated or reduced the frequently encountered pros-
thetic complication of occlusal tooth wear.

A limitation of the proposed design is the poor es-
thetics, although confined to the first molar area. An
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 8. A, Smile view of definitive implant-supported fixed complete dental prostheses at 6-month follow-up. B, 6-month follow-up panoramic
radiograph.
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alternative would be to fabricate the maxillary framework
according to the described protocol and then fabricate
metal ceramic crowns for the molar areas for the
mandibular prosthesis. This alternative approach would
increase the laboratory cost for the prosthesis and the
potential for debonding of the cemented crowns.

Another limitation of the proposed design is that it
offers no wear protection for the anterior acrylic resin
teeth from anterior guidance during functional and par-
afunctional movements. The fracture of anterior teeth can
be caused by a variety of factors including a decrease in
vertical dimension.9 While the presence of metal occlusal
surfaces may enhance resistance to occlusal wear and
help maintain occlusal vertical dimension, anterior
maxillary and mandibular teeth are expected to
continue to wear and will need periodic evaluation and
maintenance.9

Accurate interocclusal records and CAD-CAM tech-
nology with a highly refined milling process of the
framework also helps achieve a precise occlusion. This is
achieved also by minimizing errors during the occlusal
registration and transfer process before framework mill-
ing. If minor discrepancies are observed after milling and
fabrication, a clinical remount procedure is needed to
refine the occlusion.

Alternatively, gold, titanium alloy, or ceramic inlays/
onlays can be used on the occlusal surfaces of the acrylic
resin teeth.8,9,20 Although this technique may be used at
any time after fabricating the prosthesis, it will incur
additional laboratory fees. In addition, the long-term
retention of these metal or ceramic additions on acrylic
resin teeth is unknown, and debonding can occur.

The framework in the presented treatment was
fabricated in a conventional manner, where pattern resin
prototypes of the framework were created, assessed,
scanned, and then milled. An alternative method of
fabrication would be to scan the CDs at the initial wax
trial placement stage, without the duplication in pattern
THE JOURNAL OF PROSTHETIC DENTISTRY
resin. With the obtained scans, a virtual cut-back pro-
cedure can be carried out to fabricate the frameworks,
thereby achieving a completely digital work flow.

The proposed design lacks follow-up data. Long-term
clinical data are needed to validate the hypothesis that the
proposed framework design can effectively reduce
the frequency of prosthetic complications involving either
the acrylic resin teeth or the prosthesis framework.

SUMMARY

A design by which metal occlusion is incorporated into
the framework itself for ISFCDPs may reduce costs and
long-term prosthetic complications. Long-term clinical
studies are needed to validate this new concept.
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