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KEY POINTS

� Introduction of digital technologies has seen the rise of novel materials and fabrication
techniques for removable partial dentures (RPDs).

� A critical factor in successful RPD treatment lies in the meticulous selection of materials
for the framework, clasps, and denture base.

� Each step of digital workflows of RPD treatment will be outlined and compared with the
conventional analog approach.
INTRODUCTION

Removable partial dentures (RPDs) serve as an essential treatment modality for
restoring missing teeth either as an interim or a definitive treatment option for patients
who either are not eligible for tooth or implant-supported fixed prostheses or cannot
afford them. Since their inception, RPDs have had little in the way of change in both
technique and material of fabrication. However, in recent years, the introduction of
scanning, digital design, milling, printing technologies, and dental implants have
seen the rise of novel materials and fabrication techniques for RPDs.
The restoration of partially edentulous arches remains a cornerstone of prosthodon-

tic therapy. RPDs offer a cost-effective and versatile solution for patients missing their
teeth. A critical factor in successful RPD treatment lies in the meticulous selection of
materials for the framework, clasps, and denture base. Each material boasts unique
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properties, necessitating a collaborative approach between the dentist, the laboratory
technologist, and the patient to determine the optimal choice.
The past decade has witnessed a revolution in dentistry fueled by advancements in

digital technologies. Streamlined workflows, shorter appointments, and enhanced pa-
tient comfort are just a few of the tangible benefits. At the heart of this transformation
lies the digital capture of data (scanning), computer-aided design (CAD), and
computer-aided manufacturing (CAM) of dental prostheses. This not only minimizes
errors but also reduces overall treatment time and cost. While fixed restorations
were early adopters of these advancements, removable prostheses remained largely
reliant on traditional analog methods. Fortunately, recent innovations are opening
doors for a seamless integration of digital workflows into RPD treatment. This section
will explore how digital workflows can be seamlessly integrated into RPD treatment,
outlining each step compared with the conventional analog approach.
DIAGNOSTIC RECORDS

The traditional diagnostic workflow for RPDs involves a series of physical processes:
capturing impressions of the dentition and edentulous ridges, registering occlusal
contacts, and transferring maxillo-mandibular relationships using a facebow and
inter-occlusal records. Thankfully, the digital revolution has ushered in a wave of effec-
tive digital alternatives that streamline the diagnostic phase, enhance patient comfort,
and boost clinical efficiency.
At the heart of this digital transformation lies intraoral scanning. The intraoral scan-

ners have undergone a remarkable metamorphosis since their early iterations as
powder-coated image capture tools. Today, they leverage video capture and
advanced artificial intelligence algorithms to facilitate a more accurate and efficient
scanning experience. A 3-dimensional (3D) cast for an RPD can be acquired in 3
ways: either by directly scanning the patient’s mouth using an intraoral scanner, by
scanning a traditionally made impression using a desktop scanner, or by scanning a
traditionally made cast using a desktop scanner.
However, intraoral scanners have limitations when encountering the complexities of

RPDs. They excel at capturing static, hard tissues like teeth, but soft tissues that move
can pose a challenge. Treatments dominated by nonmovable tooth structures, like
Kennedy Class III or IV RPDs, present minimal difficulties during scanning. However,
for treatments with extensive edentulous spans or extension bases (Kennedy Class I
or II RPDs), the scanner encounters the challenge of capturing the involved soft tis-
sues, which tend to move and distort the scan. To mitigate this movement, dental pro-
fessionals use techniques like cheek retraction and constant tension on the tongue
and lips while scanning. Additionally, minimizing the number of scans taken on such
areas is crucial, as each scan carries the risk of capturing the soft tissue in a slightly
different position, potentially leading to discontinuities or inaccuracies in the final
scan data. Maintaining a dry scanning environment is also paramount to avoid reflec-
tion and refraction that can compromise scan accuracy.
Diagnostic maxillo-mandibular relations are a critical component of RPD treatment

planning, but this can be complicated by the multiple missing teeth often present in
such treatments. Traditionally, a minimum of 3 occlusal stops are required to hand
articulate analog casts on an articulator, a device that simulates jaw movements.
However, patients requiring RPDs frequently lack these crucial stops. The analog
workflow might involve obtaining physical casts, and fabricating record bases, fol-
lowed by a separate appointment for interocclusal records, causing inconvenience
for the patient.
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Fortunately, intraoral scanners offer a distinct advantage. Even with just one remain-
ing occlusal contact, jaw relation records can be captured accurately. For patients
requiring positioning in centric relation (CR), record bases can be fabricated and
scanned together with the teeth in CR position. Alternatively, an anterior deprogram-
ming device (Lucia jig) or a leaf gauge can be used to stabilize the patient during the
virtual capturing of CR.
The conventional facebow transfer, a process used to relate the dental arches to the

patient’s cranium, can also be replaced with a digital alternative. A complete-face
photograph, with the patient looking directly at a camera, can be aligned within the
dental design software. The patient’s intraoral scan is aligned with the photo, enabling
visualization of a digital smile design. Many software programs now boast sophisti-
cated virtual articulators that can be overlaid on this merged photo. Some programs
even allow input of additional condylar information, such as horizontal condylar incli-
nation, if such records are available from other diagnostic methods.
SURVEYING AND DESIGN

Traditionally, removable partial denture design has been a hurdle for dentists due to
several factors. First, design philosophies often rely on subjective opinions rather
than objective evidence, leading to inconsistencies and confusion, even among dental
students. This often results in dentists deferring design to laboratory technicians, who
may not possess the same level of knowledge and clinical expertise. Second, the
traditional workflow involves manual surveying with tools like the Ney Surveyor to
identify the path of insertion, survey lines, and undercut areas for clasps. Finally,
once a design is finalized, it is typically drawn on paper or directly on the diagnostic
cast.
Fortunately, the advent of digital dental technologies has ushered in a new era of

streamlined and efficient RPD design. Many dental laboratories now use design soft-
ware equipped with digital surveying tools (Fig. 1). These tools analyze digital casts to
identify undercuts and heights of contours, aiding in both the design and the fabrica-
tion of the RPD framework. However, these software systems are often expensive, not
readily accessible to dentists in their practices, and not easy to learn and master.
Formerly, the only feasible way for dentists and laboratory technicians to survey a

digital cast involved printing a physical copy and mounting it on a traditional surveyor.
While feasible, this method introduced delays due to printing times and steps involved,
disrupting the digital workflow. Fortunately, a new generation of diagnostic digital sur-
veyors has emerged. These innovative tools allow direct surveying of patient scans,
identifying the path of insertion, undercuts, and heights of contour directly from the
Fig. 1. Digital dental technologies streamline the design of RPDs through advanced design
software. These digital surveying tools analyze digital casts to identify undercuts and
heights of contours, facilitating the precise design and fabrication of RPD frameworks.
Despite their advantages, such software systems are often costly, not easily accessible to
general dental practices, and require significant training to master.
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intraoral scan data, eliminating the need for physical casts and saving valuable treat-
ment and laboratory time (Fig. 2).1

Following the surveying process, digital RPD design software empowers dentists
and laboratory technicians to create designs digitally. These programs offer 2 main
design approaches: manual drawing for user-driven design and philosophy-specific
automatic design algorithms. Automatic design algorithms generate design proposals
based on preprogrammed design philosophies (Fig. 3). It is crucial to remember that
these algorithms function solely as design assistants, providing proposals that require
final approval and potential customization by the laboratory technician and the dentist.
The dentist ultimately bears the responsibility for fabricating an optimal prosthesis for
the patient, while considering the complexities of the oral environment.
Once a design is generated, further customization is possible using free 3D model

editing software. These tools allow laboratory technicians and dentists to directly mark
specific areas on the 3D cast for potential mouth preparation, further enhancing
communication and treatment planning.

MOUTH PREPARATIONS

Mouth preparations encompass adjustments made to the dentition prior to capturing
the final impression. These modifications can include adjustments to the height of
contour, creation of guide planes, rest seat preparations, and incorporation of existing
fixed or surveyed restorations. Traditionally, any modification to the tooth structure
would be completed following the established treatment plan.2

However, the digital revolution has introduced an exciting opportunity to integrate
“surveyed fixed restorations” into the digital workflow. Advancements in zirconia ma-
terial science have led to the development of stronger iterations that can be milled
directly from a digital design, eliminating the need for traditional surveying techniques
(Fig. 4). Following the milling process, it is recommended to print a 3Dmodel including
the tooth preparations, the milled surveyed crowns, and the surveyed abutments. This
Fig. 2. The AiDental Virtual Surveyor provides many of the functions of advanced digital
surveyors, as seen in Fig. 1, but is specifically tailored for use by dentists as a diagnostic
tool. This innovative software allows for direct surveying of digital casts, identifying the
path of insertion, height of contour, and retentive undercuts directly from intraoral scan
data. It eliminates the need for physical casts, streamlining the workflow and saving valu-
able treatment and laboratory time, while offering a practical solution for chairside use.
(With permission from AiDental.)
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Fig. 3. The AiDental RPD Design software enables both dentists and laboratory technicians
to create digital RPD designs. It offers 2 main design approaches: manual drawing for user-
driven customization and philosophy-specific automatic design algorithms. These algo-
rithms provide design proposals based on established design philosophies, serving as assis-
tants that require final approval and potential customization by the dental professionals.
This ensures the creation of an optimal prosthesis tailored to the patient’s unique oral envi-
ronment. (With permission from AiDental.)
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model is then mounted on a surveyor to meticulously verify the parallelism of all guide
planes and the precise contours of these crowns (Fig. 5).
While the long-term interaction between zirconia crowns and cast metal RPD frame-

works requires further investigation, these restorations offer undeniable advantages.
Zirconia boasts unmatched esthetics and strength compared with traditional metal-
ceramic restorations, proving particularly beneficial for patients with high esthetic de-
mands. By integrating surveyed fixed restorations into the digital workflow, laboratory
technicians and dentists can achieve a more streamlined and potentially more precise
restorative treatment.
FINAL IMPRESSIONS

Similar to the diagnostic impressions, final impressions can also be made using intrao-
ral scanners. However, meticulous attention to detail is crucial during the scanning
Fig. 4. The #28 abutment received a milled zirconia survey crown with correctly designed
rest seats, proximal plates, and retentive undercuts.
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Fig. 5. To ensure proper height of contour and proper parallelism of proximal plates, it is
necessary to survey the survey crown using a surveyor. In this figure, the survey crown is
seated onto a printed model. In some instances, the printed model might need to have a
stone base made to ensure proper mounting to the surveyor.
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process. Particular emphasis should be placed on comprehensively capturing all rest
seat preparations, guide planes, and the functional depth of the vestibule. The same
meticulous protocols employed during diagnostic scans, to minimize soft tissue
movement and the potential inaccuracies, remain paramount.
Furthermore, final impression accuracy is critical for successful RPD outcomes. The

scan must encompass all major anatomic landmarks required for an RPD design
(Fig. 6). Constant and sustained retraction of the tongue and cheeks is essential to
achieve an accurate soft tissue impression (Fig. 7). However, in some challenging
cases, complete capture of supporting soft tissues might be hindered. In such sce-
narios, an additional “corrected cast impression technique” (Fig. 8) can be employed
to complement the digital scan.
One of themost significant advantages of digital final impressions lies in the ability to

verify real-time clearance for lingual rest seat preparations on the maxillary anterior
teeth. Traditionally, this verification could only occur after the master casts were arti-
culated, potentially causing treatment delays. Fortunately, intraoral scanners eliminate
this wait time, allowing for immediate confirmation and any necessary adjustments
during the scanning appointment.
WORK AUTHORIZATION

Traditionally, work authorizations, and paper forms outlining specific instructions for
RPD fabrication, have been the linchpin of communication between dentists and
dental laboratories. These forms ensured quality assurance and quality control, pro-
tecting patients and dental professionals, and delineated responsibilities.
With the advent of digital technology, however, communication channels have un-

dergone a significant transformation. Previously, the limitations in digital media and
the cumbersome nature of sending all required information digitally hindered the wide-
spread adoption of digital workflows for RPDs. However, the ability to capture all
necessary components electronically has paved the way for a new era of streamlined
communication through digital laboratory work authorizations.
Digital laboratory authorizations offer several compelling advantages over their pa-

per counterparts. First, they eliminate the need for physical transportation of impres-
sions, casts, and articulators, minimizing the risk of damage during transit. Second,
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Fig. 6. (A, C) When scanning it is advisable to over-extend the area of scanning. (B, D) Dur-
ing model preparation, any uneven surface will be preferably removed to maintain a
smooth and sealed edge for the final model.
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they streamline the workflow by facilitating a completely digital exchange of informa-
tion. Finally, they allow for easier archiving of digital data for future reference.
Despite these advantages, the core principles of proper work authorization remain

equally important in the digital realm. Clear and concise instructions are essential for a
Fig. 7. A retractor in place assists in scanning by maintaining constant and even tension on
the buccal and labial tissues.
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Fig. 8. (A) Underextended model resulting from an intraoral scan of this Kennedy class I
RPD. (B) A corrected cast impression was made, and the cast was trimmed in the distal exten-
sion area. (C) The poured and completed cast showing seamless borders and correct exten-
sion to the border tissues.
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successful collaboration between dentists and laboratories. Many contemporary lab-
oratories now offer dedicated digital portals where dentists can submit work authori-
zations. These portals typically follow a user-friendly format, allowing dentists to input
protected patient information, select the specific work request, provide written in-
structions, and upload relevant digital and photographic files (Fig. 9).
An ideal digital laboratory work authorization would be accompanied by several key

elements (Fig. 10):

1. Digital Scan: This is typically an .stl file capturing the patient’s oral anatomy.
2. Framework Design: This could be a scan of a hand-drawn design or a digitally

generated design file.
3. Design Cast: Ideally, this would be a colored digital cast representing the planned

design for the RPD framework, although an image of a physical design drawing
might also be included.

While digital laboratory work authorizations offer a more efficient and convenient
alternative, legal considerations remain paramount. State regulations regarding
work authorizations can vary, but properly executed digital versions serve the same
purpose as traditional paper forms: documenting communication and protecting the
professional relationship between the dentist and the dental laboratory. In many
states, work authorizations need to be retained by both parties for a specified period.
FRAMEWORK FABRICATION
Traditional Design

The lost wax/resin technique remains a cornerstone of RPD framework fabrication, a
testament to its enduring effectiveness. This time-tested method involves meticu-
lously crafting a wax or a resin pattern, replicating the intricate design of the RPD
framework. The pattern is then invested in a heat-resistant mold material, creating a
negative space. Subsequently, heating the mold eliminates the wax/resin, leaving a
void for molten metal to be cast. While seemingly straightforward, this approach re-
quires a skilled technician and meticulous execution to ensure that the final framework
precisely matches the design. The lost wax/resin technique offers several advantages,
including the ability to create highly intricate frameworks and its compatibility with a
wide range of casting dental alloys. However, it is a labor-intensive process with
inherent limitations in terms of repeatability and potential for human error.
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Fig. 9. A digital laboratory authorization completed for the fabrication of an RPD frame-
work. Attached to the laboratory authorization is the.stl of the preparation arch, the design
created using an automatic designer, and a design cast with a virtual drawing.
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The advent of digital technologies ushered in a new era of RPD framework fabrica-
tion techniques with the introduction of computer-aided design and manufacturing
(CAD-CAM).

Computer-Aided Design

The digital revolution has transformed the design process for RPDs. CAD software
systems now play a central role. The process begins by importing a 3D scan of the
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Fig. 10. The attachments used as part of a digital laboratory authorization include (A) the
.stl of the final scan, (B) the design cast with a drawn design, and (C) the design diagram
PDF designed through an automated design software. ([C] With permission from AiDental.)
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patient’s mouth. This can be done using an intraoral scanner or by scanning a cast or
an impression with a desktop scanner. Any minor adjustments to the virtual cast can
be completed within the CAD software.
The software then facilitates the design steps, which include analyzing undercuts to

determine the RPD’s insertion path, creating virtual blockouts to avoid clasp impinge-
ment on soft tissues, and adding relief in areas that contact sensitive soft tissues. The
software also allows for the design of the individual RPD components, including
clasps, rests, and major connectors. Features within the software enable the selection
of different clasp shapes and customization of clasp taper to optimize function and pa-
tient comfort. Once all the components are designed, the software facilitates merging
them into a cohesive framework, ensuring proper overlap and eliminating any gaps.
The final step involves smoothing and refining the framework design to achieve the
desired thickness and contour. Additionally, features for fabrication, such as sprues
for casting, can be incorporated at this stage. With the design finalized, the software
allows the user to export the RPD framework design file for fabrication (Fig. 11).

Manufacturing

Milling
This technique utilizes prefabricated metal or polymer pucks. Guided by a virtual
framework design created on computer software, high-speed burs precisely sculpt
the puck to match the digital blueprint. Milling offers a faster andmore consistent alter-
native to the lost wax/resin technique. It eliminates the human error inherent in manual
wax sculpting, overcomes the dimensional changes as a result of solidification
Fig. 11. Completed frameworks seen in 3 different RPD design software systems. The files
can be exported in stl format.
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shrinkage of dental casting alloys, thus enabling the replication of complex designs
with exceptional precision. Additionally, milling can produce both metal and
polymer-based frameworks, providing dentists with greater flexibility in material selec-
tion based on factors such as strength requirements, weight considerations, and pa-
tient allergies (Fig. 12).

Resin printing
Stereolithography and digital light processing printing technologies have further revo-
lutionized RPD framework creation. These 3D printing methods utilize ultraviolet light
to solidify layers of castable resin, enabling the fabrication of intricate and highly
esthetic frameworks in a single step. Unlike traditional methods that require manual
sculpting or machining, resin printing builds the framework layer-by-layer guided by
a digital design. This approach offers exceptional design freedom, allowing for the cre-
ation of complex geometries and undercuts that would be challenging or impossible
with traditional techniques, and even with milling. Similar to the lost wax technique,
these printed resin frameworks are then invested and cast in metal achieving the
same accuracy as conventional cast metal frameworks3 (Fig. 13). However, it is
important to note that resin itself, though can be used for interim RPDs, is not strong
enough to be used as the definitive RPD framework material.

Metal printing
Selective laser sintering (SLS) and selective laser melting (SLM) represent the cutting
edge of RPD framework technology. These techniques employ lasers to meticulously
fuse metal powder layer-by-layer, resulting in exceptionally strong and lightweight
frameworks. SLS utilizes a laser to sinter metal particles together, creating a porous
structure that requires infiltration with a secondary metal to achieve full density.
SLM, on the other hand, completely melts the metal powder, resulting in a denser
and more robust framework. Metal printing offers significant advantages in terms of
design flexibility, weight reduction, and biocompatibility. The ability to create complex
lattice structures allows for the design of strong yet lightweight frameworks, improving
patient comfort and wearability. Additionally, biocompatible alloys can be used with
metal printing, minimizing the risk of allergic reactions. A systematic review by Ahmed
and colleagues4 concluded that milling and metal printing produce RPD metal frame-
works with a clinically acceptable fit and superior accuracy compared with tradition-
ally fabricated frameworks. However, metal printing remains a relatively expensive
technology compared with traditional methods (Fig. 14).
Fig. 12. (A) The block of PEEK material after milling of an RPD framework. (B) The finished
PEEK framework seated onto the master cast.
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Fig. 13. (A) Framework printed in castable resin. (B) The framework is fragile during this
phase and should be handled with care.
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FRAMEWORK MATERIAL SELECTION

Removable partial dentures offer an effective treatment option to replace missing
teeth and restore oral function. The framework, which provides support, retention,
and stability for the partial denture, is a critical component. This section explores
the different materials used for the fabrication of RPD frameworks, their properties,
advantages, and limitations.
Historically, metal alloys have dominated RPD framework construction due to their

exceptional strength and durability. However, advancements in material science have
introduced alternative materials with unique properties.
Cobalt-Chromium Alloys

Cobalt-Chromium (Co-Cr) alloys reign supreme as the go-to material for RPD frame-
works. This popularity stems from their winning combination of properties. First and
foremost, they interact well with human tissue, rarely causing allergic reactions. Addi-
tionally, their impressive strength and durability ensure they can withstand the
Fig. 14. The finished SLM fabricated frameworks with supports still attached. It is important
to keep all supports attached to the cameo surface of the frameworks to avoid interfering
with the fit of the framework.
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masticatory forces, keeping the prosthesis functional for years to come. Co-Cr alloys
also shine in their ability to be cast into precise, complex shapes, allowing for a perfect
fit in the mouth. Finally, compared with other metals, they offer a budget-friendly op-
tion. However, Co-Cr frameworks are not flawless. The metallic color might not be the
most esthetically pleasing for everyone. It is also important to note that while nickel is
not the main ingredient, some Co-Cr alloys do contain it, which can trigger allergies in
some people. Lastly, their rigidity can cause discomfort, especially for those with sen-
sitive tissues (Fig. 15).

Titanium Alloys

Titanium alloys are making waves as a promising alternative to Co-Cr for RPD frame-
works. They boast some key advantages. First and foremost, titanium is a champion of
biocompatibility, minimizing the risk of allergic reactions for patients.5 Another winning
feature is its weight. Being significantly lighter than Co-Cr, titanium translates to
enhanced comfort and puts less stress on the abutment teeth. Remarkably, even
with its lightweight nature, titanium maintains the strength needed to function effec-
tively as an RPD framework.
However, titanium frameworks do come with some downsides. The main hurdle is

the cost. Titanium is considerably more expensive than Co-Cr, potentially limiting its
accessibility for some patients. Additionally, the fabrication process requires special-
ized techniques and equipment, further contributing to the higher cost.

Wrought Wire

Wrought wire clasps are a well-established and cost-effective method for retention in
RPDs. Fabricated from thin metal wire, these clasps offer several advantages. Their
slender profile minimizes bulk, improving esthetics by reducing clasp visibility and
enhancing patient comfort through reduced impingement on soft tissues. Additionally,
wrought wire clasps exhibit excellent adjustability, allowing for meticulous adaptation
during denture fabrication to achieve an optimal fit and retention for the RPD frame-
work. Notably, wrought wire clasps are a relatively inexpensive option compared
with alternative clasp materials. However, the selection of wrought wire clasps neces-
sitates consideration of their limitations. The inherent flexibility of the wire may not be
suitable for all patients, particularly those with excessive occlusal forces that could
Fig. 15. Boasting time-tested reliability and versatility cobalt chromium frameworks remain
the gold standard for RPD framework design and the benchmark for all its design principles.
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lead to clasp deformation or fracture. Furthermore, similar to Co-Cr alloys, some
wrought wires contain nickel, posing a potential risk for allergic reactions in suscepti-
ble individuals. Finally, wrought wire clasps are susceptible to metal fatigue over time,
increasing the risk of clasp fracture and necessitating periodic evaluation and potential
replacement.

Nonmetallic Materials

As the field of dentistry evolves, nonmetallic materials are gaining traction for remov-
able partial denture frameworks. These alternatives offer distinct advantages over
traditional Co-Cr alloys, particularly in esthetics and patient comfort.

Acetal Resin (Polyoxymethylene)

One such promising material is acetal resin, also known as polyoxymethylene (POM).
Acetal resin boasts several key benefits for RPD applications. First and foremost, it
comes in white or pink shades, providing a significant esthetic improvement over
the metallic appearance of Co-Cr frameworks.6,7 This allows for a more natural look
that blends seamlessly with the abutment teeth and oral mucosa. Additionally, its light-
weight nature, similar to titanium, contributes to increased comfort during function,
especially for those with sensitive tissues. Furthermore, POM’s machinability allows
for precise milling into intricate shapes using CAD-CAM technology. This facilitates
the creation of highly customized frameworks that perfectly match the patient’s unique
anatomy (Fig. 16).

Polyetheretherketone
Poly(oxy-1,4-phenyleneoxy-1,4-phenylenecarbonyl-1,4-phenylene), commonly known
as PEEK, has found a niche in dentistry for its biocompatibility and mechanical
properties.
PEEK offers natural shades that blend well with oral tissues, enhancing patient

satisfaction. Its exceptional rigidity allows for the fabrication of stable yet thin-
walled RPD frameworks, reducing bulk in the oral cavity and potentially minimizing
stress on abutment teeth.8

Fabrication involves milling RPD frameworks from prefabricated PEEK pucks or
thermopressing of printed patterns. However, its rigidity requires careful consideration
Fig. 16. POM framework for a Kennedy class III modification 2. Space is provided for tube
teeth on the left side of the framework, and the retentive arms are kept thicker to provide
strength.
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in certain scenarios, such as distal extension RPDs, where flexibility may be preferred
to avoid high stresses on supporting tissues.
Overall, PEEK features unique properties, including biocompatibility, strength, and

esthetic advantages, with careful design considerations for specific applications
(Fig. 17).9

The selection of an optimal removable partial denture framework material hinges on
a meticulous evaluation of several key factors. First and foremost, patient needs and
preferences take center stage. The dentist will consider the patient’s esthetic desires,
prioritizing a natural look or opting for a less visible material. Additionally, a patient’s
masticatory forces and metal sensitivity are crucial considerations. For instance, indi-
viduals with strong bite forces may require a stronger framework material, while those
with metal sensitivities might benefit from nonmetallic options. Finally, financial con-
straints must be factored into the decision-making process.
Beyond patient preferences, the number and location of missing teeth play a signif-

icant role. The framework needs to be able to withstand the forces exerted during
chewing, and the distribution of these forces is influenced by the number and place-
ment of missing teeth. Missing teeth in high-stress areas necessitate a stronger and
more rigid framework material compared with situations with minimal missing teeth.
Lastly, the dentist will conduct a thorough clinical examination to assess the health
of the abutment teeth and surrounding oral tissues. This evaluation helps determine
the most suitable framework design and the ideal material properties in terms of flex-
ibility and biocompatibility. By carefully considering these factors, the dentist can
select the optimal RPD framework material that ensures both proper functionality
and patient satisfaction.
While the core principles of removable partial denture treatment remain unchanged,

the landscape of dental technology has undergone a revolution. The introduction of
digital workflows has opened doors to a new era of streamlined diagnostics, design,
fabrication, and communication.
It is important to acknowledge that there is a growing disconnect between estab-

lished biomechanical principles and the application of these principles in contempo-
rary RPD treatment. The excuse of lacking a digital workflow is no longer valid.
Dentists should embrace these advancements to deliver the best possible care to their
patients.
Fig. 17. PEEK framework for a Kennedy class III modification 2. Space is provided for tube
teeth on the left side of the framework, and the retentive arms are kept thicker to provide
strength.
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However, we should not neglect the importance of professional experience and
knowledge. While digital tools empower dentists, staying informed about the advan-
tages and disadvantages of various techniques and materials is crucial.
The same holds true for patients. Open communication between dentists and pa-

tients is vital for developing an optimal treatment plan that leverages the latest tech-
niques and materials to facilitate a comfortable and successful RPD experience.
In conclusion, removable partial dentures remain a cornerstone of restorative

dentistry. By embracing the potential of digital workflows while adhering to tried-
and-true principles, dentists can elevate the quality of RPD treatment and deliver su-
perior patient outcomes.
IMPLANT-RETAINED REMOVABLE PARTIAL DENTURES

Implant-supported fixed prostheses are a popular option for replacing missing teeth,
but implant-retained removable partial dentures (IRRPDs) offer a valuable alternative
for some patients. IRRPDs combine the functionality of implants with the removability
of traditional dentures, providing increased retention, enhanced stability, improved
function, and greater patient satisfaction (Fig. 18).10

There are 3main categories of IRRPDs: Locator-attached, ball-attached, and bar and
clip-attached. Locator and ball-attached RPDs are ideal for improving retention and
eliminating the need for visible clasps, thus enhancing esthetics of RPDs. While bar
and clip-attachedRPDs offermore stability, in addition to better esthetics and retention.
The process of fabricating IRRPDs typically involves several steps. First, the dentist

will conduct a thorough examination to assess the patient’s needs and eligibility for
implant therapy. This examination will include a review of the patient’s medical history
and medications, a discussion of their desired outcomes, and a physical examination
of the mouth and jaw. Radiographs or computed tomography scans may also be
required to evaluate the bone morphology and plan implant placement. It is of para-
mount importance for the restorative dentist to evaluate the prosthetic space required
for each type of attachment during the diagnostic and planning phase. Often times,
this requires additional bone removal or alveoloplasty, before or during implant place-
ment, to ensure adequate bulk for the removable partial denture base material, metal
meshwork, and denture teeth.
If IRRPDs are a good option, dental implants are surgically placed in the jawbone.

The number and location of implants will vary depending on the patient’s specific
needs, span of the edentulous areas, and the type of IRRPD being used. Once the im-
plants are placed, they require a healing period of several months to allow for the
osseointegration of the implants.
Once the implants have healed, abutments are attached to them. These abutments

act as connectors between the implants and the removable partial denture itself. The
abutments are typically made of titanium and are either prefabricated or custom-
designed and made to fit the specific type of IRRPD being used.
After the abutments are placed, impressions are obtained of the patient’s mouth.

The dentist will use these impressions to fabricate a removable partial denture that
fits precisely over the implants and the remaining teeth. The IRRPD can be made
from a variety of materials, but they typically include a strong metal framework for
durability.
The dentist will insert the definitive RPD and ensure proper fit and function. This may

involve making adjustments to the RPD. The dentist will also provide the patient with
postinsertion instructions on how to care for their IRRPD, including cleaning the den-
ture and maintaining good oral hygiene around the implants.
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Fig. 18. Implant-retained RPDs offer an esthetic alternative for patients requiring tooth
replacement in the esthetic zone. (A, C) The implant-retained RPD in place with no visible
claps. (B) The implant abutment underneath. (D) Proper planning, including the use of in-
direct retainers, should be still utilized.
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Patients who choose IRRPDs can experience a variety of advantages. Implants pre-
vent the RPD from slipping or moving during speaking and chewing, improving com-
fort and confidence. The increased retention and stability also allow for better chewing
efficiency, which can improve overall digestive health. Implants stimulate the jawbone,
minimizing bone loss that often occurs with traditional dentures. This helps to maintain
the integrity of the jaw and facial structures.
IRRPDs can be designed to look natural, mimicking the appearance of teeth and

oral mucosa. This improvement in esthetics can boost a patient’s self-esteem and
confidence. Additionally, they often eliminate the need for bulky and visible clasps
that can detract from the smile.
IRRPDs are a suitable treatment option for a specific group of patients. This includes

partially edentulous patients who are unable to afford or not candidates for fixed
implant-supported prostheses, such as those with insufficient bone tissue or certain
medical conditions that may contraindicate extensive implant surgery. Patients with
Kennedy Class I or II classifications are also good candidates for IRRPDs.11

The long-term success of IRRPDs relies on several factors. Proper implant place-
ment is crucial, as well as careful consideration of bone quality and quantity during
the planning process. Factors like bone width and height, density, and available
restorative space will influence the number and size of implants needed for optimal
retention. Just like natural teeth, IRRPDs require proper care and maintenance to pre-
vent complications. Patients need to adhere to specific cleaning instructions for the
IRRPD, including the attachment system, and maintain good oral hygiene around
the implants to prevent peri-implant disease, an infection around the dental implant.
Bone quality and quantity also play a significant role in the success of implants. In

some cases, bone grafting procedures may be necessary to improve bone volume
or quality before or during implant placement. This helps to create a strong foundation
for the implants and ensures higher success rate and longevity.
The advantages and disadvantages of various RPDmaterials are outlined in Table 1

along with the most recent design and manufacturing techniques.
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Table 1
The advantages and disadvantages of various removable partial dentures materials along with the most recent design and manufacturing techniques

RPD Material Design Methods Manufacturing Techniques Advantages Disadvantages

Cobalt-Chromium Traditional wax pattern
designed
Computer-aided design
(CAD)

Conventional casting
Conventional casting of a
printed pattern
Conventional casting of a
milled pattern
Selective laser sintering/
melting (SLS/SLM)
Milling
Rapid prototyping

Favorable mechanical
properties
Easy casting
Biocompatibility
Longevity
Durability
Versatility in application
Ability to have a try-in
Versatility of clasp design
Precision of fit, and higher
satisfaction with CAD/SLS/
SLM

Visibility of metal
components
High cost
Casting shrinkage
Metal display
Difficult milling
Need for multiple
appointments
Fit is compromised in rapid
prototyping

Clinical factors: Ability to hide clasps, long-term use, ability to plan for future changes, ability to handle high forces, ability to adjust clasps
Patient factors: Patient preference, previous experience

Acetal resin-
polyoxymethylene

CAD Milling Multiple shades for color
matching (esthetics)
High wear resistance
High impact strength
High elastic rebound
Accuracy of fit

Require greater component
thickness
High microbial adhesion
Increased susceptibility to
discoloration
Low rigidity
Limited choices of clasps
Increases clasp thickness

Clinical factors: Medium-term use, accuracy of fit
Patient factors: Preference for nonmetal, reduced visits, reduced cost

Polyetheretherketone
Aryl ketone polymers

CAD Milling
Thermopressing of a
printed pattern

Esthetics
Biocompatibility
Low plaque affinity
Low distortion
Accuracy of fit

Transmits more forces to
the underlying tissues in
class I cases
Thicker clasps needed for
adequate strength
Low rigidity
Limited choices of clasps
Increases clasp thickness
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Clinical factors: Medium-term use, accuracy of fit
Patient factors: Preference for nonmetal, reduced visits, more economical

Nylons/thermoplastic resins
(Valplast)

Traditional wax pattern
designed

Injection molded
Heat-polymerized

Esthetics
High strength
Heat resistance
Conservative tooth
modification
Fewer appointments
Patient comfort

High surface roughness
Inadequate support
Low color stability
Low wear resistance
Low rigidity
Limited choices of clasps
Excessive soft tissue
coverage
Inability to reline/repair
Inability to modify clasps

Clinical factors: Short-term use
Patient factors: Preference for nonmetal, short fabrication time, more economical

Polymethylmethacrylate
(PMMA)

Traditional wax pattern
designed
CAD

Injection molded
Heat-polymerized
Auto-polymerized
Computer-aided design
and manufacturing (CAD-
CAM) milling
CAD-CAM printing

Esthetics
High strength
Heat resistance
Conservative tooth

modification
Fewer appointments
Patient comfort
CAD-CAM milled PMMAs
� Lower bacterial

adherence
� Lower residual monomer
� Better color stability

Inadequate support
Low wear resistance
Low rigidity
Excessive soft tissue
coverage

(continued on next page)
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Table 1
(continued )

RPD Material Design Methods Manufacturing Techniques Advantages Disadvantages

Clinical factors: Short-term to medium-term use, ability to add teeth, ability to reline
Patient factors: Most economical, short fabrication time

Titanium Traditional wax pattern
designed
CAD

Casting
Casting of a printed pattern
Casting of a milled pattern
SLS/SLM
Milling

Favorable mechanical
properties
Biocompatibility
Light weight
For patients with known
allergies to other materials

High cost
Casting shrinkage
Technique sensitive casting
process
Difficult milling
Metal display
Low rigidity
Difficult adjustments
Few laboratories available
for manufacturing

Clinical factors: Long-term use
Patient factors: Light weight

M
a
h
ro
u
s
e
t
a
l

2
2
8

D
escargado para D

aniela Zúñiga A
güero (danyzuag@

gm
ail.com

) en N
ational Library of H

ealth and Social 
Security de C

linicalK
ey.es por Elsevier en abril 30, 2025. Para uso personal exclusivam

ente. N
o se 

perm
iten otros usos sin autorización. C

opyright ©
2025. Elsevier Inc. Todos los derechos reservados.



Advances in the Treatment of Partial Edentulism 229
CLINICS CARE POINTS
� Removable partial dentures remain a cornerstone of restorative dentistry.

� It is crucial to stay informed about the advantages and disadvantages of various RPD
materials and techniques.

� Digital workflows when combined with biomechanical fundamentals elevate the quality of
RPD treatment.
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