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Tenon-mortise, loop, split pontics, and cross pin & wing are indicated
in complex situations such as pier abutments or misaligned abutments,
where they help relieve stress and prevent complications like retainer
failure or intrusion of abutments. Successful connector design requires
careful consideration of size, shape location, occlusal load, hygiene
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precision, fit, and overall clinical outcomes. This review article
emphasizes the importance of selecting the appropriate connector type
based on clinical indications, and outlines key design and fabrication
considerations that contribute to the long-term success of FPDs.
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Introduction:-

Fixed partial dentures (FPDs) are commonly used in prosthodontic rehabilitation to restore function, esthetics, and
occlusal balance in patients with missing teeth.'Thedesign of a fixed partial denture plays a crucial role in
minimizingthe stresses transmitted to the supporting teeth or implants and the surrounding bone structures.’Connect
ors in fixed prosthodontics are the components of a fixed partial denture that unite the retainers and the pontics,
forming a single, functional prosthesis.'

Connectors play a significant role in distributing occlusal forces evenly across the prosthesis and the supporting
structures. Their selection and design are fundamental to the longevity and clinical success of the prosthesis.
Improperly designed connectors can result in mechanical failures, stress concentration, hygiene issues, or biological
complications affecting the supporting periodontium and abutments®

An ideal connector must be biomechanically sound, hygienically accessible, and esthetically compatible. Design
considerations such as thecross-sectional dimension, location, and contourof the connector must be tailored to
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withstand masticatory loads and maintain gingival health. Digital technologies like CAD/CAM milling and laser
welding have further refined connector precision and structural integrity, offering improved patient outcomes. *

This article provides a comprehensive review of the types, indications, biomechanical design factors, fabrication
advancements, and clinical considerations associated with FPD connectors.

Classification Of Connectors:

Based on their rigidity, connectors are generally classified into rigidand non-rigid types. The choice between them
depends on clinical factors such as arch configuration, span length, abutment alignment, and the presence of a pier
abutment '. With the advancement of materials and digital technologies, such asCAD/CAMandlaser welding, the
fabrication and precision of connectors have greatly improved.’

> Rigid Connectors

These connectors form a solid, immovable link between retainers and pontics, commonly used for short-span FPDs
with well-aligned abutments. They include:

e Cast connectors: Integrated in the wax-up and cast with the framework

e Soldered connectors: Joined via low-temperature solder

e Loop connectors’

» Non-Rigid Connectors
Designed to allow limited movement between components, these connectors serve as "stress breakers" and are
indicated when abutments are misaligned, in long-span cases, pier abutments, or where differential tooth
movement is expected [e.g., mandibular flexure].

LA g clor -
Types include:

e Tenon—Mortise (Key—Keyway/Dovetail)
e Split-pontics connectors
e  Cross-pin & wing connectors'®

Rigid connectors

e Rigid connectors are designed to firmly join the individual retainers and pontics, creating a unified restoration
with no movement between components.’
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Cast Connectors

Cast connectors are a type of rigid connector commonly used in the fabrication of fixed partial dentures (FPDs).
They are designed to create a solid, immovable union between the retainers and pontics, forming a unified
prosthesis. These connectors are formed during the wax-up stage and are cast as part of the overall metal framework,
eliminating the need for additional joining procedures such as soldering.

Features:

e  Monolithic structure: Since cast connectors are formed as part of the same casting as the rest of the FPD
framework, they offer high structural integrity and eliminate potential weak points.

o [Efficient load distribution: Rigid connection helps in uniform distribution of occlusal forces across the
abutments and pontics, reducing the risk of component failure.

o Simplified fabrication: As they are created in a single casting process, they reduce laboratory steps and ensure
a precise fit when properly waxed and invested.

e Ideal for short-span FPDs where the abutments are well aligned and share a common path of insertion.

Design Considerations:

e The cross-sectional dimensions should be adequate to resist occlusal forces. A minimum of 2 mm %X 2 mmis
often recommended for posterior teeth.

e  The connector should be contoured to allow for easy hygiene access without compromising strength.

e  Should not encroach on the biological width or impinge on gingival tissues.

Limitations:
e  (Cast connectors require parallel abutments, as they do not permit movement or accommodate path of insertion
discrepancies.

e In long-span FPDs or when abutments are misaligned, cast connectors may contribute to stress concentration
and eventual prosthetic or abutment failure.

Clinical Applications:
e Best suited for short-span bridges with well-aligned abutments.

e Commonly used in posterior FPDs, where strong occlusal forces require a rigid and durable framework.’

Soldered Connectors

Investment

Cast
tonneclor

Soldered connectors are a type of rigid connector used in fixed partial dentures (FPDs) to join two or more
separately cast metal components into a single, functional unit. They are commonly employed when all parts of the
prosthesis cannot be fabricated in one piece due to design limitations, casting shrinkage, or the need for precise fit
and alignment.
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Types of Soldering:

Pre-Ceramic Soldering (High-Fusing):

Performed before the porcelain application.

Requires high-temperature solder (typically above 850°C).

Provides a stronger joint and is more commonly used.
Post-Ceramic Soldering (Low-Fusing):

Performed after porcelain application.

Uses lower-temperature solders to avoid damaging the ceramic.
More technique-sensitive and less strong than pre-ceramic soldering.

000 WVYVOOOoYVY

Advantages:

e Improved Accuracy: Allows for minor adjustments and better alignment of retainers and pontics before final
joining.

e Versatile Application: Useful in long-span bridges, or when connectors must be positioned with high
precision.

e Reduced Casting Defects: Segments can be cast individually, reducing the risk of porosity and distortion.

Limitations:-

e Weaker Than One-Piece Casts: Soldered joints are potential weak points if not properly executed.

o Technique-Sensitive: Requires precise fit, clean surfaces, and proper solder gap (typically 0.2 mm to 0.3 mm)
for strength and durability.

e Thermal Stress Risk: In post-ceramic soldering, overheating can damage the ceramic or compromise esthetics.

Clinical Applications:

e Used when abutments are not perfectly aligned and a single-path insertion is not possible.

e Ideal for joining components that need to be adjusted independently, such as in long-span FPDs or full-arch
prostheses.

e  Preferred when minor corrections are needed after initial try-in.

Soldering Procedure Overview:

Trial fitof separate components.

Alignment and indexing using investing materials.
Application of flux to prevent oxidation.

Heating and application of gold or palladium-based solder.
Finishing, polishing, and checking the strength of the joint."’

A=

Loop Connectors

Loop connectors are a unique type of non-rigid connector used in FPDs, primarily in situations where maintaining
natural tooth spacing or diastemas is essential for esthetic or phonetic reasons. Unlike rigid connectors that create a
fixed union between pontics and retainers, loop connectors consist of a metal loop or wire placed on the lingual or
palatal side of the prosthesis, connecting adjacent units while preserving space on the buccal aspect. These
connectors allow for independent seating of prosthetic components and are commonly indicated in anterior regions
where diastema closure is not desired. Despite being more challenging to clean, they offer a functional and esthetic
solution when conventional connectors would compromise the patient’s natural appearance.’
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Non-Rigid Connectors

Non-rigid connectors are mechanical devices used in fixed partial dentures (FPDs) that allow limited movement
between the individual components of the prosthesis, such as the retainers and pontics. Unlike rigid connectors that
unify the restoration into a single, immovable unit, non-rigid connectors are designed to act as stress breakers,
accommodating differential movement between abutments and minimizing the transmission of harmful forces.’

Dovetail

When fabricating a fixed partial denture with a non-rigid connector, it is essential to align the path of insertion of the

keyway with that of the distal abutment. This design approach is particularly effective in relieving stress at the
midspan of long-span pontics.'

Split Pontics

A split pontics connector is a specialized form of non-rigid connector used in fixed partial dentures (FPDs),
particularly when alignment or path of insertion is compromised. In this design, the pontics is divided into two
segments that are joined using a mechanical interface, often with one segment attached to the anterior retainer and
the other to the posterior segment. This allows each section to seat independently, making it ideal for clinical
scenarios with non-parallel abutments or long-span prostheses where stress relief is critical. The split pontics

effectively permits functional independence of the abutments while maintaining the overall integrity and esthetics of
the prosthesis.”
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Cross-Pin & Wing Connectors

Cross-pin and wing connectors are a form of non-rigid connector used in fixed partial dentures (FPDs), designed to
manage complex clinical situations where abutments are misaligned or where a common path of insertion is not
feasible. In this design, a metal wing is attached to the pontic and engages a cross-pin placed within a prepared slot
in the retainer. This allows the retainer and pontic to be inserted separately, ensuring passive fit and reducing undue
stress on abutments. Though technique-sensitive, this connector is especially useful in managing tilted molars or in
posterior FPDs with divergent paths of insertion. It provides mechanical retention while allowing limited movement,
thereby functioning as a stress breaker and preserving the longevity of both the prosthesis and supporting structures.’

Connector Designing

The dimensions, configuration, and placement of the connectors significantly impact the effectiveness of the fixed
partial denture.'The geometric details of connector design, in addition to its size, play a crucial role in influencing
stress distribution and the risk of fracture. For instance, decreasing the connector area on the gingival side leads to
an increase in tensile stresses, which could pose challenges for long-term durability®.Yet, connectors that are
excessively large and bulky can interfere with effective plaque control and lead to periodontal problems over time.
Consequently, it is crucial to ensure that adequate access is available for the use of oral hygiene aids in relation to
the connector. Bulky connectors located inciso-cervically will negatively affect this access. Moreover, large and
improperly shaped connectors can result in metal exposure and diminish the aesthetic integrity of the restoration.'

Hygiene Considerations

Connector Size And Bulk:

Connectors must be large enough to ensure mechanical strength but not so large that they interfere with access for
oral hygiene aids, especially in the cervical area beneath the connector.’

Connector Shape And Position:

The connector must exhibit a seamless transition between components and possess a high level of polish, especially
on the tissue interface. Curved facio-lingual configurations promote effective cleaning and assist in reducing plaque
buildup.'

Embrasure Space:

A significant increase in the cross-sectional area of connectors decreases the embrasure space, thereby hindering

patients' ability to uphold proper hygiene. Consequently, this can cause plaque buildup and subsequent periodontal
9

problems.

Biologic Considerations

Pulp Size And Crown Height:

The size of dental pulp and crown height are critical considerations, particularly with non-rigid connectors.
Adequate space for connectors, such as boxes in retainers, is necessary while protecting the pulp chamber to
maintain tooth vitality. Manufacturers suggest a vertical height of 3 to 4 mm for these preparations to balance
biologic safety and structural integrity."
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Gingival Embrasures:

Gingival embrasures are V-shaped spillways that are located adjacent to the contact area of neighboring teeth,
beingnarrowest at the contact point and gradually expanding toward the facial, lingual, and occlusal surfaces.'°The
areas that expand from the contact points labially or buccally and lingually are referred to as labial or buccal and
lingual interproximal embrasures.Above the contact points, both incisally and occlusally, the spaces bordered by the
marginal ridges that converge with the cusps and incisal ridges are designated as incisal or occlusal embrasures.''

Fac.al

Gingival Embrasure Design:

Gingival embrasure design is vital for oral hygiene.The space beneath the connector, especially the gingival
embrasure, must be wide enough to accommodate cleaning aids like dental floss or interdental brushes without
harming surrounding tissue. Insufficient space can harm gingival health, leading to chronic inflammation. Thus,
careful attention to embrasure dimensions is essential for effective cleaning and preventing periodontal issues.”

Mechanical Considerations

Connector Shape And Configuration:

Most connectors have an elliptical cross-section optimized for strength when the major axis aligns with the applied
force, enhancing their ability to withstand stress. However, anatomical limitations often position the largest
dimensioln perpendicular to the force, compromising the connector's structural integrity and reducing its overall
strength.

In metal-ceramic FPDs, the recommended minimum connector size in the anterior region is 3 mm in height and 2.5
mm in width, resulting in a cross-sectional area of approximately 7.5 mm?. For all-ceramic or zirconia restorations in
the anterior segment, a larger connector size of 4 mm x 3 mm (12 mm?) is advised to compensate for the material's
brittleness and to enhance fracture resistance.

In the posterior region, metal-ceramic connectors should ideally measure at least 4 mm in height and 3 mm in width
(12 mm?). For all-ceramic restorations, connector size of 5 mm x 4 mm (20 mm?) is recommended to ensure
structural integrity and prevent connector fracture under masticatory load.>’

Stress Distribution:

Connectors should be designed to evenly distribute occlusal forces across the prosthesis. Studies shows that
reducing the connector's cross-sectional area, particularly on the gingival side, increases tensile stresses and
heightens the risk of structural failure.®

Aesthetic Considerations

Connector Size And Bulk:

Connectors should be designed to avoid excessive size or bulkiness, as this can result in metal exposure that detracts
from the natural appearance of the restoration and negatively impacts esthetics. Additionally, overly large
connectors, particularly in the inciso-cervical direction, can disrupt the natural emergence profile, leading to an
overly contoured appearance.'
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Connector Placement And Position:

For optimal aesthetics, connectors should be positioned within the natural anatomic interproximal contact areas,
ideally slightly towards the lingual (palatal) side. This strategic placement reduces their visibility from the facial
perspective and helps maintain the appearance of natural tooth separation. In instances where diastema is naturally
present, specialized connector designs, such as lingual loop connectors, can be employed. These designs not only
provide essential support but also help preserve the patient's distinctive aesthetic characteristics.'”

Gingival Contour And Transition:

The interface between the connector and the gingival tissue must be seamless, ensuring a smooth transition that
sidesteps any abrupt contrasts that might attract unwanted attention or cast noticeable shadows. Skillful contouring
is essential for preserving the appearance of natural papillae and promoting the appearance of healthy gingiva. '

Techniques Of Fabrication

Rigid Connectors:

Casting:

The connector is formed from wax as part of a multi-unit wax pattern during the wax-up phase. Following the
processes of investing and burnout, the complete assembly, which includes the connector, is cast as a single entity in
either metal or ceramic. This method offers several advantages, such as a reduction in laboratory steps, enhanced fit,
and increased strength. However, a significant drawback is that if a misfit occurs, it may necessitate the complete
remaking of the entire assembly."

Soldering:

The FPD is divided into sections, which are then cast as individual units and subsequently joined through soldering.
Soldering techniques can vary, including methods such as torch, oven, laser, and infrared soldering. While this
approach offers the advantage of enabling corrections and adjustments, particularly beneficial for long-span bridges,
it is also sensitive to technique. Precise alignment and control of the gap, typically around 0.13 mm, are crucial for
successful soldering.”"*

Welding:

It involves fusing neighboring metallic surfaces of metal connectors with or without a filler material that has a
comparable melting point. This method is utilized less frequently than soldering or casting, generally for particular
alloys or in situations where a high degree of joint strength is necessary. It is usually indicated in short-span FPDs
where high joint strength is needed and in situations requiring a seamless, continuous metal framework.”"

Non-Rigid Connectors:

The non-rigid connectors' components that are integrated into the wax pattern include a mortise (the female
component) that is created within the retainer, and a tenon (the male component) that is linked to the pontic. The
mortise is typically positioned on the distal side of the retainer. They are aligned in such a manner that both
components are parallel to the path of placement and removal, as assessed by a surveyor. The mortise can be
prepared either free-hand or with a precision milling machine. Additionally, there are pre-fabricated plastic patterns
available for both the mortise and tenon. An alternative method involves embedding a specialized mandrel into the
wax pattern, allowing the retainer to be cast while refining the mortise as necessary. The tenon is subsequently
fabricated and attached to the pontics.’

Conclusion:-

Connectors are essential for the effectiveness and durability of fixed partial dentures, as they integrate various
components into a unifiedprosthesis. The design and the technique of fabrication of connectors should be such that a
balance between mechanical strength, biological compatibility, and aesthetic factors is established to guarantee
optimal functionality and patient satisfaction.Whether rigid or non-rigid, the choice of connector type and the
technique used for its fabrication should be tailored to the clinical scenario, abutment alignment, and occlusal
requirements. Advances in dental materials and technology continue to expand the options available, allowing for
more precise and durable restorations. Ultimately, careful planning and execution in connector selection and
construction are essential for achieving predictable outcomes in fixed prosthodontics.
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