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R have also shown that maxillary overdentures are a 
well-accepted treatment option for the edentulous 
arch; interestingly, over a moderate-term length, 
patients treated with maxillary overdentures are 
as satisfied as those treated with fixed prostheses.5 

Long-term survival rates of dental implants 
on the maxillary and mandibular arches reveal 
unique potential challenges for maxillary over-
denture treatment. Bone quality and quantity 
on the maxillary arch is much lower than on 
the mandibular arch for most patients. As a 
result, overall long-term success of maxillary 
implant treatment remains lower than that of 
the mandibular arch.6 The edentulous maxillary 
arch tends to have much lower bone density and, 
due to anatomical features such as the maxillary 
sinus and nasal sinus, shorter implant length may 
be needed than in other implant sites. Protocols 
have been established that include using dental 
implants with moderately rough surface proper-
ties, minimizing parafunctional forces, appro-
priating natural dentition, and using a greater 
implant number in compromised cases.7 

A general consensus exists on the implant 
number for maxillary overdenture treatment, 
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RESTORATION OF A PATIENT’S maxillary dentition 
using an implant-retained overdenture is a predict-
able clinical procedure that is often mired in confu-
sion when evaluating restorative approaches and 
methodology. When used to restore the mandibular 
dentition, the stud-style two-implant overdenture 
has shown high degrees of patient satisfaction and 
long-term success.1,2 In contrast, the maxillary arch 
presents unique challenges when restoring with 
stud-style abutments. 

Treatment of patients with maxillary overden-
tures using both splinted and unsplinted designs has 
been shown to be successful in both short-term and 
long-term studies.3,4 Patient satisfaction metrics 
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with recommendations of at least four implants 
widely spread around the arch. Distribution and 
implant number has been shown to be important 
for physical properties of the denture prosthe-
sis.8-9 Anatomical features, such as the maxillary 
sinus and inferior alveolar nerve, may limit the 
ability of the clinician and technician to be able 
to utilize a wider distribution of dental implants. 

Historically, implant overdenture design relies 
upon the ability of the prothesis to maintain a 
rotational point within the attachment system 
that permits antero-posterior and oblique move-
ments. When the patient inserts and removes the 
prosthesis, the rotational capability of the attach-
ment system is an important factor for being able 
to maintain a unique path of placement of the 
prosthesis even when implants are in divergent 
positions. Clinicians and technicians want to 
control off-axis implant positions and provide a 
functional restoration using abutments that permit 
an enhanced rotational capacity. The use of a bar in 
combination with stud-style abutments is an option 
for control of off-axis implant positions and pro-
vides parallel retentive elements.10 Furthermore, 
the splinting effect can assist clinicians in treating 
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patients with limited bone quality and quantity on 
the maxillary arch by placing implants in positions 
that normally would be challenge to restore with 
stud-style abutment systems.10 

Many clinicians and technicians often use 
stud-style abutments—such as a LOCATOR 
(Zest Dental Solutions), Stern ERA (Sterngold 
Dental), and OT Equator (Rhein83)—due to 
simplicity related to clinical and technical 
factors. Prosthetic space requirements are an 
important factor related to abutment choice 
selection. Stud-style abutment overdentures 
typically require 9 mm to 11 mm from the incisal 
edge of the prosthesis to the top of the implant 
platform, whereas bar overdentures typically 
require 13 mm to 15 mm.11,12 Bar overdentures 
often require additional metal frameworks inside 
of the prosthesis to add strength, which further 
increases the amount of space required within 
the prosthesis.13 As the technician increases 
the bar height or length to help strengthen the 
prosthesis, it may lead to excessive bulk within 
the prosthesis, especially when combined with 
Hader- or Dolder-style retentive elements. As 
a result, some clinicians and technicians prefer 
using individual solitary stud-style abutment sys-
tems to restore maxillary implant overdentures. 

Splinted implant overdenture restorations 
tend to show lower implant complication rates 
compared to stud-style abutment systems.14 Others 
have found that even with a modestly higher com-
plication rate, patients greatly prefer prostheses 
with less bulk, enhanced cleansibility, greater sim-
plicity, and less maintenance concerns—all of which 
is achievable when a stud-style abutment system is 
utilized. Furthermore, others have indicated that 

patient satisfaction is not significantly impacted 
by splinted versus non-splinted design when stud-
style abutments are utilized. 15

Clinicians and technicians often face a dilemma 
involving how to properly design a maxillary 
framework for implant overdentures. The aim 
of this article is to discuss general framework 
design parameters for bar and stud-style implant 
overdenture restorations. 

Bar Overdentures
Based upon the aforementioned factors of 
prosthetic space, splinting, and bone density, a 
clinician and technician together should make 
the decision whether a patient is a good candi-
date for a bar overdenture. After the implants 
are placed according to anatomical features that 
permit adequate distribution and angulation, the 
patient often presents with healing abutments in 
place ready for impression procedures (Figure 1). 
Screw-retained abutments are placed and a tradi-
tional PVS impression is made. In the laboratory, 
metal analogs are placed and the impression is 
poured in dental gypsum (Figure 2).

Bar overdenture design relies heavily upon 
knowing the prosthetic relationship of the dental 
cast to the prosthetic tooth goals.16 Having an 

Fig 1. A patient presents requesting a bar-retained implant 
overdenture. Healing abutments are removed and screw-
retained abutments placed. Fig 2. An impression is made 
of the screw-retained abutments and poured into type 
IV dental stone. The definitive cast and the tooth setup is 
optically scanned prior to designing the framework.  
Fig 3. Digital design of the maxillary bar and suprastructure 
framework is performed to ensure the prosthesis guides the 
technician. The bar is designed in a way that it is hygienic 
and strong enough according to the desired restorative 
material. Fig 4. The completed milled bar with LOCATOR 
abutments is evaluated intraorally to ensure passive fit.  
Fig 5. The bar overdenture is processed conventionally and 
retentive elements placed at the laboratory. The prosthesis 
is placed together with the bar and patient confirmation of 
esthetics, phonetics, and centric.
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approved prosthetic tooth arrangement try-in 
completed prior to designing the bar framework 
is essential to the success of the bar overdenture 
case as the try-in permits the restorative plan 
to be the guide for the technical procedures to 
ensure the completed bar fits within the confines 
of the restoration. Far too often, one can travel 
to a dental meeting and see countless numbers 
of dental casts with extensive-looking maxillary 
frameworks yet no prosthetic tooth plan. This 
can potentially result in a slippery slope where 
overly complex framework designs seem pref-
erable by technicians when studies show that 
simpler designs are preferred by patients.17 

The definitive cast and the prosthetic tooth 
arrangement (or waxup) are optically scanned 
and imported into CAD planning software to 
design the bar framework. During the design pro-
cess, the prosthetic tooth position is confirmed 

than the distance of the A-P spread. If a cast metal 
framework is to be utilized, the temptation for 
many technicians is to keep the bar as thin as pos-
sible to minimize alloy costs; however, ensuring 
proper thickness of a cast material will maximize 
long-term strength.

When planning on retentive elements within 
the bar design, a goal is to have at least four on most 
maxillary cases. Factors that may minimize that 
number are limited A-P spread, low bone density, 
short implants, and patients with parafunctional 
forces.19 Many clinicians and technicians tend to 
favor an even number of retentive elements to 
help stabilize the forces equally throughout the 
arch. Odd-numbered retentive elements pres-
ent on an implant overdenture may impart an 
uneven, wobbly, joint-like rotational force on the 
bar framework. While cantilever length ideally is 
minimized as much as possible, placing retentive 
elements on the cantilever can be performed to en-
sure a wide distribution of the retentive elements. 

While modification of the design is dependent 
upon the proposed prosthetic tooth position, 
bar frameworks should generally follow the 
alveolar ridge anatomical structure, rather than 
be arbitrarily designed. Keeping the bar design 
within the alveolar ridge proper gives the patient 
enhanced potential to properly maintain the 
prosthesis. Patients with alveolar defects, such 
as maxillofacial patients, however, may require 
larger and longer frameworks because of ana-
tomical structures obliterated due to resection. 
Placing the bar at least 1 mm above the soft tissue 
margin will ensure the patient can maintain the 
bar while in function. When prosthetic space is 
limited, however, many technicians are forced to 
decide to “cheat a little” by placing the bar closer 
to the tissues versus making hygiene and mainte-
nance more complicated for patients. Also, bars 
that rely upon additional stud-style retentive 
elements or Hader/Dolder retentive elements 
do not need any taper on the exterior portion of 
the bar to enhance retention and stability of the 
prosthesis as the retentive element provides most 
of the retention and resistance to dislodgement. 

After the bar has been fabricated via reductive 
manufacturing methods, such as milling, individu-
al stud-style systems can be fixed to the bar using a 
variety of methods. Many technicians prefer to use 
a drill tap to place a threaded portion within the 
bar framework where a retentive element can be 
torqued into position. Many stud-style abutment 
systems have prescribed threaded parts that can 
permit simple placement of the retentive element. 
Alternatively, systems that permit welding can 

and helps guide the framework design (Figure 
3). Aforementioned design principles are em-
ployed to design the bar framework including 
maximizing anterior-posterior positioning of the 
retentive elements and ensuring the bar height 
and width are a suitable thickness to ensure 
long-term strength. The optimal design of the 
bar framework depends upon the restorative 
material chosen for the bar framework itself, with 
commercially pure milled titanium bars requir-
ing greater width and height parameters than 
stiffer milled cobalt chrome materials. Cantilever 
lengths should be limited, with general consen-
sus of lengths no more than 150% of the distance 
from the middle of the most anterior screw to the 
posterior aspect of the most posterior implant 
platform, known as the A-P spread.18 If a polymer 
framework is utilized for the bar overdenture, 
cantilever lengths should be limited to no more 

Fig 6. The patient presents with six existing LOCATOR R-Tx abutments in place. Fig 7. Retentive 
housings are placed and an intraoral optical scan completed. Fig 8. Optical scans are imported into 
dental-specific software and framework designed to ensure as much palatal coverage as possible is 
achieved and retentive meshwork surrounding abutment housings.
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be placed using a laser weld to join the retentive 
element to the bar framework. Laser welding is 
very predictable for cobalt chrome frameworks 
but less predictable with titanium frameworks. 
Polymer-based frameworks can utilize a hybrid 
approach of a drill tap and resin cement to adhere 
the overdenture retentive element. 

After the bar has been fabricated and reten-
tive elements placed, an additional, secondary 
suprastructure covering the bar framework is 
highly recommended for many bar overdenture 
cases. Typically, suprastructures are either cast 
or digitally produced cobalt chrome and serve to 
provide strength within the maxillary prosthesis 
while in function. If a tapered bar is employed, the 
suprastructure will have an intimate fit to the bar 
framework. If a bar with stud-style or Hader/Dolder 
retentive elements is employed, the suprastructure 
typically will fit intimately to only a few portions of 
the bar, and the remainder of the framework will 
be blocked out to ensure resiliency exists within 
the prosthetic design. Prostheses that rely upon 
bar support do not require much—if any—tissue 
support, and the amount of tissue extension of the 
suprastructure can be kept to a minimum.

The completed bar and suprastructure are tried 
intraorally to ensure a properly fitting frame-
work (Figure 4). A one-screw test is employed 
to verify passive fit of the bar, with the clinician 
placing one prosthetic screw on one side of the 
prosthesis and tightening down to verify minimal 
movement of the framework. The suprastructure 
and prosthetic tooth arrangement are verified to 
ensure the patient is satisfied and confirm proper 
vertical dimension, centric, stability, phonetics, 
and esthetics. The prosthesis is processed in a 
conventional fashion by the technician and placed 
be the clinician (Figure 5). Retentive elements are 
placed and the patient demonstrates the ability to 
insert and remove the prosthesis prior to dismissal.

Individual Stud-Style Abutments
Individual stud-style abutments can be suc-
cessfully utilized with maxillary overdenture 
restorations. Because of the aforementioned 
factors, many advocate for the use of four to six 
implants for many patients. Patients who seek 
implant overdenture therapy often are primarily 
interested in eliminating the hard palate coverage 
of their removable prosthesis.20 The challenge of 
eliminating or minimizing the hard palate cover-
age of the overdenture is that a primary amount of 
support and stability of the prosthesis is derived 
from the hard palate and eliminating the palatal 
coverage may potentially lead to overloading 

retentive element prior to impression procedures. 
An optical scan can be made of the dentition with 
the housings in place directly using an intraoral 
scanner (Figure 7). Optical scans of the patient’s 
prosthesis are beneficial; however, it’s not critical 
to fabricating a stud-style overdenture framework 
as the prosthetic space requirements are not as 
demanding as bar overdenture restorations. 

The optical scan files are imported into a 
dental-specific software, where a framework 
can be designed using a wizard-like function. 
Because the stud-style abutment maxillary 
overdenture is a tissue-supported prosthesis with 
implant-retention, it is important to carefully 
design the suprastructure to ensure long-term 
success of the restoration (Figure 8). A clinician 
and technician are often faced with a catch-22, 
because the maxillary hard palate is the primary 
support/stability factor for the maxillary arch, 
yet the patient is often motivated by having as 
little palatal coverage as possible. To meet both 
expectations, the patient should be informed of 
the goals of the prosthesis and the benefits and 
risks of eliminating palatal coverage completely 
versus minimizing palatal coverage. The former 
creates a “ridge-runner prosthesis,” while the 
latter creates a “horseshoe prosthesis” with an 
emphasis on placing as much of the suprastruc-
ture on the primary hard palate as possible. 

Some technicians prefer to cover the reten-
tive elements of the stud-style abutments in the 
framework design; however, this can increase 
the prosthetic space requirements needed. In 
many cases, retentive elements generally do not 
need coverage of the framework over the abut-
ment housings and can be avoided. The retentive 
meshwork of the framework is designed to be 
slightly off the tissue surface, generally between 
0.3 mm and 1.0 mm, to permit acrylic resin to 
flow underneath during processing procedures. 
Having minimal contact of the framework 
on the alveolar ridges permits the clinician to 
make simple and predictable adjustments of any 
pressure spots. The retentive element is placed 

of the dental implants. To help minimize the 
stresses imparted on individual implants with 
stud-style abutment systems, studies suggest that 
at least four implants are required for palateless 
coverage of the maxillary overdenture, with some 
indicating that more than four may result in 
optimal long-term outcomes.3,7 

After the implants have been placed, the patient 
returns for impression procedures and fabrication 
of the definitive cast. Healing abutments are re-
moved, and definitive stud-style abutments placed 
(Figure 6). To facilitate technical fabrication 
procedures of the framework, the clinician places 
either the housings or a scan body on top of the 

Guidelines for Bar Overdenture Framework Design
1. Strongly guided by the prosthesis and tooth position

2. Limit cantilevers to no more than 150% of the A-P spread

3. Place at least four retentive elements in most cases

4. Avoid odd-numbered retentive elements

5. Secondary suprastructure highly recommended
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 Fig 9. Completed maxillary framework is 3D 
printed by an industrial laboratory (Bertram 
Dental in Menasha, Wisconsin). Fig 10. The stud-
style overdenture is processed conventionally 
and retentive elements attached chairside upon 
delivery of the prosthesis by the clinician.
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around the abutment housings, which imparts strength, but also permits 
the clinician to easily adjust recesses with the patient present. In scenarios 
where the framework was covering the housing and the clinician needed to 
enlarge the recess more, adjustment procedures can be much more difficult 
compared to designs where the housings are not covered by the framework. 

A bead line is scribed on the palatal section to create a seal of the framework 
to the tissues and the major connector is designed to cover as much of the hard 
palate as the patient will permit. A finish line is placed on the palatal portion 
of the major connector and two to four tissue stops are placed in the relieved 
retentive mesh of the framework to aid in processing the acrylic resin. The 
framework is exported from the design software and produced using metal ad-
ditive manufacturing techniques or a combination of additive manufacturing 
and casting (Figure 9). The framework is evaluated intraorally and typically in 
combination with denture teeth to assess occlusal vertical dimension, centric, 
phonetics, and esthetics prior to processing. The prosthesis is completed using 
conventional acrylic resin processing techniques. 

Stud-style abutment maxillary overdentures’ retentive elements can be 
processed to the prosthesis either by the technician or clinician. Attachment 
processing, or pick-up, is predictable when performed by the clinician chair-
side. The laboratory-prepared recesses are slightly enlarged using acrylic 
burs and mechanical undercuts are placed within the prosthesis. Acrylic or 
composite resin is flowed into the prepared recess and the clinician seats the 
prosthesis onto the edentulous ridge, ensuring passivity of the prosthesis 
during attachment processing. After the resin has completely polymerized, 
the prosthesis is removed, and processing inserts are changed for retentive 
inserts and the prosthesis placed onto the edentulous ridge. The patient 
demonstrates insertion and removal of the prosthesis prior to dismissal. 

Closing Comments
Clinical and laboratory procedures to design maxillary implant overden-
ture frameworks often require the clinician and technician to work closely 
together. Frameworks are highly recommended for maxillary bar-retained 
overdentures and stud-style abutment systems. Clinical guidelines presented 
in this article can help provide a roadmap for ensuring a successful long-term 
outcome for patients wishing for an implant overdenture restoration. 
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Guidelines for Stud-Style Overdenture Framework Design

1. Less guided by the prosthesis and tooth position

2. Discuss palatal coverage “goals” with patient prior to designing

3. Place major connector as much on hard palate as possible

4. Avoid covering housings with framework

5. Chairside processing/pick-up is ideal
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