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ABSTRACT

Objectives: This study was conducted to compare the strains transmitted to the edentulous ridge 
with two different designs of unilateral removable prostheses using an extracoronal attachment; the 
unilateral removable partial denture and the unilateral removable porcelain fused to metal bridge.

Materials and Methods: An epoxy resin model with a unilateral distal extension base was 
prepared to receive a fixed porcelain fused to metal bridge carrying an extracoronal attachment. 
A unilateral removable partial denture (group I) and a unilateral porcelain fused to metal bridge 
(group II) were constructed using conventional casting and processing techniques and connected to 
the extracoronal attachment. Strain gauge was attached to the crest of the edentulous ridge beneath 
the area of the first molar and loads were applied to each prosthesis separately using a universal 
testing machine at the beginning of the test (baseline) and after 2000 insertion and removal cycles. 
Data was collected and statistically analyzed.

Results: A statistically significant difference was found in each group between the mean strain 
values at baseline and after 2000 insertion and removal cycles. The mean strain values were higher 
in group II than group I both at baseline and after 2000 insertion and removal cycles, but the 
difference was not statistically significant.

Conclusions: The unilateral removable porcelain fused to metal attachment retained bridge 
transfers comparable strains to the edentulous ridge as the unilateral removable attachment retained 
partial denture. The nylon cap needs to be frequently replaced to avoid excessive strains on the 
edentulous ridge.

KEYWORDS: Distal extension base, extracoronal attachment, stress analysis, unilateral 
partial denture, unilateral bridge. 
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INTRODUCTION 

Distal extension base cases have always been a 
challenge in prosthodontics due to the absence of 
a posterior abutment which prevents the use of a 
fixed restoration. The difference in compressibility 
between the mucosa overlying the edentulous ridge 
and the periodontium of the abutment teeth results 
in overloading the supporting structures and bone 
resorption when a removable partial denture is 
used 1–4. The fabrication of an implant restoration 
can solve these problems. However, it might not be 
applicable in all situations due to limitations such as 
quality and quantity of available bone as well as the 
patient’s financial capabilities 5–8. 

Precision attachments have proven to be a 
successful treatment option especially in unilateral 
distal extension base cases 9,10. They provide a 
functional as well as an esthetic restoration, while 
maintaining the health of the supporting structures 
and reducing some of the problems associated 
with conventional removable partial dentures 11–13. 
These prostheses allow for esthetic partial dentures 
without metal clasp display that are often a major 
objection of many patients 14–17.

 An attachment is essentially composed of a male 
part (patrix) and a female counterpart (matrix). One 
part is incorporated within the partial denture, and 
the other part is attached to the cast bridge covering 
the abutments. The two parts become engaged, 
providing retention and stabilization to the denture 
during function and rest while being highly esthetic 
and appealing to the patient 3,11. 

The unilateral design for removable partial 
dentures for class II Kennedy cases is claimed to be 
more acceptable to patients than the bilateral design 
due to its simplicity and decreased tissue coverage 
which is more comfortable during speech and 
mastication.  The attachments used for these cases 
need to incorporate a resilient element to act as a 
stress breaker to dissipate the potentially damaging 
forces that can be transmitted to the abutments 
during function 15,16,18,19.

Another approach for using attachments in class 
II Kennedy cases is the removable bridge, which 
resembles the conventional fixed bridge in form 
and material, but is connected to the abutments 
through the attachment matrix incorporated within 
the bridge allowing it to be removed and seated 
like an attachment partial denture. The bridge is 
constructed of porcelain fused to metal, and has 
no denture base or flanges extending over the 
edentulous ridge, while maintaining a point contact 
on the ridge by the pontics. Advantages of this 
approach include decreased tissue coverage with 
no denture base or flanges which enhances patient 
comfort and acceptance of the prosthesis due to its 
close resemblance to fixed restorations 20,21.

Research has been done on the effect of these 
two different designs on the abutments, however, 
their effect on the edentulous ridge has not been 
sufficiently studied. This article was done to 
compare the effect of these two different designs 
and materials (the removable partial denture and the 
removable porcelain bridge) retained by an extra-
coronal attachment on the strains transmitted to the 
residual ridge in Kennedy Class II cases.

MATERIALS AND METHODS

Fabrication of the epoxy model 

An epoxy resin model with a unilateral distal 
extension base was fabricated for this study with the 
second premolar as the last standing abutment. The 
first and second premolars were prepared to receive 
a fixed, full-coverage porcelain fused to metal 
bridge to which the extra-coronal attachment was 
to be connected. The abutment teeth were prepared, 
and then the model was duplicated using addition 
silicon (Replisil 22 N addition curing duplicating 
silicone, Germany) into an extra hard dental stone 
cast on which the wax patterns (Renfert grey wax, 
Germany) for the crowns of the two abutments were 
fabricated as one unit. 
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A dental surveyor was used to carve a ledge on 
the lingual surface of the wax pattern of the bridge. 
The patrix part of the extra-coronal attachment 
(RK-1, Bursa, Turkey) was then attached to the 
wax pattern using blue casting wax. The paralleling 
mandrel of the surveyor was used to ensure proper 
placement of the attachment. A space of 2 mm was 
allowed between the attachment and the ridge. 

The entire assembly was then cast in the 
conventional manner in cobalt chromium alloy. 
Porcelain was added to the bridge and fired, and the 
prosthesis was cemented on the abutments of the 
epoxy resin model using glass ionomer (Medifil, 
Promedica, Germany) (fig. 1a). Then, the steps 
of fabricating the two different prostheses were 
commenced. 

Group I (the unilateral removable partial denture)

A unilateral removable partial denture with a 
metal framework was constructed in in this group. 
First, the space beneath the patrix of the attachment 
was blocked with utility wax, and impression was 
made of the resin model using addition silicon to 
produce a cast with extra hard dental stone. The cast 
was then blocked out and duplicated into a refractory 
cast in the manner followed conventionally during 
metallic partial denture framework fabrication. 

During fabricating the wax pattern (Wax pat-
terns, Bego, Bremen, Germany) of the framework, 
it was made to extend and cover the lingual ledges 
of the fixed bridge to act as a side plate for bracing 
and stabilization of the denture. The matrix of the 
attachment was attached to the wax pattern of the 
framework in proper position in relation to its pa-
trix. Conventional casting techniques were carried 
out to obtain the metal framework. The framework 
was then tried on the epoxy resin model and com-
plete seating was verified. The remaining steps of 
partial denture construction was then continued to 
obtain the final unilateral removable partial denture 
with proper teeth set-up and an accurately fitting 
denture base fabricated from heat cured polymethyl 

methacrylate adapting and extending to cover sup-
porting structures of the edentulous ridge. (fig. 1b).

The denture was checked on the epoxy model 
for proper fit and adaptation of the denture base and 
the plastic cap was inserted in its place within the 
matrix using the plastic positioner tool provided by 
the manufacturer.

Group II (the unilateral removable porcelain fused 
to metal bridge)

The second design in this study was a removable 
porcelain-fused-to-metal two-unit bridge without 
an acrylic resin denture base extending over the 
edentulous ridge and with only a point contact 
between the pontic and the ridge. 

During the wax pattern step of fabricating the 
removable bridge, the matrix of the attachment was 
placed on the patrix and attached to the wax pattern 
of the removable bridge. The removable bridge 
was then cast in the conventional casting manner 
followed by the addition and firing of porcelain (fig 
1c). The plastic cap was inserted in its place within 
the bridge as with group I.

Strain gauge installation and loading of the pros-
theses

The strain gauge (KFGS-2N-120-C1-11L1M2R, 
Kyowa electronic instruments co., Japan) was 
placed on the crest of the ridge of the epoxy model 
at the location of the first molar tooth. The strain 
gauge was fixed in position with cyanoacrylate 
adhesive and its wire was secured in place with self-
cure acrylic resin. 

A universal testing machine (Lloyd LR5K Test 
Machine, Ltd, UK) was used to apply a vertical 
static load ranging from 0-100 N on the first molar 
tooth of the two prostheses. A notch was made in 
the first molar tooth to allow for the seating of the 
loading tip of the universal loading machine.

The removable partial denture was fully seated 
on the epoxy model and load was applied gradually 
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from 0-100 N with a speed of 100 mm/s. Strains 
were measured at the beginning of the test (baseline), 
and then the prosthesis was removed and seated 
2000 times, then the second strain measurements 
were taken. Each of the two measurements was 
repeated 20 times. Microstrains were recorded 
during load application by the computer connected 
to the universal testing machine using a specialized 
software (Nexegen ver.4.3 material testing software, 
Ametek, China) to collect and present the readings. 
The testing steps were repeated in the same manner 
for the removable porcelain fused to metal bridge 
(fig 2).

Collection of data and statistical analysis

The mean and standard deviation values were 
calculated for each group in each test. Data was 
explored for normality using Kolmogorov-Smirnov 
and Shapiro-Wilk tests. Data showed parametric 
(normal) distribution. Paired sample t-test was 
used to compare between two groups in related 

samples. Independent sample t-test was used to 
compare between groups in non-related samples. 
The significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM® SPSS® 
Statistics Version 20 for Windows.

RESULTS 

The results of this study showed that there was 
a statistically significant difference between strain 
values at the baseline and those after 2000 insertion 
and removal cycles in both groups where (p<0.001). 
The highest mean value was found in the baseline 
readings, while the least mean value was found after 
2000 cycles in both groups (table 1, fig 3).

The results also showed that the mean strain 
values were higher in group II (removable bridge) 
more than group I (removable partial denture) at 
both the baseline readings and after 2000 cycles. 
However, this difference was found to be statistically 
non-significant (table 1, fig 3). 

Fig. (1) (a,b,c)

Fig. (2) 
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DISCUSSION 

Attachment retained prostheses have proven to 
be an effective solution to the unilateral distal ex-
tension base cases by providing an esthetic prosthe-
sis that can function effectively while maintaining 
the health of the supporting structures. Additionally, 
patients have a general preference to unilateral pros-
theses more than bilateral prostheses due to their re-
duced tissue coverage which makes them more ac-
ceptable and comfortable during function 22. 

The attachment used in this study requires the 
creation of a ledge on the lingual surface of the 
fixed bridge covering the abutments to enhance 
stabilization and bracing of the prostheses and 
eliminate the need to cross over to the other side of 
the arch. 

There are two designs that can be used with 
unilateral precision attachments; the unilateral 
removable partial denture and the unilateral 
removable porcelain fused to metal bridge. The 
unilateral removable bridge is a design that is 
promoted commercially for its lack of denture base 
coverage and flanges as well as its resemblance 
to the fixed prosthesis which is usually the first 
treatment preference for most patients 19,23,24. On 
the other hand, the partial denture design is often 
objectionable to some patients due to the discomfort 
caused by covering the mucosa by the denture base 
and flanges and food accumulation beneath the 
denture base even though it is known for its wider 
coverage of the edentulous ridge that results in a 
more favorable stress distribution and preservation 
of the supporting structures 15,21. 

The results of this study showed that the strains 
transmitted to the edentulous ridge in group II 
were higher than those transmitted in group I both 
at baseline and after 2000 insertion and removal 
cycles. However, this difference was found to be 
non-significant. This is probably the result of the full 
extension of the properly adapted denture base over 
the ridge in group I which allows the distribution 
of masticatory load over a wider area. Another 
reason is the more resilient nature of the acrylic 
resin material of the denture base when compared to 
the stiffness of the porcelain fused to metal bridge 

Fig. (3) Bar chart showing strains in groups I and II at baseline 
and after 2000 cycles 

TABLE (1): The mean, standard deviation (SD) values of strain of different groups

Variables

Strain

Group I
Removable partial denture

Group II
Removable bridge

p-value

Mean SD Mean SD

Baseline 25.71 5.34 32.86 8.59 0.086ns

After 2000 cycles 55.71 8.59 61.43 5.56 0.074ns

p-value <0.001* <0.001*

*; significant (p<0.05)      ns; non-significant (p>0.05) 
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3,13,25. However, the lack of statistical significance 
between the two groups allows for the possibility 
of using the unilateral removable bridge as a viable, 
more acceptable alternative to the removable partial 
denture since they both transmit comparable stresses 
to the residual ridge. However, these results are only 
in regards to the edentulous ridge, and the strains 
transmitted to the abutments should also be taken 
into consideration before this decision is made.

The results have also shown a significant increase 
in the load transmitted to the edentulous ridge in both 
groups after 2000 insertion and removal cycles. This 
can be expected as a result of wear of the plastic cap 
of the attachment after the insertion and removal 
cycles resulting in loss of retention and movement 
of the prosthesis over the ridge under loading. The 
plastic cap also contributes in distributing the load 
favorably between the abutments and the ridge, 
and when it undergoes structural changes due to 
wear and decreased elasticity, more stresses will be 
transmitted to the ridge 26 27. 

CONCLUSIONS 

Within the limitations of this study, it can be 
concluded that the attachment retained unilateral 
removable bridge can be used with Kennedy class 
II cases instead of the partial denture design as they 
both transmit comparable stresses to the edentulous 
ridge. However, this decision needs further 
investigations to compare the effect of these two 
designs on the abutments as well.

Finally, retention plastic caps should be changed 
frequently to avoid overloading the edentulous ridge 
due to wear of the caps.
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