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ABSTRACT 
 
INTRODUCTION: A well-constructed two-implant-assisted mandibular overdenture can be a successful treatment option for completely 

edentulous patients as it helps improving the oral function and patient satisfaction through elimination of the fear of dislodgment during speech 

or mastication. Various attachment systems can be used for retaining mandibular overdentures such as bar, ball and socket, OT equator and 

locators. A new attachment system with metal to metal interface named Titach has evolved. During mastication, loads are transferred to alveolar 

bone surrounding the implants.  

OBJECTIVES: This study was done to compare the stress transmitted to peri-implant tissues of implant-assisted mandibular overdenture 

using two different attachment designs; Titach attachment and locator attachment. 

MATERIALS AND METHODS: A completely edentulous epoxy resin mandibular model was used in which two parallel dental implants 

were inserted at the canine region bilaterally. Sixteen mandibular implant-assisted overdentures were constructed forming two groups; each 

with different attachment design. Group I received 8 pairs of Titach attachment, while group II received 8 pairs of locator attachment. The 

difference in stress distribution was measured using strain gauges and compared between the two studied groups. Vertical load and oblique 

load (30o and 45o) of 50 and 100 N using the universal testing machine were applied bilaterally on the central occlusal fossae of mandibular 

first molars.  

RESULTS: There was no significant difference between group I and II upon application of vertical loading 50, 100N and 30o oblique loading 

50 N. However, group I showed lower strain values upon application of 30o oblique loading 100N, 45o oblique loading 50N and 100N. 

CONCLUSIONS: Titach attachment with metal to metal interface showed less strain values with favourable stress distribution when compared 

to zest anchor locator attachment with nylon interface for implant-assisted mandibular overdenture.  
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INTRODUCTION 
The prosthetic management of edentulous patients has long 

been a major challenge for dentistry. It has been proven that 

implant-assisted overdentures are one of the best treatment 

options in prosthetic rehabilitation of edentulous patients. 

They satisfy the patient’s expectations, improve quality of 

life with their long term serviceability and predictable 

outcomes. In addition, they have many beneficial effects 

like preservation of bone volume, improved retention, 

stability, function, proprioception and comfort (1). 

The glossary of implant dentistry, defined implant-

assisted prosthesis as any prosthesis that is completely or 

partly supported by an implant or   implants (2). 

According to the McGill consensus, it had been 

suggested that an overdenture with two implants is the first 

choice of treatment in the edentulous mandible. This was 

also reiterated by the York Consensus (3, 4). 

The design of implant-assisted overdentures varies 

according to the method of attachment and amount of 

support to be desired from implant and ridge mucosa. 

Various attachments have been advocated for retaining 

overdentures to implants. The commonly used types are 

bars, ball and sockets, locators, magnets, OT equators and 

telescopic crowns (1). 

 

The LOCATOR attachment (Zest Anchors, Inc, 

homepage, Escondido, CA, USA) was introduced in 2001. 

It is considered as universal hinge, as it is compatible with 

the majority of available implant systems. It consists of 

male and female parts; the male part is made of nylon which 

is incorporated in a metal housing that is found in the fitting 

surface of the overdenture. It has several advantageous 

characteristics, including resiliency and self-alignment 

(making it easy for the patient to align and seat the 

prosthesis in a repeatable path of insertion) (5). 

Furthermore, it is characterized by dual retention (internal 

and external thus, providing greater degree of retention) (6-

8), ease of replacement of the nylon-retentive inserts (9, 10), 

maintenance of oral hygiene (11), and a low-profile (7).  

A next-generation LOCATOR attachment system 

(LOCATOR R-Tx Removable Attachment System) 

corrects up to 30° correction per implant and 60o between 

implants (5). 

A new attachment system named Titach prosthetic 

system (Implanova, Dental Evolutions Inc., Beverly Hills, 

CA, USA) was developed as a solution for implant-assisted 

overdentures. It can be used for indications requiring up to 

33o divergence for a single implant, or 66o divergence 
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between contralateral implants. It requires a vertical 

clearance of 4.5 mm and a diameter of 6 mm to 

accommodate the cap. It employs a metal to metal interface 

between the cap and the abutment unlike nylon interface 

such as Zest anchor locator system. The cap has vertical 

slots to allow its opening on engaging the abutment. It 

includes a special medical grade silicone sleeve that acts as 

a block-out during pick-up of the cap. After the pick-up, this 

silicone sleeve is cut into half and inserted between the cap 

and the cap housing so that it locks under the outer edge of   

the cap. It allows for up 0.2 mm of vertical cushioning, 

permitting compression of the mucosa during function and 

parafunction and gradual seating of the prosthesis. 

Moreover, each attachment is able to resist between 7-10 lbs 

of force (12). 

Current techniques used to evaluate the biomechanical 

load on implants comprise the use of photoelastic stress 

analysis (13, 14), two-dimensional (2D) or three-

dimensional (3D) finite element stress analysis (15), and 

strain-gauge analysis (16). 

A strain gauge is a device used to measure strain on an 

object. It is a small electric resistor that under slight 

deformation alters the resistance created in their current. It 

measures the deformation of an object where it is applied. 

The captured electrical signal is sent to a data acquisition 

board, turned into a digital signal, and read by the computer. 

The most common type consists of an insulating flexible 

backing which supports a metallic foil pattern. The gauge is 

attached to the object by a suitable adhesive, such as 

cyanoacrylate (17). 

 

MATERIALS AND METHODS 
A ready-made set of completely edentulous maxillary and 

mandibular models made of epoxy resin (Ramses medical 

products factory, Alexandria, Egypt) were used. The width 

of the mandibular model was 7.5 mm at the canine region. 

The epoxy resin was covered with mucosa simulating 

material made of flexible polyurethane of 1.5 mm thickness. 

These models were duplicated into maxillary and 

mandibular stone models for fabrication of overdentures.   

 

Fabrication of the mandibular overdentures 

Maxillary and mandibular trial denture bases with wax 

occlusion rims were constructed on the duplicated stone 

models and mounted on mean value articulator; on which 

maxillary and mandibular acrylic teeth were arranged and 

adjusted.  

The inter-canine distance in the mandibular arch was 

22 mm (each was 11 mm from the midline) which simulates 

the distance between two natural canines (18). 

Sixteen mandibular trial denture bases were 

constructed on the duplicated stone model.  The same size 

mandibular acrylic teeth (size 22, Acrostone cross-linked 

acrylic teeth, Cairo, Egypt) were arranged on all the trial 

denture bases utilizing the opposing maxillary trial denture 

and the same mounting to ensure standardization of all the 

mandibular overdentures.  

Flasking and packing using heat-cure polymethyl 

methacrylate (Acrostone heat-cure material, Cairo, Egypt) 

were performed for the sixteen mandibular trial denture 

bases. Finishing and polishing were done for all the 

overdentures using the conventional method.  

 

 

Acrylic drilling template fabrication and implant 

installation 

A light-cure acrylic resin drilling template was fabricated 

over the finished overdenture using a vacuum-forming 

machine to ensure the precise location of implant drilling at 

the canine region bilaterally.   

The sequence of drilling was performed as follow: 

cortical drill, pilot drill, body drill (core drill), head drill and 

finally body drill again to wash out debris. The parallelism 

of the two implants was checked by the paralleling pin 

(Implanova, Dental Evolutions Inc.,Beverly Hills, CA, 

USA during drilling the second implant.  

Two implants (Implanova, Dental Evolutions 

Inc.,Beverly Hills, CA, USA) of 10 mm length and 3.5 mm 

diameter each were inserted in the drilled holes using torque 

wrench. The primary stability was 35N. 

 

Pick-up of Titach attachment [group I]  

Two Titach attachments were screwed to each of eight 

mandibular overdentures under torque of 20 N using torque 

wrench. The silicone sleeve was placed on the cap making 

sure that the top of the silicone sleeve is below the upper 

edge of the cap and it does not cover the retentive fins. The 

cap-sleeve assembly was placed over the abutment firmly 

until a definite seated position. The sleeve must cover the 

entire abutment neck that is extruding from the gingival area 

in order to prevent the acrylic resin from locking around the 

abutment (Figure 1).  

 

 
Figure (1): Showing Titach attachment. 

 

The overdenture was placed over the model. The 

position of the attachments was marked by a marker in order 

to be relieved until the overdenture was fully seated. Two 

holes were made in the lingual surface of the overdenture 

corresponding to the position of the attachments to allow 

escape of excess self-cure acrylic resin that is used for pick-

up of the attachments’ caps.  

A separating medium was applied on the model and 

monomer was applied on the holes. Cold-cure polymethyl 

methacrylate was mixed. When the mix reached the dough 

stage, it was placed in the fitting surface of the overdenture. 

The overdenture was seated over the model to pick-up the 

attachments’ caps.  After setting, the silicone sleeve came 

out with the overdenture. Then by scalpel; the protruding 

part of the sleeve from the cap was removed. Finally, 

finishing and polishing of the acrylic resin was done  

(Figure 2). 
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Figure (2): Showing fitting surface of the overdenture with 

Titach's caps. 

 

Pick-up of zest-anchor locator [group II]  

Two zest anchor locator attachments of 3 mm collar height 

were screwed to each of the other eight mandibular 

overdentures under torque of 20 N using torque wrench 

(Figure 3). A white block out spacer ring was placed around 

each abutment. Then, a denture cap with a black processing 

male was placed onto each abutment and was pressed down 

to ensure engagement of the abutment. 

 

 
Figure (3):  Showing Zest-anchor Locator attachment. 

 

The areas where the denture will need to be relieved 

were marked to allow space for the caps to be picked up. 

Lingual vent windows in the denture were made to visualize 

full seating and for excess material to vent. The denture caps 

were dried. Cold-cure polymethyl methacrylate was mixed 

and placed into the relief areas of the denture and then the 

overdenture was seated over the caps and was left until the 

material set. Then, the overdenture was disengaged from the 

abutments. Finally, Finishing and polishing to the acrylic 

resin was done. 

The black processing male was removed and 

substituted by clear locator nylon insert of 5 lbs retention 

force using the locator core tool (Figure 4). 

 

  
Figure (4): Showing fitting surface of overdenture with locator 

attachment of clear nylon insert. 

Preparation of the model and installation of strain gauges 

(19) 

Eight self-protected linear strain gauges (KFG-1-120-C1-

11L1M2R, KYOWA strain gages, Tokyo, Japan) of a gauge 

factor 2.13 ± 1%, a gauge length 1 mm and a gauge 

resistance of 119.6 ± 0.4Ω were used in this study.  

Eight channels were prepared in the epoxy model to 

receive the strain gauges.  Four channels were prepared at 

the labial, lingual, mesial and distal aspect of each implant. 

The channels were at the crestal region, parallel to the long 

axis of the implant and there was 2 mm thickness of epoxy 

resin between the strain gauge and the implant. The 

channels were prepared with flat walls especially the wall 

parallel to the implant on which the strain gauge will be 

placed. 

Strain gauges were installed on their corresponding 

prepared sites in the epoxy resin model to measure the strain 

in peri-implant tissues (Figure 5). A Cyanoacrylate adhesive 

(CC-33A, Kyowa, Japan) was used to cement the strain 

gauges parallel to the long axis of each implant. The strain 

gauges were left for 24 hours to ensure complete setting of 

the adhesive. 

 

 
Figure (5): Showing installation of strain gauges in their prepared 

channels. 

 

The wires of the strain gauges were embedded in 

specially prepared channels which were created in the base 

of the model to avoid accidental displacement of the wires 

that may affect the accuracy of the readings.  All the wires 

were labelled indicating the surface to be measured. The 

wire terminals of the 8 strain gauges were connected to a 

multichannel strain meter. 

 

Loading application and strain measurement 

A universal testing machine (Mecmesin, Multi Test5-XT 

(5KN), USA) connected to a computer was used to apply 

vertical and oblique (30o, 45o) loading. The load was applied 

in a compression mode through two metal rods with cross-

head speed set at 10 mm/min (Figure 6). 

 
Figure (6):  Showing application of vertical loading. 
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The load application was in the form of bilateral 

loading, the load was delivered through metal rods directed 

to the right and left central occlusal fossae of the first 

molars. The magnitude of load was 50 N and 100 N which 

simulates the average amount of biting force of completely 

edentulous patient on an implant-assisted overdenture (20-

22). 

All the strain gauges were zeroed and calibrated prior 

to loading. The strain gauge sensors were connected to a 

strain meter (Data Logger model TDS-150, Japan) that is 

connected to another computer to measure the strains that 

result from the applied load.  

This procedure was repeated for every overdenture in 

group I and II under the same conditions. Five minutes were 

left between each loading as a period of rest to allow for 

heat dissipation from the strain gauge sensors (23).  

Due to the use of variable materials with different 

modulus of elasticity (young modulus), it was difficult to 

obtain an equation to convert strain to stress. Moreover, 

there is direct correlation between strain and stress; when 

strain increases, this means there is high stress (24). 

 

Statistical analysis  

Data were collected and entered into the personal computer. 

Statistical analysis was performed using statistical packages 

for social sciences (SPSS), version 20 (IBM Corp., Armonk, 

NY). The Kolmogorov-Smirnov test was used to verify the 

normality of distribution of the quantitative data.  The tests 

used were Mann Whitney test and Wilcoxon signed ranged 

test because data were not normally distributed, to compare 

between the two groups. The 5% was chosen as the level of 

significance (25). 

 

RESULTS 
Stress analysis at peri-implant tissues of mandibular 

implant-assisted overdenture by measuring the strain 

distribution using strain gauges was compared between the 

two studied groups as shown in table 1. 

The values of strains developed after load application 

in the labial, lingual, mesial and distal aspects of the 

implants in both right and left implant were summed and 

compared between the two studied groups  

There was no statistically significant difference in the 

value of the sum of strains developed at peri-implant tissues 

in right and left implants in mandibular implant-assisted 

overdenture between group I (Titach) and group II (Locator) 

after application of vertical loading 50 N and 100 N with p= 

0.189 and p= 0.184 respectively.  

Also, there was no statistically significant difference in 

the value of the sum of strains between group I (Titach) and 

group II (Locator) after application of 30o oblique loading 

50 N with p= 0.668. 

However, there was statistically significant difference 

in the value of the sum of strains between group I (Titach) 

and group II (Locator) after application of 30o oblique 

loading 100 N, 45o oblique loading 50 N and 100 N, as 

group I showed lower strain value with median = 13.28, 

33.22 and 39.90 respectively as compared to group II whose 

median = 48.45, 76.82 and 103.67 respectively and p= 

0.024, p= 0.026 and p= 0.001 respectively. 

 

 

 

 

Table (1): Showing the values of all the strains (ɛ) in both 

right and left implants between the two studied groups. 

 
 

DISCUSSION 
In this study, the completely edentulous models were 

prepared from epoxy resin material which has an 

appropriate elastic modulus for a bone analogue material 

(approximately 20 GPa) (26).  

Only two implants were chosen to be placed as it was 

reported by McGill and York consensus who reported that 

an overdenture with two implants is the first treatment 

option in the edentulous mandible (3, 4). 

Implants were placed bilaterally in the anterior 

mandible especially the canine region. The anterior area 

was chosen as many studies concluded that this area showed 

high implant success rate when loaded by overdentures 

(27). 

Each implant was 10 mm length and 3.5 mm diameter. 

The 10 mm length was chosen as it is considered as an 

adequate length to obtain optimum stress distribution 

around the implants. According to Georgiopoulos et al (28), 

implant length from 10 mm to 14 mm resulted in strain 

reduction on bone tissue during immediate and delayed 

implant loading. However, implants shorter than 10 mm did 

not alter the strain field. Moreover, it was reported that there 

should be at least 1 mm of bone at buccal and lingual walls 

at the crest of the potential implant site to ensure sufficient 

bone thickness and blood supply around the implant for 

predictable survival. That’s why implant with 3.5 mm 

diameter was chosen in the model with width of 7.5 mm at 

the canine region (29). 

There was only one available vertical height of Titach 

attachment which is 4.50 mm. Thus, the chosen collar 

height of zest-anchor locator was 3 mm in addition to the 

constant height of male seating area of 1.50 mm with total 

vertical height= 4.50 mm. 

Owing to accuracy in the evaluation of stress 

distribution and due to difficulty in standardization and 

repeatability of the obtained values for strain measurement 

in-vivo, this study was conducted in-vitro to overcome 
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limitations of stress analysis studies attempted clinically 

(30). 

The installation of strain gauges was done in prepared 

flat surfaces in the epoxy resin parallel to the long axis of 

the implant and perpendicular to the crest of the ridge. It is 

preferred to bond the strain gauge on completely flat surface 

to minimize the possibility of obtaining incremental 

apparent strain that result from mounting the strain gauge 

on curved surface (31, 32). 

Moreover, strain gauges were bonded to the crest of the 

ridge around the implants because peri-implant stresses and 

bone loss usually initiated at the alveolar crest around the 

implant’s neck and possible overloading could occur from 

compression of cortical bone at alveolar crest (33). 

It was observed that, the average biting force of 

completely edentulous patients wearing implant-assisted 

overdentures was in range of 50-100N. Thus, it was selected 

as the magnitude of load directed to the overdentures (20-

22).  

In this study, the first molar was chosen for loading 

because maximum occlusal forces are often exerted in this 

region where there is maximum contraction of the elevator 

muscles (34).  In addition, vertical and oblique static loads 

were applied bilaterally to the central fossae of first molars. 

This is in agreement with Tokuhisa et al (22) who 

mentioned that occlusal force tended to be concentrated 

around the molar region where the denture showed the 

largest movement. The load was applied bilaterally to 

simulate centric occlusion in vivo. 

Furthermore, loading was applied vertically parallel to 

the long axis of the implants and oblique (30o and 45o). This 

oblique loading application was done in accordance to Lin 

et al (35) who reported that forces of mastication are more 

oblique due to inclination of artificial tooth cusps and 

strains from oblique forces are more important to be 

recorded since they are more detrimental than vertical 

forces.  

In this study, there was no statistically significant 

difference in strain values between both studied groups 

upon application of vertical loading. This could be 

attributed to vertical forces that were directed within the 

long axis of the used implants and attachments which were 

parallel to each other. In addition, Titach attachment 

possessed silicone sleeves around the caps that might have 

allowed stress distribution like the nylon inserts which were 

incorporated in the locator’s caps. There was another 

explanation for this non-statistically significant difference 

in strain values which may be related to the favourable 

character of Titach attachment that allows for up 0.2 mm of 

vertical cushioning, permitting compression of the mucosa 

during function and parafunction loads.  

However, there was statistically significant difference 

between both studied groups upon application of 30o 

oblique loading 100 N, 45o oblique loading 50 and 100N 

with favourable strain values using Titach attachment. This 

could be postulated to the metal to metal interface design of 

Titach attachment, in addition to the flat occlusal surface of 

the abutment which proposed to minimize the oblique 

stresses on peri-implant tissues. 

 

CONCLUSION 
Within the limitations of this study, the following 

conclusions were obtained:  

1- There was no difference in strain values between Titach 

attachment and Locator attachment upon application of 

vertical loading for implant-assisted mandibular 

overdenture. 

2- Titach attachment showed less strain values with favourable 

stress distribution when compared to Locator attachment 

upon application of oblique loading. 
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