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Abstract 

Aim: This article evaluates the retention force of Locator metal housing attached to implant overdenture with 

two different pickup strategies.  

Subjects and methods: Two dummy implants were inserted in the lower canine positions. The denture base was 

designed digitally with special parameters for both study groups (n = 5 each) with two different pickup strategies: 

without retaining material for the intervention group and with retaining material for the control group.  Retention 

forces were tested by using the universal testing machine at 0, 135, 270, 405 and after 540 insertion/separation 

cycles respectively. 

Results: The data was analyzed evaluating the effect of the time on the retention in each study group by using 

One-Way ANOVA test which revealed an insignificant difference between different intervals. To compare the 

two study groups with each other Independent t test was used which revealed insignificant difference between 

them in all intervals. Frequency and percentages analysis of detached and non-detached metal housings in both 

groups was performed by using Chi square test which also revealed insignificant difference between both groups. 

Conclusion: Within the limitations of this study, the retention in both groups was nearly equivalent. Yet, by 

time, retention decreased in both study groups. This pickup technique may be a new application of digital 

dentistry reducing chair side corrections. 
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Introduction 

    Treatment of edentulous patients with 

implants has long been studied, from single 

implant overdentures to full arch fixed 

restorations (Gupta et al., 2019). Yet, in some 

situations, like limitations in the anatomical 

architecture, systemic condition of the patient 

or financial issues, increasing the number of 

implants may not be feasible. Limiting the 

restoration of the lower edentulous arch to two 

implants is still an acceptable treatment option 

as a standard of care (Lee and Saponaro, 

2019). 

Moreover, many attachment systems are 

present in the market to retain an implant 

retained overdenture. The choice of the 

attachment system depends on many factors 

like the jaw anatomy, antagonist arch status, 

available interarch space, amount of retention 

required, parallelism between implants and 
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finally cost. Among these attachments, the 

Locator system has recently gained popularity 

maybe due to its resiliency, self-aligning 

property, could be used in patients with limited 

interarch space, ease of placement and repair 

and can resolve/compensate problems for 

implant angulations up to 20 degrees 

(Alqutaibi et al., 2016; ELsyad, Elhaddad and 

Khirallah, 2018).   

Traditionally, a pickup material is used to 

pick or attach the attachment system's metal 

housing into the prosthesis's fitting surface. 

Many dental materials were introduced in the 

literature to perform the pickup step before 

overdenture insertion. The perfect choice of 

adhesive or relining material depends mainly 

on ease of application and providing maximum 

durability in the intraoral environment. The 

conventionally used materials are under the 

category of resins, relining materials or 

adhesives. Although auto-polymerized acrylic 

resin denture relining material is the most 

commonly used pickup material, yet it is 

advisable to be chosen as a temporary solution 

owing to its low mechanical properties, the 

fact that leaching of monomers is inevitable 

which may cause irritation and burning 

sensations to the underlying mucosa, 

decreased color stability and poor bonding of 

the relining material to the denture base 

material (Zafar, 2020). On the other hand, 

heat-cured acrylic resin pickup material has 

been evidence-based to provide better 

mechanical and physical properties, increased 

longevity, show lower cytotoxic effects and 

provide better security of the attachment metal 

housing to the fitting surface of the denture 

base than auto-polymerized or visible light-

cured acrylic resin (Dahl, Frangou-Polyzois 

and Polyzois, 2006; Nakhaei et al., 2020). 

However, prosthetic or mechanical 

complications of implant retained 

overdentures may occur, which may increase 

the number of repairs and remakes, waste of 

chair-side time and financial resources, or even 

affect the patient’s quality of life. One of the 

most common documented prosthetic 

complications associated with Locator 

attachment systems is the titanium housing 

debonding from the fitting surface of denture 

base resin over time. The process of reinserting 

the housing into the fitting surface of the 

denture may be costly and time-consuming 

and may affect the masticatory function and 

aesthetics of the patient until adequate clinical 

care is provided (ELsyad, Elhaddad and 

Khirallah, 2018; Irizarry, 2021; Sutariya et al., 

2021). 

Coping with the digital era, 

polymethylmethacrylate (PMMA) blocks 

were introduced, which have the same 

chemical chemistry of the heat-cured PMMA 

but are produced under pressure and are 

commercially pre-polymerized (Zafar, 2020). 

It was reported that complete dentures 

fabricated using computer-aided 

design/computer-aided manufacturing 

(CAD/CAM) technology provided simplified 

clinical and laboratory procedures, shortened 

the number of patient visits and established 

cost and time-effective protocols that would be 

favourable for edentulous patients (Goodacre 

et al., 2016; Lee and Saponaro, 2019). 

Studies comparing milled dentures to 

conventional heat-cured acrylic resin reported 

that (CAD/CAM) PMMA showed superior 

properties in terms of hardness, ultimate 

strength, yield point, toughness, flexural 

strength, flexural modulus, more color 

stability and less microporosity. Moreover, 

CAD/CAM milled dentures could also be 

superior to rapidly prototyped ones in terms of 

strength allowing for thinner base designs, less 

surface roughness and increased trueness of 

the intaglio surface. Higher patient and 

clinician satisfaction in terms of aesthetic, 

retention and stability has also been reported 

with CAD/CAM milled dentures (Kalberer et 

al., 2019; Baba et al., 2021; Snosi et al., 2021).   

So, the aim of this invitro study was to 

profiteer the advantages of digital technologies 

and mill overdentures to pick up the Locator 

metal housing without a retaining material and 

compare the retention force to conventional 

overdenture picked up using heat cure 

polymerized acrylic resin.  

The null hypothesis is that there is no 

difference between the retention force of metal 

housing picked up without retaining material 

in milled overdentures compared to that picked 

up using heat cure polymerized acrylic resin. 

 

 

 

Subjects and Methods 

This in-vitro study was conducted in the Faculty 

of Dentistry, Cairo University, Prosthodontic 

Department. The study was divided into two 

groups; each group consisted of (n)=5 flangeless 
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denture bases. The first group was the intervention 

group in which a Locator metal housing was picked 

up in the fitting surface of a denture base without 

retaining material depending on the modification 

done to the prosthesis digital design on the 

software. The second group was the control group 

-comparator- in which a Locator attachment metal 

housing was picked up conventionally by using 

heat-cured acrylic resin material. 

A reference model for odonatological practices 

was used for the assessment of both study groups. 

The osteotomies were drilled in the sites of the 

lower canines with the consideration of visual 

paralleling between both implants. The implant 

fixtures (NEOBIOTECH implant system, Korea) 

were screwed to the level with the model and the 

Locator attachments were inserted and screwed 

using the attachment driver. 

The extraoral laboratory scanner (IDENTICO 

company, Kosovo) was calibrated and the study 

reference model with the Locator attachments 

(NEOBIOTECH implant system, Korea) and metal 

housing on their top was transferred into a digital 

file in the form of an STL file.  

The geometric center was determined before 

designing the prosthetic part (Figure 1). ExoCAD 

dental designing software (VERSION 2.2 

VALLETTA, made in the United States) was used 

to design the prosthetic part. The job order was 

chosen to design copings on the Locator metal 

housings position (canines’ position). The design 

parameters were adjusted to be with intimate 

contact between abutment axial walls and the 

fitting surfaces of the coping (Figure 2). Surveying 

between the long axes of both metal housings and 

blocking out undesirable undercut was 

automatically performed by the software. On top of 

these copings, teeth with a flangeless base were 

waxed up in between copings and extended 

posteriorly to a line on the level of the geometric 

center. The last artificial teeth on both sides were 

connected by a bar and a rounded disc-shaped part 

was added to the bar on the midline; from which 

the pulling-out assessment would be done (Figure 

3). The final design was exported again as an STL 

file.  

This STL file was transferred to the CAM 

software and the prosthesis was imported to its 

proper position in the PMMA (YAMAHACHI 

DENTAL MFG company, Japan) and wax pucks 

(YAMAHACHI DENTAL MFG company, Japan) 

with sprues all around. Finally, the milling 

procedure was started according to the 

manufacturer’s instructions. This milling 

procedure was repeated to mill 5 copies from 

PMMA pucks for the intervention study group and 

other 5 copies from wax pucks for the control study 

group (Figure 4). After the milling machine has 

finished its work, all prostheses were finished to be 

seated and checked for fit over the study reference 

model.  

For the intervention group, the metal housings 

were seated in their positions with finger pressure. 

For the control group, the wax-milled copies of the 

prosthesis with the metal housing in their right 

positions were flasked in a conventional way by 

using heat-cured acrylic resin. After complete 

cooling and curing, the prostheses were extracted 

carefully from the surrounding dental stone and 

finished. 

Finally, both study groups’ samples were 

similar in design, final shape and color. The black 

processing caps were removed from all samples 

and replaced with blue ones (Figure 5). All samples 

were coded by alphabets randomly distributed 

between the intervention and control study group 

samples to be blinded to the outcome assessor 

(Figure 6). The key to this coding was known to the 

main investigator only. 

The outcome assessment was measured by 

using a universal testing machine (INSTRON 

company, United States). The study reference 

model was fixed on the lower compartment of the 

machine. Each sample was placed in its proper 

position retained on the model by the Locator 

attachment assembly and attached to the upper 

compartment of the machine by a steel wire (Figure 

7). Each sample was pulled out gradually till the 

detachment of the prosthesis from the study 

reference model occurred by one or both 

attachments (Figure 8). The first assessment was 

the baseline records for all samples for the two 

study groups. Then the assessment was repeated 

four times. Between each assessment, 135 cycles 

of manual removal and insertion were done -

resembling a month and a half of clinical usage- 

with a total of 540 cycles. All these records were 

tabulated for statistical analysis.  

 

 

Results 

Statistical analysis was performed with SPSS 

20, Graph Pad Prism and Microsoft Excel 2016. 
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The given quantitative data was extracted 

using the Shapiro-Wilk test and Kolmogorov-

Smirnov test for normality, indicating that data 

originated from a normal distribution (parametric 

data) resembling normal Bell curve in both 

groups. 

Comparison between both groups regarding 

the effect of retention by time was performed by 

using the Independent t test which revealed 

insignificant differences between both groups 

(Figure 9) (Table 1). 

Regarding the evaluation of the denture bases 

detachment, the intervention group showed that 20% 

of the denture bases (Table 2) which equals 10% of 

the metal housings were detached. While in the 

control group no detachment occurred. Comparison 

between both groups was performed by using Chi 

square test which revealed that insignificant 

difference between both study groups. 

The intervention group samples showed that 

they can withstand 492 cycles while the control 

group, samples showed that they can withstand 550 

cycles. 

Figure 1: “Geometric center calculation steps”: the heavy red line is the first line; the blue line is the 

second line and the orange line is the third line. 

 

Figure 2: “Designing software setting”: zero gap distance between the Locator metal housing and the 

fitting surface of the prosthesis.
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Figure 3: “Designing software setting” rounded disc-shaped part for outcome assessment 

preparation.

 

Figure 4: "Milling procedure”: A sample in puck after milling completion. 

 

   

(a)                                                       (b) 

Figure 5: "Processing cap replacement”: (a) Removal of the laboratory processing retention cap and 

(b) Seating of the blue clinical retention cap. 
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Figure 6: “Study samples”: All study samples after coding and exchanging the retention caps to be 

ready for outcome assessment. 

 

   

(a)                                               (b) 

Figure 7: " Sample- assessment machine fixation": Sample fixation within the testing machine, (a) 

Long shot for the setting of the assessment and (b) Close shot for the model fixation index and the sample 

hanging by a wire. 
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Figure 8: "Study sample assessment": Sample was pulled out during testing until a detachment of the 

base from the Locator abutment occurred. 

 

Figure 9: "Comparison between the two study groups regards the effect of the time on the retention": 

bar chart showing the mean of both study groups at all intervals. 
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Table (1): Mean and standard deviation of both study groups at all intervals and comparison between 

them to evaluate the effect of the material: 

Interval 

Group I 

(Intervention) 

Group II 

(Control) 

Difference 

MD SEM 95%CI P value 

Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

  
L U 

 

T0 6.74 N 0.80 N 7.58 N 2.97 N 0.84 1.3 -2.3 4.02 0.55 

T1 6.33 N 1.64 N 7.44 N 1.73 N 1.11 1.06 -1.3 3.5 0.32 

T2 5.18 N 1.46 N 6.36 N 1.50 N 0.18 0.93 -0.97 3.33 0.24 

T3 4.63 N 0.72 N 5.80 N 1.61 N 0.17 0.78 -0.64 2.98 0.17 

T4 4.60 N 1.17 N 5.28 N 1.17 N 0.68 0.74 -1.02 2.36 0.38 

 

Table (2): Frequency and percentage of denture base detachment in both study groups:

 

 

  

 

 

Detached Non detached 
P value 

N % N % 

Group I 

(Intervention) 
1 20 4 80 0.07 

Group II 

(Control) 
0 0 5 100 ------ 

P value 0.31 0.31  
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Discussion 

The idea behind this study is to evaluate the 

retention resulting from the friction between the 

intaglio surface of the denture base and the 

external surface of the Locator metal housings.  

The prosthesis was also designed with a 

special configuration; not to touch the model 

for the research purpose to eliminate other 

confounding factors that might affect the 

outcome assessed. 

The outcome assessment was achieved by 

using the universal testing machine with a 500 

N load cell at a crosshead speed of 50 mm/min 

which represents to the estimated speed of 

denture removal during chewing until complete 

separation (abdelaziz et al., 2021; Mostafa, 

Mohammed and Thabet, 2021). The removal 

assessment cycles were performed in a vertical 

direction to prevent sample distortion. 

In each interval between the assessment 

times, each sample was subjected to 135 cycles 

of the removal and insertion of the prosthesis 

which simulate a month and half of the patient 

usage; considering average three removals per 

day (Reda, El-Torky and El-Gendy, 2016). 

Since each sample was assessed five times with 

four intervals in between, the total cycles that 

were done for each sample were 540 cycles. 

These 540 cycles resemble six months of the 

patient usage. It was chosen to end the outcome 

assessment after usage period simulation of six 

months as after the 500 cycles the retention 

quality of the nylon caps specially in the 

presence of inclined implants was found to 

differ from the first 500 cycles (Sultana, Bartlett 

and Suleiman, 2017).  

According to the statistical results, both 

study groups reported retention decrease, this is 

most probably due to wear of the nylon caps 

surface during insertion/separation cycles. This 

finding is in context with previous studies 

which reported that the Locator attachment 

showed a decrease in its retentive potential 

gradually after a period of usage (Shastry et al., 

2016; Guédat et al., 2018). 

It was observed according to the results of 

the present study that the Locator metal housing 

detachment from the denture base was one of 

the attachment’s clinical complications which 

is in accordance to a recently published 

systematic review (Sutariya et al., 2021). 

Hence, from this observation, researchers 

attempted to find new strategies to overcome 

this type of complication. One of these 

attempts, which was published, was to expose 

the Locator metal housing to sandblasting 

before conventional direct pickup (Sipahi and 

Ezmek, 2020).   

The intervention strategy of pickup resulted 

in the detachment of only one of the Locator 

metal housings from one sample of the 

intervention group. The detachment occurred in 

10% of the total study Locator metal housings 

and 20% of the total study denture bases which 

was considered an insignificant percentage of 

mechanical complication. This may be 

explained due to the fine manual finishing 

during the seating step to eliminate the 

interference friction that arose from slight 

excess denture material intruding the space of 

the Locator metal housing entry.   

Another probability of Locator metal 

housing detachment may be due to the weaker 

interfacial bond in the metal-resin contact area 

than the retention forces between the nylon cap 

and the attachment abutment in this sample. 

Although all nylon caps used in the study are 

ready-made with the same retention quality and 

manufacturer source and material, this can 

never eliminate the factor of manufacturing 

error tolerance like other implant components 

reference (Ma, Nicholls and Rubenstein, 1997). 

From the same point, milling machine error 

tolerance may be considered a factor that 

resulted in designed cavity in the fitting surface 

of the denture in a sample may be slightly larger 

in diameter than other samples (Budak, 2006). 

Another explanation for attachment 

maintenance, and in correspondence to a 

previous study, is that the polymer surface 

(denture base) friction against a metallic 

counterface (the Locator metal housing) which 
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makes the polymer tend to deposit wear debris. 

These wear debris on the counterface result in 

an intermediate film that adheres on the 

counterface through molecular interactions, 

thus decreasing the interfacial gap (e.g., van der 

Waals force attraction, chemisorption) (Sun et 

al., 2022). 

Within the limitations of this study, it could 

be concluded that: 

1. The retention in both study groups was 

nearly equivalent. 

2. By time, the retention decreased in both 

study groups. 

3. The pickup strategy without retaining 

material can reduce additional clinical and 

laboratory steps and may create a new 

application of digital dentistry. 
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