
Submit Date : 09-06-2023      •      Accept Date : 17-08-2023      •      Available online: 15-10-2023     •      DOI : 10.21608/EDJ.2023.216514.2588

Print ISSN 0070-9484   •   Online ISSN 2090-2360

Fixed Prosthodontics and Dental Materials

EGYPTIAN
DENTAL JOURNAL

Vol. 69, 2837:2846, October, 2023

www.eda-egypt.org

Article is licensed under a Creative Commons Attribution 4.0 International License

* Associate Professor of Prosthodontics Cairo University 

COMPARING THE RETENTION OF THE BALL ATTACHMENT 
RETAINED MINI-IMPLANT MANDIBULAR OVER DENTURE  

USING DIFFERENT RETENTIVE MECHANISMS.  
A RANDOMIZED CLINICAL TRIAL

Mai Adel Helmy *   and Noha Ali Gmaleldin* 

ABSTRACT

Objectives: The purpose of this study was to compare the retention of different three retention 
mechanisms (metal housing with nylon cap, PEEK and retention sil) in ball attachment retained 
mini-implant mandibular over denture.

Methodology: A total of fifteen completely edentulous male patients were selected from 
outpatient clinic of the prosthodontics department. the patients were then randomly divided into 
three groups as five patients per group. Group I: overdentures retained by conventional metal 
housing and nylon caps, Group II: overdentures retained by silicone housing retention sil, Group 
III: overdentures retained by PEEK housing. All patients were scheduled for retention evaluation in 
a regular follow up visits at time of insertion, 3 months and 6months.

Results:  The results  revealed there was a statistical significance increase in retention values 
in Group III : overdentures retained  with PEEK  housing when compared to Group I and  Group 
II and the least retention values were recorded in Group II: overdentures retained with silicone 
housing retention sil at throughout the whole follow up period, While the comparison between 
different intervals revealed insignificant difference in all groups as P>0.05 (retention insignificantly 
decreased in all groups) at all intervals.

Conclusion:  Retention sil silicon housing is no longer reliable technique for retaining implant 
mandibular overdentures. While the PEEK housing provided the highest retention values when 
compare with the metal housing and silicon housing in ball attachment retained mini-implant 
mandibular over denture.
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INTRODUCTION 

Although conventional dentures are an opportu-
nity for reestablishing aesthetics and physiological 
functions but  lack of retention , stability and mas-
ticatory  efficiency that may contributed to the re-
sidual ridge resorption (1-3).All those problems may 
compromise the complete denture as line of treat-
ment for completely edentulous patients and make 
most of those patients un satisfied with their final 
prosthesis , especially in mandibular dentures due to 
discomfort and limited stability of the prosthesis. (4-6)

Several studies have evaluated the patient 
satisfaction with implant-retained mandibular 
overdentures and compared to their satisfaction 
levels with conventional complete dentures. Thus, 
there were finding advanced satisfaction scores 
related to the implant-retained overdentures higher 
than conventional complete denture by 36%. (7-9)

Number, length and diameter of the implants 
were detected by the quantity and quality of the 
available jaw bones. (10)   Overdentures were  retained 
by conventional implants showed  better  long-term 
results but also there was  some restrictions such 
as: reduced buccolingual dimensions that increase 
the difficultly of  insertion of the implant without 
the need for bone-grafting procedures .Also , the 
existence of chronic systemic diseases that might 
stop  the progressive surgeries as bone grafts 
and lateralization of the inferior alveolar nerve 
moreover the financial limitation may affect the 
whole prosthetic treatment plan   . (11,12)

Mini-implants were introduced and became ex-
tensively used for a single and multiple replacement 
for tooth fixed, orthodontic anchorage, bridge repair 
and removable prosthesis retention. (13,14) Also, the 
development of the dental implantology science cre-
ates scientific advances in the mini-implant design 
that contains improvement of the implant thread 
patterns, shape and its surface treatments, which 
have significantly improved the implant primary 
stability and lead to quicker osseointegration. (15,16) 

they became a significant solution for several dif-
ferent conditions and minimized the invasive surgi-

cal procedure. Also became less complex, time sav-
ing when compared to conventional implants with 
wide diameter and naturally have a rapider healing  
period. (17,18)

Moreover, the flapless approach enhances a 
minimal surgical trauma as the post operative pain 
and swelling related to the soft tissue this will 
improve the post operative healing and primary 
stability (19,20) 

Mini-implants serve as a retentive aid for over-
denture with a high rate of success and satisfactory 
prosthetic result that enhance their use in edentulous 
arches. Also, provide a less time-consuming, excel-
lent aesthetic with a minimal invasive technique to 
rehabilitate the oral cavity. (21,22)

Additionally, the soft liner was recommended by 
many researches to incorporate with   implant-re-
tained over dentures as they proved that these liners 
showed high wear resistance so it may preserve the 
attachment retentive force, also, the silicone resil-
ient denture liner materials used to allow easy in-
sertion and removal of prosthesis especially in new 
denture wearer. (23,24)

Since PEEK provide advanced mechanical 
properties when compared to Nylon, this study 
aimed to replace the Nylon cap of the ball 
attachments in mini-implant retained over denture 
by the PEEK and retention sil and detect the loss of 
retention over time in order to improve the long life 
of the retention when exposed to repetitive cycles of 
insertion and removal. (25)

METHODOLOGY 

A total of Fifteen completely edentulous male 
patients were recruited for this study from the 
department outpatient clinic, Cairo university, 
with an age ranged around 50-60 years. The 
inclusion criteria were as follows; All patients 
with completely edentulous mandibles opposed 
by maxillary full set natural dentition with normal 
skeletal maxillary -mandibular relationship (Angle 
class I), Patients should be free from any medical 
conditions that might affect the implant insertion 
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and/or osseointegration. In additional, the exclusion 
criteria were as follows: Smokers, uncontrolled 
diabetic patient and patients with endocrinal 
disorders affecting bone quantity and quality.

The bone quality and quantity were evaluated 
before starting the implants installation and the 
implant treatment plan was performed using the 
CBCT 

Sample size calculation:

Sample size was calculated depending on a 
previous study (26) as reference. According to this 
study, the minimally accepted sample size was 5 per 
group, when mean ± standard deviation of group 
I was (6.24 ± 0.6), mean ± standard deviation of 
group I was (2.47 ± 0.45), when the power was 80 
% & type I error probability was 0.05. Total sample 
size increase to 5 to compensate 20 % drop out.  
G. Power version 3.1.9.7 was used in sample size 
calculation.

The fifteen patients were randomly categorized 
into three groups:

 Group I: overdentures retained by conventional 
metal housing and nylon caps

Group II: overdentures retained by silicone 
housing retention sil. 

Group III: overdentures retained by PEEK 
housing.

For all patients the maxillary arches were 
occlusally adjusted in order to eliminate any super 
eruption or mal posed tooth that might interfere 
with occlusion and stability of the mandibular 
overdenture.

Then, all patients were scheduled to receive an 
adequate conventional mandibular complete denture 
that was constructed and evaluated regarding 
the retention, stability and adequate occlusal 
relationship pre-surgically. Then, all finished 
lower dentures were duplicated for the patients and 
surgical templates were constructed and the holes 
were drilled at the chosen implant sites. 

According to precise surgical and prosthetic 
considerations implants sites planning were 
performed as the implant placement anterior to the 
mental foramen by minimum of 5 mm, and also, 
minimum of 5 mm was left between the implants to 
allow enough space for the housings.

Surgical protocol:

The surgical template was settled over the 
mandibular ridge and tissue marking probe was 
inserted through these holes. 

Flapless preparation technique for implant 
insertion was completed by using the surgical 
template in order to guide the drilling depth through 
the soft tissue and the bone.  The depth equal to two 
third of the implant length using a profile drill with 
one-step single perforation with 1.3mm in diameter. 
Then, the implants were inserted perpendicular to 
the ridge bone and at the midway bucco-lingual 
until attainment the optimum depth.  

Finally, the four implants were installed 
parallel to each other and ensure to be placed inter-
foraminally. Subsequently, Primary stability of each 
implant was measured using a torque wrench to 
establish the primary stability was beyond 30N/cm.

The mandibular denture was accurately seated 
over the implants and relieved to permit full seating 
on the implants without any contact between the 
balls and the denture. Then, the follow up sessions 
were scheduled every two weeks for possible 
complains and adjustment.

Fig. (1) A total four mini-implant placed inter-foraminally
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Post-operative instructions 

Patients were instructed for oral hygiene 
measures in order to control the dental plaque and 
avoid the tissue inflammation using a twice per day 
mouth wash.

Chair-side Pick-up Using the Existing Denture 
for Both Groups 

For all groups, A direct pick-up technique 
(chair-side) was performed. Areas corresponding 
to the ball abutments were noticeable and relieved 
to accommodate the housings without interfering 
between the denture and the housings. 

For Group I: overdentures pickup with conven-
tional metal housing and nylon caps

A small vent was created at the lingual flange to 
permit the excess pick up material to escape. Then, 
small rubber dam pieces were applied beneath the 
ball attachment to block out the undercuts. Then, 
the black processing cap was oriented over the ball 
attachment then metal housing was placed directly 
over it , small amount of permanent self-curing 
acrylic resin was added at the recesses opposed to 
the ball attachment.

Finally, the mandibular denture was seated inside 
patient mouth and the patient was instructed to bite 
gently in centric position until the material had set 
completely. After which  the denture was removed 
the occlusion and fitting surface of the denture 
were assessed and finished by using the pressure 
indicating paste to remove and trim any excess of 
the self-cure acrylic resin. 

For Group II: overdentures pickup with silicone 
housing retention sil 

 Minimum relief of the fitting surface of the 
denture was done to create a minimum wall 
thickness of 1mm of the silicone material around 
ball attachment. Then, suitable thick coat of multi 
sil primer (Bredent medical GmbH &Co. KG, 

Germany) was applied to the prepared site and 
allowed to dry for 3 minutes before application 
of the thin coat of retention Sil 600 in the fitting 
surface of the denture. The setting time of silicone 
housing material is almost 20 min. Then, patients 
were informed to close gently in the centric 
occluding relation until complete polymerization of 
the material was done.

For Group III: overdentures retained with PEEK 
housing.

The implant ball attachments were scanned using 
a laboratory dental scanner (Lab scanner; 3shape). 
Then, the design was carried out on dental software 
(Dental System 2016; 3Shape) and the PEEK 
retentive elements and housings were performed to 
be adapted to ball attachment. 

After the PEEK retentive housing were designed 
the standard tessellation language (STL) file was 
performed and transferred to the CAM software 
(Zenotec CAM; Wieland Dental). The PEEK discs 
(DD peek MED: Dental Direkt GmbH) were milled 
using 5 axis milling machine (Zenotec Select 
Hybrid; Wieland Dental). Then, pick up of the 
PEEK housings was carried out conventionally.

Evaluation of denture retention 

Retention was measured by digital force meter. 
Which is able to measure both pulling positive 
values up to 20 kg.  It consists of universal sensing 
head to which a hook was attached. 

Geometric center of the lower denture was 
relatively predicted and two wrought wires were 
prepared, first one was bent at the center of the arch 
and extended by 2 cm above the occlusal plane 
between the retromolar pad grooves of both sides. 
The second wrought wire, was also adjusted to 
extend from the groove at the lingual flange above 
the occlusal plane by 2 cm and the other end was 
molded to form a c shaped loop around the first 
wire, both wires were 1 mm in diameter. (Figure 3)
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Then, lower denture was checked inside the 
patient’s mouth to evaluate the tongue freedom, 
denture stability and loop position. And patients 
were seated in upright position in order to adjust the 
floor of the mouth parallel to the floor with adequate 
head support. 

The wire hook at the lower denture was hanged to 
the force meter device through a bar and engaged to 
the rigid loop. Then, the displacing force was applied 
to the denture until the denture was dislodged from its 
setting position and retentive force was measured form 
the initial separation of the overdenture. Wires were 
repositioned to measure the retention by detecting 
fixed tripod points in the lingual surface of the denture 
at each follow up session (at time of insertion, after 

three and six months after implant loading).

The procedure was repeated five times and the 
mean value of these readings were tabulated and 
analyzed. 

After the lower denture was removed from the 
patient’s mouth. The wires were removed and the 
grooves were filled with self-cured acrylic resin.  

Statistical analysis

All data were presented as mean &standard 
deviation. Data were presented (Table 1) & (Figure 
4). Statistical analysis was performed with SPSS 
16® (Statistical Package for Scientific Studies), 
Graph pad prism & windows excel.

Fig. (2) A. Overdentures pickup with conventional metal housing and nylon caps. B. Overdentures pickup with PEEK housing/

Fig. (3)  The digital force meter for retention measurement  
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Exploration of the given data was achieved using 
Shapiro-Wilk test and Kolmogorov-Smirnov test 
for normality which revealed that the significant 
level (P-value) was insignificant at P-value >0.05 
which indicated that all data originated from 
normal distribution (parametric data) resembling 
normal Bell curve. Accordingly, comparison 
between different intervals was performed by using 
Repetitive One-Way ANOVA test followed by 
Tukey’s Post Hoc test for multiple comparisons, 
while comparison between different groups was 
performed by using One Way ANOVA test followed 
by Tukey’s Post Hoc test for multiple comparisons.

A. Effect of different materials 

Comparison between different groups 
revealed significant difference between them at 
all intervals as P<0.05 as: 

•	 At insertion: PEEK group (40.2±6.5) was 
significantly the highest, then metal (29.36±5.1), 
while silicon was significantly the lowest 
(11.23±3.3).

•	 After 3 months: PEEK group (38.4 ± 5.4) was 
significantly the highest, then metal (27.02±4.8), 
while silicon was significantly the lowest 
(10.45±3).

•	 After 6 months: PEEK group (36.9 ± 5.2) was 
significantly the highest, then metal (25.98 ± 
4.1), while silicon was significantly the lowest 
(8.89 ± 2.8). Figure (4)

B. Effect of time (Lower case letters):

Comparison between different intervals revealed 
insignificant difference in all groups as P>0.05 
(retention insignificantly decreased in all groups) as 
all intervals have letter (a).

TABLE (1) Mean and standard deviation of retention in all groups at different intervals:

 
 

Metal Peek Silicon P value
(One Way ANOVA)M SD M SD M SD

At insertion 29.36 Aa 5.1 40.2 Ba 6.5 11.23 Ca 3.3 <0.0001*

After 3 months 27.02 Aa 4.8 38.4 Ba 5.4 10.45 Ca 3 <0.0001*

After 6 months 25.98 Aa 4.1 36.9 Ba 5.2 8.89 Ca 2.8 <0.0001*

P value
(Repetitive One Way ANOVA)

0.45 0.61 0.41

M: mean    SD: standard deviation          *Significant difference as P<0.05.
Means with the same superscript letter (uppercase per raw/lower case per column) were insignificantly different as P>0.05.
Means with different superscript letter (uppercase per raw/lower case per column) were significantly different as P<0.05.

Fig. (4) Bar chart showing mean of retention in all groups at 
different intervals.
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DISCUSSION

Deficiency of retention and stability in conven-
tional denture wear is the main problem facing the 
edentulous patients especially with compromised 
alveolar ridge. For this cause the osseointegrated 
implants below the denture that improve this com-
mon problem specifically in mandibular ridge. So, 
using implant-retained overdenture was considered 
as an efficient treatment option. (27) 

Numerous factors such as bone quality, qual-
ity of the patient and patient’s approval for surgery 
can affect the implant surgical technique to be used. 
Although conventional implant improved retention 
and stability but it needs a sufficient bone width and 
they not recommended to be place in thin wiry al-
veolar ridge unless ridge management was done. (28)

Regarding the methodology of this study, 
the flapless approach not only provides superior 
advantage for the patient as it diminishes the 
trauma during the surgery and post operative 
complications but also provide gap free connection 
with best mucosal barrier that is free from bacterial 
accumulation that may attribute to protect the 
soft tissue and allow creation of a tissue collar 
overlapping the bone implant interface. (17,18)

On the other hand, many studies reported that 
the flap reflection and suturing in conventional 
procedure may increase probing depth and increase 
soft tissue post operative complications that may 
affect the retention and stability of the prosthesis 
and lowering the overall patient satisfaction with 
the final prosthesis. (6,11,29,30) 

Moreover, the small rubber dam pieces were 
applied beneath the ball attachment to block out 
the undercuts that might prevent the removal of the 
denture during the direct pick up and also, to protect 
the soft tissue from the residual monomer. (20,21)

Also, many investigations reported that the 
retentive values of the attachments were decreased 

significantly after multiple pulls of the overdenture 
that may lead to increase wear of the attachment 
components and tearing of the nylon caps that 
may attribute to decrease the degree of retention 
and that required regular follow up and continuous 
maintenance for the retentive components of the 
attachment. (29-32)

On the other hand, the retentive qualities of 
the attachments should be relatively constant over 
a planned period of time due to most of the in-
vitro study apply centric load only and ignore the 
eccentric load. (33-36)

Moreover, the silicon bases housing (Retention 
sil) was lately presented in prosthetic field and 
available in a pink color that improve esthetic with 
different degree of retention to accommodate the 
numerous patient’s demands and improve denture 
retention. (37,38)   

Additionally, the main advantages of the silicon 
housing are the easily insertion and removal of the 
denture by old geriatric patients, allow minimal 
stress transfer to implants and not required for 
removing an excessive space from the fitting 
surface of the denture that may attribute to increase 
the availability of denture fracture. (39)

The results of this study regarding the effect 
of the materials had shown that Group III: 
overdentures retained with PEEK housing was 
significantly the highest retention values followed 
by Group I: overdentures pickup with conventional 
metal housing and nylon caps while Group II: 
overdentures pickup with silicone housing retention 
sil was significantly the lowest retention values at 
all the intervals throughout the follow up period 
,These results were in agreement with many studies 
which reported that the least amount of retention in 
a retention sil group that may attribute to reduced 
66% loss of the retention due to incorporate of 
chemical solvent, saliva and air bubbles within the 
silicone housing by time. (40-42)
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On the other hand, the result of this study was 
revealed that the highest retention values were 
recorded in PEEK housing group that may attribute 
to flexibility of the PEEK when compared to the 
nylon caps as the retention of the overdenture 
attachment depended primarily on the flexibility of 
the attachment system, although loss of retention of 
the PEEK housing as compared with nylon caps and 
retention sil groups is higher .this can be logically 
attribute to increase the friction and hence the wear 
of the caps over time. (24, 43)

While the result of this study regarding the effect 
of time was revealed insignificant difference in all 
groups (retention insignificantly decreased in all 
groups) after the whole period of the study which 
may recommend extending the follow up period.
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