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ABSTRACT

Purpose:  was  to  evaluate  the  effect  of  using  two  different  types  of overden-
ture attachment systems (ball and socket and magnet attachments) in single implant 
retained  mandibular  overdentures  by  measuring  electromyographic  activity  and 
masticatory efficiency of  the  patient’s  masseter  and  temporalis  muscles.  Materials  
and methods: Ten completely edentulous patients with ages ranged from 55-65 years. 
Each patient  received  overdentures  retained  by  midline implant  with  two  different  
types  of attachments; ball and socket attachment (group A) and magnet attachment 
(group B).  The masticatory efficiency and the electromyographic activity of the mas-
seter and temporalis muscles were evaluated after one month and three months from 
attachment connection for both groups. Results: The results of this study showed that 
there were significant decrease in the measurement of masticatory efficiency and elec-
tromyographic activity of the masseter and temporalis muscles after one month from 
using ball and socket attachments. While, there were insignificant differences in the 
measurements of masticatory efficiency and electromyographic activity of the masseter 
and temporalis muscles after three months from delivery for both ball and socket and 
magnet attachments. Conclusion: The masticatory efficiency and electromyographic 
activity were more improved after using ball and socket attachments compared to mag-
net attachments.

INTRODUCTION

Retention and stability of complete dentures are important factors 
in successful restorations of edentulous patients. Improved denture 
retention and stability facilitate the restorations of oral functions 
such as mastication and speech and increase patient comfort and self-
confidence. Dental implants have enjoyed great success in edentulous 
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patients in recent years and significantly improved 
patient satisfaction and prosthetic outcomes of 
complete dentures(1,2).

Over the years there has been a strong 
consensus in dentistry that at least two implants 
are required to retain a complete denture in the 
edentulous mandible(3).Indeed, two implants in the 
interforaminal area have high implant success rates 
and improve masticatory function(4). The  use  of  a  
minimal  number  of  implants  that  is  adequate  
for  prosthodontic support and retention is also of 
economic benefit to the patient(5).Single implant-
retained overdenture did not differ from two implant-
retained overdentures in patients satisfaction, 
but had  the  distinct  of advantages  of  lower 
cost,  short  treatment  time  and  minimal  tissue 
trauma(6). Midline implant-retained mandibular 
overdenture can be an alternative treatment for 
the oral rehabilitation of fully edentulous patients, 
providing greater simplicity and similar retentive 
strength as compared to two-implant overdentures, 
improving the user’s quality of life (7).

Implant retained mandibular overdentures can 
be restored with different types of attachments, 
including bar clip retainers, ball-cap attachments 
and magnetic attachments. Ball-cap attachments 
use a spring mechanism to absorb the load forces, 
which allows even distributions of axial tension and 
tolerate slight rotation of the denture. This type of 
attachment design has the advantage of minimizing 
lateral load on the implant fixture that facilitates 
bone health(8) . Ball attachment is considered the 
simplest type of attachment for clinical application 
with tooth or implant supported over- dentures. 
These attachments don’t need a great inter arch 
space and provide great retention and stability(9).

Magnetic attachment is another design considered 
useful in single implant-retained dentures because 
it allows even better load distribution on implant 
fixture. Magnetic attachment could significantly 
improve the stability and retention of single implant-

retained overdentures(10). It  can maintain a constant 
initial attractive force during maintenance period, 
it is small in size, easy to install into prostheses 
and the patient has no difficulty in inserting and 
removing the denture(11).

Significant improvements  in masticatory ef-
ficiency can be expected after insertion of a mag-
netic attachment. As the magnetic attachment does 
not require a straight insertion path, it has a greater 
tolerance to implant direction and position. It is also 
easier to maintain and clean than other attachment 
types(12).

Masticatory efficiency is the most important 
indicator for the function of mastication and  reflects  
the  functional  potential  of  the  dental  system  
that  includes  the  denture. Masticatory efficiency 
assessment is essential for a comprehensive 
evaluation of treatment outcomes involving implant-
retained overdentures. Electromyography is a useful 
tool to evaluate the behavior of masticatory muscles. 
It has been used to evaluate muscle alterations 
after oral rehabilitation with complete denture 
prosthesis and dental implants(13,14). Several clinical 
studies have established the patient satisfaction 
and prosthetic outcomes of two implant-retained 
overdentures.

The aim of this study was to evaluate the effect of 
using two different types of overdenture attachment 
systems (ball and socket and magnet attachments) 
in single implant retained  mandibular  overdentures  
by  measuring  electromyographic  activity  and 
masticatory efficiency of the patient’s masseter and 
temporalis muscles.

MATERIAL AND METHODS

Ten completely edentulous patients were 
selected. Patients ages ranged from 55-65 years.  
All patients were free from any systemic diseases 
as confirmed by history taking and physical and 
laboratory examination. Patients with systemic 
diseases were excluded because they may interfere 
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with bone quality, normal healing mechanism, 
osseointegration of the implants, proper bone 
response to applied forces and electromyographic 
muscle activity. Patients’ residual ridges were 
covered with firm mucosa free from any signs of 
inflammation, ulceration, or flappyness tissue. Six 
months at least were elapsed from the last extracted 
tooth before implant placement  because bone 
resorption takes place rapidly in the first months 
after extraction then progress slowly.

All patients accepted this dental treatment and 
informed about the steps of this study and signed a 
written consent with the Research Ethics Committee 
(REC) approval of the faculty of dental medicine 
for girls, AL-Azhar University was also obtained.

Cone Beam Computed Tomography (CBCT) 
was made for each patient. CBCT accurately 
determines the height and the width of bone and the 
proximity of the proposed implant placement site to 
adjacent vital structures. All patients received upper 
and lower heat cured acrylic resin dentures. The 
surgical procedure of dental implant placement was 
made by two-stage technique to minimize the risk of 
infection, since the peri-implant tissue is allowed to 
heal separate from the oral microbial environment.

All patients received screw shaped, self-tapping, 
root form implant, where the threads of the implant 
allow self-tapping, provide primary fixation of the 
implant to the bone during the initial healing period 
as well as increasing the area of contact between 

the implant and the surrounding bone. The implant 
is placed in the symphyseal region where favorable 
bone quality and quantity is usually found.

After three months the patient was recalled for 
implant evaluation; periapical film was taken for 
inspection of implant osseointegration. The patients 
were divided into two groups;

Group I: Five patients received ball and socket 
attachments then received magnet attachments.

Group II: Another five patients received 
magnet attachments then received ball and socket 
attachments.

A  healing  abutment  was  placed  and  remained  
for  seven  days  to  allow  gingival  tissue healing. 
After seven days the healing abutment was removed 
and the ball and socket attachment connected to 
the implant fixture (Fig 1). Masticatory efficiency 
and electromyographic activity of masseter and 
temporalis muscles were evaluated after one month 
and three months from complete denture delivery. 
Patients were considered to be as a (Group A).

After testing procedure evaluation the ball and 
socket abutments and were removed and Magnet 
abutments were inserted to the implants(Fig 2). 
Masticatory efficiency and electromyographic 
activity of masseter and temporalis muscles were 
evaluated after one month and three months from 
complete denture delivery. These recrdings were 
considered to be as a (Group B).

Fig. (1): Ball attachment. Fig. (2) Magnet attachment.
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Masticatory efficiency test

The masticatory efficiency was evaluated after 
one month and after three months from ball and 
socket and magnet attachments connection while 
patients were chewing standardized pieces of :

One cm cube of banana and carrot and one grain 
of peanuts. These foods represent soft food, hard 
fibrous food and hard crushable food, respectively. 
These food items have less variability. The specific 
characteristics of each food item can influence the 
use of one food item versus another and also affect 
masticatory capacity.

Five measurements were recorded during 
chewing food specimens as follow:

a)  The number of chewing strokes up to the first 
swallow.

b) The number of chewing strokes untill mouth free 
of food. 

c)  The number of swallowing untill mouth free of 
food.

d) The time (in seconds) elapsed until the first 
swallow.

e)  The time (in seconds) elapsed until the mouth 
was free of food.

Patient was observed and asked about preferred 
and non-preferred side. Three pieces of each 
test food were chewed by the patient, and the 
mean of the three recordings were considered 
the masticatory efficiency mean for that patient. 
Masticatory efficiency was selected as the primary 
variable for sample size determination because of 
its possible effects on ingestion, dietary intake and 
social behavior.

The masseter and temporalis muscle were chosen 
for representing the masticatory muscle activity, 

since they are the largest and strongest muscle which 
play a major role in mandibular movement and 
accessible during recording with surface electrodes.

Electromyographic (EMG) recordings

The EMG recordings were made after one 
month and after three months for ball and socket 
and magnet attachments. EMG recordings were 
made by computer electromyography based data 
acquisition system and were expressed as root mean 
square (RMS).

Recording the electromyographic activity of the 
masseter and temporalis muscles during chewing 
carrots, banana and at maximum clinching were 
made as mentioned before

RESULTS

All  patients  sharing  in  this  study  were  well  
motivated  to  complete  the  follow-up schedule. 
There were two study groups; Group A for ball and 
socket attachment, Group B for Magnet attachment.

The masticatory efficiency and the electromyo-
graphic activity of the masseter and temporalis 
muscles were evaluated after one month and three 
months from attachment connection for both groups.

The results of this study showed that there 
were significant decrease in the measurement of 
masticatory efficiency and electromyographic 
activity of the masseter and temporalis muscles after 
one month from using ball and socket attachments. 
While, there were insignificant  differences  in  the  
measurements  of  masticatory  efficiency  and 
electromyographic activity of the masseter and 
temporalis muscles after three months from delivery 
for both ball and socket and magnet attachments.  
Statistical analysis was tabulated in tables (1-3).
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Table (1): Masticatory efficiency for both groups during chewing (banana, peanut and carrot) after one 
month.

A B C D E
GA GB GA GB GA GB GA GB GA GB

Banana
Mean 15.6 19.2 15.6 19 1 1 13.43 17.34 13.43 17.34

SD 2.1 2.8 2.13 2.83 0 0 3.71 3.01 3.71 3.81
P * * NS NS NS

Peanut
Mean 24.4 27.6 34.8 36.4 2 2.2 20.86 24.88 28.7 32.83

SD 2.7 3.1 1.64 1.2 0 0.45 2.02 4.43 1.1 3.68
P * * NS * *

Carrot
Mean 26 29.2 42.4 47.2 2.6 3.2 21.29 25.74 37.45 44.2

SD 24 2.8 4.28 2.77 0.55 0.45 1.75 5.35 3.93 5.81
P * * NS * *

SD: Standard deviation	NS: Non significant.		  *:   Significant.
• GA: Group (A) ball and socket attachment.		  • GB: Group (B) magnet attachment.
• A-The number of chewing strokes up to the first swallow.	 • B- The number of chewing strokes untill mouth free of food.
• C- The number of swallowing untill mouth free of food.	 • D-The time (in second) elapsed until the first swallow.
• E-The time (in second) elapsed until the mouth was free of food.

Table (2): Masticatory efficiency for both groups during  chewing  (banana, peanut  and carrot) after 
three months.

A B C D E
GA GB GA GB GA GB GA GB GA GB

Banana
Mean 14 14.8 14 14.8 1 1 11.98 12.74 11.98 12.64

SD 3.7 4 3.67 3.96 0 0 3.56 3.93 3.56 3.93
P * NS NS * NS

Peanut
Mean 21.8 22 28.8 29 1 1.2 22.49 22.93 24.18 25.27

SD 3.7 4.1 3.11 8.6 0 0.4 3.9 3.32 2.9 5.85
P NS NS NS NS NS

Carrot
Mean 29.4 30.6 35.6 36.4 2.4 2.2 23.07 23.88 32.04 33.13

SD 3 8.2 5.46 4.83 0.55 0.45 1.14 6.09 3.63 6.38
P NS NS NS * NS

SD: Standard deviation 	 NS: Non significant.	 *: Significant.
• GA: Group (A) ball and socket attachment.		  • GB: Group (B) magnet attachment.
• A-The number of chewing strokes up to the first swallow. • B- The number of chewing strokes untill mouth free of food.
• C- The number of swallowing untill mouth free of food.	 • D-The time (in second) elapsed until the first swallow.
• E-The time (in second) elapsed until the mouth was free of food.
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DISCUSSION

This study was done to evaluate the effect of 
using ball and socket and magnet attachments  in  
midline  implant  retained  mandibular  overdenture  
on  the  masticatory efficiency and muscle activity.

The  results  of  this  study  showed  that  there  
was  significant  decrease  in  the measurement of 
masticatory efficiency after one month from using 
ball and socket attachments during chewing of 
the three test foods compared to that of magnet 
attachment. The patients performed a less number 
of chewing strokes both until first swallow and 
until mouth empty of food, also decrease in the 
time elapsed until first swallow and  until mouth 
empty of food. This indicates improvement in the 
masticatory function after one month from delivery 
in dentures retained by ball and socket attachment 
(group I) than magnet attachment (group II) this 
could be attributed to the fact that the retention 
obtained by ball and socket attachments  might  be  
considered  as  a treatment  of  choice for patients  
who  need  more retention and stability of complete 
dentures compared to the vertical attraction of the 

magnet attachments with poor lateral retention and 
stability (9).

However, after three months of denture delivery 
this study showed no significant difference in the 
number of swallow until mouth empty of food was 
evident in the first group during chewing of the 
three test foods. This may indicates that the number 
of swallows until mouth empty is less sensitive in 
distinguishing the masticatory efficiency than the 
number of strokes. The significant difference in 
masticatory efficiency measurement between the 
two studied groups, ball and socket and magnet 
attachments groups may be due to the improvement 
of oral function depends on the degree of retention 
and stability of the denture and thus on the type of 
attachment(15).

On the other hand, there were insignificant 
differences in the measurements of masticatory 
efficiency after three months from delivery for 
both ball and socket and magnet attachments or 
between the two studied groups. This findings could 
be explained on the basis of the neuromuscular 
adaptation to new denture was proved to be 

Table (3) Comparison of EMG of Masseter and Temporalis muscle in both groups.

Soft Hard Maximum clenching

1 M 3 M 1 M 3 M 1 M 3 M

Masseter

Ball and
socket

Mean 231.92 231.8 261.2 320.5 377.51 325.73

SD 45.87 37.42 83.55 39.37 97.63 91.11

Magnet

Mean 286.03 247.4 440.66 348.46 561.72 338.74

SD 48.57 82.07 139.72 111.46 150.7 97.63

P 0.039* 0.87ns 0.0076* 0.75ns 0.0116* 0.891ns

Temporalis

Ball and
socket

Mean 145.9 158 188.17 181.81 246.87 229.6

SD 33.17 14.41 16.17 35.29 27.21 24.08

Magnet

Mean 190.57 166.29 258.76 199.39 313.77 213.72

SD 44.57 51.8 35.47 54.33 39.36 54.57

P 0.04* 0.669ns 0.0002* 0.85ns 0.0014* 0.463ns

SD: Standard deviation	NS: Non significant.	 *: Significant.
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achieved after three months wearing period, so the 
patients had the same numbers of chewing strokes, 
numbers of swallows and needed the same time for 
swallowing, therefore no change was found after 
three months between two groups(16).

These findings were in agreement with the 
results of many previous studies that reported that 
the treatment with implants and attachments was 
provided of neuromuscular adaptation towards 
values of healthy dentate. Regardless of the type 
of prosthesis, patients usually function with 
their prosthesis much better after three months 
and they become experienced in dealing with it 
functionally(16).

The results of this study showed that there were 
significant differences in the mean muscle activity 
between the two studied groups, ball and socket 
and magnet groups, after one month dentures use. 
This may be due to the RMS is the effective value 
of an electrical signal which is equal to the total 
power of the signal. This power is dissipated in two 
forms, mechanical energy in the form of action done 
(chewing) and electrical energy. The improvement 
in the denture retention  by attachments was 
compensated in the mechanical part  of  the  energy  
as  demonstrated  by  better  masticatory  function.  
The  treatment  with implant overdenture retained by 
ball and socket attachment improved the functional 
state of the masticatory apparatus and aided in 
establishment of better neuromuscular coordination 
by improving retention, support, and stability of 
the prosthesis, and, consequently, less effort had to 
be exerted by the muscles to control the prosthesis 
during function(17).

On the other hand, there were insignificant 
differences in the mean values of muscle activity 
after three months between the two studied groups 
of dentures use. This could be attributed  to  the  fact  
that  neuromuscular  adaptation  to  new  denture  was  
proved  to  be achieved after three months wearing 
period, so the effort exert by the masticatory muscle 

had been reduced gradually recording lesser values 
of EMG at three months from prosthesis insertion(18).

CONCLUSION

Within the limitation of this study, it could be 
concluded that:

-	 The masticatory efficiency and electromyo-
graphic activity were improved after using both 
ball and socket attachments and magnet attach-
ments. However, complete overdentures re-
tained with ball and socket attachment showed 
higher masticatory performance compared to 
those retained by magnet attachment.

-	 A single midline implant retained mandibular 
overdenture con be considered as a suitable and 
cost-effective treatment option for completely 
edentulous patients and enhance the masticatory 
efficiency.
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