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INTRODUCTION 

The main complaints of patients with severely 
resorbed mandibles are lack of sufficient stability 
and retention of their Mandibular dentures. This 
may attribute to negative functional ability such 
as esthetics, speech, biting and chewing ability.(1-3) 
The Implant supported Overdenture was introduced 
as a recent treatment option that are available to 

edentulous patients in order to improve the denture 
retention and stability which directly progress the 
positive patients reports outcomes in satisfaction, 
masticatory function and quality of life after 
receiving implant retained prostheses .(4-6)

According to the McGill consensus statement on 
over dentures, a two ‑implant Overdenture should 
become the standard of care of the edentulous 
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ABSTRACT

Objective: This study compared and evaluated the effect of two different implant retained 
Mandibular Overdenture attachments on the biting force and occlusal force distribution. 

Materials and Methods: Fourteen completely edentulous male patients were selected and two 
implants were inserted for each patient. After 3 months of installation Patients were randomly 
divided into two equal groups: Group (I): Patients received conventional complete maxillary den-
tures opposed by Mandibular over dentures supported and retained by two conventional implants 
using ball attachment Group (II): Patients received conventional complete maxillary dentures op-
posed by Mandibular over dentures supported and retained by two conventional implants using 
locator attachment. Biting force was evaluated using I load star sensor. At time of prosthesis inser-
tion, 3 months, 6 months, 9 months and 12 months. The T-Scan III digital occlusal system was used 
to record anterior and posterior percentage occlusal force (%OF) distribution. 

Results: The result was revealed that there was no statistically significant difference in biting 
force and occlusal force distribution between the two different attachments (locator attachment and 
ball attachment) in retained Mandibular Overdenture. 
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mandible (7). The improvement of the oral function 
of implant‑ retained Mandibular over dentures may 
depend on the degree of retention and stability of 
the denture and thus on the type of attachment. An 
attachment is defined as ‘a mechanical device for the 
fixation, retention, and stabilization of prosthesis. 
The attachment of implant‑ retained Overdenture 
is selected according to the amount of retention 
needed, available inter arch space, the amount of 
available bone, patient’s social status, patient’s 
expectations, the status of the antagonistic jaw and 
cost effectiveness (8).

Ball attachments are considered the simplest 
type and wide spread acting as snap fasteners for 
use with over dentures supported by endosteal 
implants in various implant systems. They are 
resilient attachments and widely available with 
several advantages; they showed a reasonable 
success rate as simplest retainers for Mandibular 
over dentures.(9)They are less cost, less technique 
sensitive, minimal chair time requirements and 
easier to clean than bars. Also, the potential for 
mucosal hyperplasia was reduced with solitary ball 
attachments. unfortunately, Ball attachments suffer 
some disadvantages in comparison with other types 
of attachments such as higher profile design also 
ball attachments may lead to higher concentration 
of stress patterns at the neck of the ball transferring 
a greater amount of stresses to the implant and the 
underlying bone, Thus reducing retention of the 
prosthesis due to wear of the rubber O-ring so need 
for regular servicing of over dentures .(10-12)

The locator attachment system has become 
widely applied. Characterized by extremely 
low profile design, It was found that low profile 
design of locator was beneficial and related to the 
reduction of load transfer to the implant. This can be 
explained by reducing the lever arm length resulting 
in a better mechanical advantage.(13-15 )Easy seating 
in the oral cavity by the patient, self-aligning 
feature allow the ability to fit non-parallel implants 
up to 40° C divergence have been advocated as a 

suitable alternative to the classical widely used ball 
attachment. Other studies have reported that the 
highest retentive force and maintained that force 
up to 30˚ tilting more in locator attachment system 
when compared to ball system. The rounded edges, 
“self-aligning feature”, decreases the wear of nylon 
male leading to better durability of the attachment. 
The double retentive surface area is called “Dual 
retention” (internal and external features of the 
abutment) ensuring long-lasting retention life. (16,17)

The T-Scan System is a dental device used to 
analyze the relative occlusal load that is recorded 
by a pressure mapping sensor intraorally. The 
system unit include computer software, recording 
sensor and handle assembly. This system allow 
computerizing and analysis of the dynamic occlusion 
by registering parameters such as bite length, force 
of tooth contact and timing of tooth contact also, the 
system is able to record the dynamic visual occlusal 
forces from the initial tooth contact to the maximum 
intercuspation. (18-21)

Biting force is considered as an important 
parameter to evaluate the efficiency of the dental 
prosthesis and it also reflect an idea about the 
temporomandibular disorders and neuromuscular 
changes. It was reported that the masticatory bite 
forces with the patients using complete denture is 
smaller than those produced by natural dentition 
which is about 200N, while the maximum bite force 
have been reported for complete dentures are 60-
80N and about 150-170 N for the implant supported 
Overdenture. (22,23)

MATERIALS AND METHODS

Patient Selection: 

Fourteen completely edentulous male patients 
age ranged (55-60 year) were selected from those 
attending the out-patient clinic of Removable 
Prosthodontics Department, Faculty of Dentistry-
Ain Shams University to participate in the study. 
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Criteria for Patient Selection: 

·	 Male patients had completely edentulous maxil-
lary and Mandibular arches.

·	 Patients age ranges from 55 to 60 years old.

·	 Patients with good oral hygiene were selected to 
participate in the study. 

·	 Patients with Angle Class-I Maxillo-Mandibu-
lar relationship and sufficient inter-arch spaces 
were selected. 

·	 Residual alveolar ridges were covered with firm 
healthy mucosa, free from any signs of inflam-
mation, ulceration or flabbiness. 

·	 Patients with systemic diseases that might affect 
bone quality, contribute to bone Resorption, in-
crease surgical risk, delay or complicate post-
operative healing were excluded

·	 Patients with any muscular or TMJ disorders 
and patients with parafunctional habits were  
excluded.

Diagnostic Panoramic radiographs were made 
for all patients to evaluate the presence or absence 
of remaining roots, impactions or any other patho-
logical lesions that might complicate placement of 
dental implants inter-foraminally, locate the posi-
tion of mental foramina, level of inferior alveolar 
canal and detection of anterior looping of mental 
nerve.

Patients received complete denture constructed 
by conventional technique and follow up was done 
for two weeks before surgery.

Dentures were duplicated and four radio-opaque 
landmarks using Gutta Percha inserted in the holes 
that was drilled at both premolar areas and both lat-
eral areas in the duplicate denture. Holes contain-
ing Gutta Percha was sealed with pink wax. After 

CBCT examination, window-like openings in the 
areas of the proposed implant sites were done to aid 
in determining proper drilling site.

Patients received conventional complete maxil-
lary dentures opposed by Mandibular over dentures 
supported and retained by two conventional im-
plants* of 4mm diameter and 10 mm length were 
placed in the interforaminal region by the of sur-
gical guide and a classical sequential drilling was 
done after flap reflection. 

Patients were recalled after 3 months of osseoin-
tegration for the prosthetic phase and Patients were 
randomly divided into two equal groups:

Group (I): Patients received Mandibular over 
dentures supported and retained by ball attachments.

Group (II): Patients received Mandibular 
over dentures supported and retained by locator 
attachments.

The cover screw was removed and the ball at-
tachment was screwed into the fixture for group 1 
patients and locator attachments for group 2 patients 
and firmly tightened with torque wrench at 30 Ncm.

Prior to the pick-up of the metal housings, in 
both groups, block-out shim was adapted to each 
abutment to block out the undercut areas inferior to 
the ball abutments (sub-housing area), 

Direct pick up procedure by relieving areas of 
the fitting surface of the denture over the implant 
sites and were filled with self-cure acrylic resin. The 
denture was seated, and the patient was instructed to 
bite gently on it during the setting of the acrylic res-
in. After the resin sets the denture was removed and 
the metal housing inside the denture was examined. 
Mis-seating of the housing was expected so proper 
seating of the housings was ensured. Engaging the 
acrylic resin to the ball attachment undercut was 
prevented by blocking with pink wax. Figure (1)

* Multisystem implant Italy
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Selective grinding step was performed intraoral-
ly with ordinary articulating paper method in order 
to create bilateral balance occlusion besides check-
ing the center of force (COF) and trajectory line by 
the T-scan III *

Occlusal force distribution measurement:

Occlusal force distribution was done using 
the T-Scan III device which consists of a sensor 
registering occlusal contacts, a data transferring 
module linked to a computer, a software program 
to send data to the computer and visualize them on 
the monitor.

The recording procedure is performed 
inconformity with the manufacturer’s instructions 
of using the device to register occlusal contacts. The 
patient is seated on the dental chair with the lower 
and upper parts of his body positioned at an angle of 
90º. We used a small 100-micron-thickHD sensor, 
which is inserted in the sensor handle connected to 
the scanning handlebar.

The recording sensor is inserted intraorally 
between the dental arches so that the central mark 
is positioned between the central incisors of the 
patient.

The results showing the occlusal forces (in 
percentages) from first tooth contact through to 
complete centric intercuspation. The force changes 
in occlusal contacts are presented in graphical 

form for each segment during registration of the 
occlusion.

Occlusion analysis:

The measurements were obtained from the 
occlusal data: force distribution in the dental 
arch, number of teeth that occlude at maximum 
intercuspation, location of the center of force in 
the arch to determine the symmetry of the force 
distribution in the arch.

In order to analyze the T-Scan patterns, the 
occlusal force information of the arch at maximum 
intercuspation was grouped into three regions: 
anterior (canine to canine), posterior right and 
posterior left (premolar to molars). The force 
distribution in all three regions was assessed in all 
participants. Figure (2) 

Biting force measurement:

The Load star sensor** in Newton was used to 
measure the biting force, it was placed horizontally 
at the central point of the edentulous ridge on the 
occlusal surface of the denture teeth and the patient 
was instructed to clench maximally. The position of 
the measurement was identical for all dentures by 
placing the sensor on the first molar area. The biting 
force was recorded for each side and the highest 
5measurements were included in the statistics. 
Figure (3) 

* T scan III (Tesco, South Boston, USA).
** I load digit USB sensor, Loadstar sensor, Mountain View ,CA 

Fig. (1) A, stud attachment , B. locator attachment , C: metal housing for locator attachment.
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The measurements was done at time of prosthesis 
insertion, 3 months, 6 months, 9 months and 12 
months after denture insertion.

Statistical analysis

Statistical analysis performed with SPSS 20®*, 

Graph Pad Prism®** and Microsoft Excel 2016*** 

with significant level set at P ≤ 0.05. Data was 

presented as means and standard deviation (SD).

RESULTS 

For evaluation of effect of biting forces for each 
group during twelve months follow up period, one 
way analysis of variance (ANOVA) followed by 
Tukey`s post hoc test for multiple comparisons 
which revealed there was insignificant difference 
for each group and between different follow up 
periods within each group as P-value > 0.05, as 
listed in table (1).

Using independent t test for comparison between 
both groups regarding biting forces, although the 
biting force for Group I (Mandibular Overdenture 
retained by locator attachment ) was shown high 
biting force reading when compared with Group 
II(Mandibular Overdenture retained by ball 
attachment ) but there was insignificant difference 
between both groups at different follow up periods 
as (P value > 0.05), as listed in table (1)

Occlusal force analysis by using T-scan

Data was presented Percentage (%).T-scan 
analysis of group I revealed 8.5 %,11.2 %, 35 % & 
50 % for right anterior, left anterior, right posterior 

 Statistical Package for Social Science, IBM, USA.
 Graph Pad Technologies, USA.
 Microsoft Co-operation, USA.

Fig. (2): Occlusal load distribution measurement by T scan III system

Fig. (3) Biting force measurement with load star sensor 
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& left posterior segments respectively, while in 
group II revealed 17 %, 18 %, 28 % &37 % for right 
anterior, left anterior, right posterior & left posterior 
segments respectively as presented in table (2)

Chi square test was performed to compare 
between two groups and revealed that group I was 

higher than group II regarding posterior segment 

with insignificant difference as p > 0.05. On the other 

hand, group I was lower in occlusal load than group 

II regarding anterior segment with insignificant 

difference as p > 0.05.

TABLE (1): Comparison between biting force in group I and group II during twelve months follow up 
period:

Follow up
Group I
M ± SD

Group II
M ± SD

P-value

At insertion 135.72 ± 41.491a 107.17 ± 33.885a 0.105

3 months 135.83 ± 37.281a 107.21 ± 32.917a 0.084

6 months 135.95 ± 43.741a 107.29 ± 35.561a 0.1253

9 months 136.12 ± 45.936a 107.31 ± 31.239a 0.1184

12 months 136.29 ± 42.843a 107.38 ± 30.986a 0.1009

P-value 1.00 1.00

M; Mean, SD; Standard Deviation, P; Probability Level, 

TABLE (2): Occlusal load analysis by using t-scan in both groups:

Anterior teeth Posterior teeth 

Rt. Lt. Rt. Lt.

Group I 8.5 % 11.2% 35 % 50 %

Group II 17% 18 % 28 % 37 %

P value 0.578 0.674 0.742 0.567

Anti: anterior.Post: posterior.

Rt.: Right side.Lt.: Left side.

%: Percentage.
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DISCUSSION 

In this study a male patients with upper conven-
tional complete denture with opposing Mandibular 
implant retained Overdenture were selected with 
their age ranged from 55-60 years this close age 
range in order to eliminate age effect on the biting 
force .and male patients were selected also to pre-
vent the sexual variation specially in the power of 
biting force and muscle activity as some research-
ers reported that the lower values of bite force in 
women compared to men .(24)

All patients participating in this study exhibited 
Angle’s class I ridge relationship to avoid subject-
ing the implants to abnormal forces. (25)

Patients with history of abnormal or para-func-
tional habits as clenching and bruxism were exclud-
ed to avoid excessive load and undue concentrated 
forces on the implants. (26)

It has been reported that one of the main causes 
of osseointegration failure is lack of proper oral hy-
giene. Therefore, Patients with poor oral hygiene 
were excluded to avoid the risk of peri-implant mu-
cositis and peri-implantitis.

The T-Scan can indicate premature contact and 
the force distribution on teeth, and provides mea-
surable force and time information that ensures 
proper occlusal adjustment. In implant dentistry, the 
discovery of premature contacts allows early inter-
vention to prevent future problems. As the biocom-
patible implants without periodontal ligament so it 
has not shock absorption criteria and cannot adapt 
according to the need of occlusal forces .So antici-
pated occlusal and biting forces need to be taken 
under consideration for any implant supported over 
denture in order to decrease the probability of fail-
ure either for the implant itself or for the attachment 
or even for the superstructure prosthesis.(27,28)

It was proven that during denture insertion, we 
can conduct the procedure of occlusal adjustment ac-
curately using articulating paper with the aid of the 
T-scan III as the accuracy and ability to get repeat-

able reading act as useful occlusal mapping device 
to record the exactly pattern of occlusion and allow 
more favorable occlusal load distribution. So our 
study was able to confirm the great benefits of the T-
scan III and its manual usage. When the software and 
the sensor were used in a right way, registering oc-
clusal contacts showed high accurate display of the 
contact points on the teeth measuring the force and 
the time on occlusion. (29-32)Furthermore, the static 
coordinated occlusal contact of maximum number 
of teeth during maximum intercuspation leading to a 
simultaneous and equally distributed marginal bone 
loss around the implants preventing uneven forces 
and uneven bone loss in certain areas. It also aided 
in increasing the bone density and its stability around 
the implants preventing uneven forces and bone Re-
sorption reaction in certain areas. (33,34)

Bite force is an important variable to investigate 
proper oral function which is related to occlusal 
factor, dentition, dentures, and treatment with 
implants, orthognathic surgery, temporomandibular 
disorders and neuromuscular changes. (35)

Regarding to the results of load distribution 
of this study revealed that the Overdenture with 
balanced occlusion, such as posterior balance 
force direct the force to the target area, and most 
of teeth contributing to occlusion. A significantly 
higher occlusal force percentage was found in the 
posterior region than the anterior region, which is in 
agreement with previous studies.

Moreover there was a slight difference in the 
bilateral force distributions which indicate the 
slight asymmetry, even in patients with normal 
occlusion may be attribute to the habitual occlusion. 
Also group I was lower in occlusal load than group 
II regarding anterior segment with insignificant 
difference as p > 0.05. That may attribute to the 
stability and retention in Overdenture retained by 
locator attachment superior than those retained by 
ball and socket due to the dual retention action of 
the locators attachments. (33-35)
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The Biting force and the number of functional 
teeth are directly related to the masticatory function 
as the measuring maximum bite force is attributed 
to the force quantity that elevator muscles can 
performed .The results of this study revealed that the 
maximum biting force was recorded in both groups 
while in group I treated by Mandibular over denture 
retained by locator attachment recorded more than 
those treated with Mandibular over denture retained 
by ball attachment (group II) However, this increase 
was not statistically significant that may be attribute 
to the nature of the locator attachment with parallel 
walls and flat occlusal top that may be increase 
retention and make limitation of the movement 
which may decrease the resilience of the attachment 
especially when compared with the ball attachment 
which considered the resilient attachment allow 
the universal rotation . Also the double retentive 
surface area “Dual retention” ensuring long-lasting 
retention life and allow increase biting and muscle 
force .(36-38)

CONCLUSION 

Within the limitations of this study and regarding 
the sample size and study periods, it was concluded 
that the Mandibular implant Overdenture with the 
locator attachment might be selected over Ball & 
Socket attachment when designing a two implant 
retained Mandibular over dentures since it is more 
superior from the biting force point of view .
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