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Abstract

Purpose: To evaluate the effect of implants number for retaining mandibular 
overdenture with low profile (OT Equator) attachment regarding retention 
force and peri−implant tissue health.

Materials and Methods: In this self−controlled study, eighteen completely 
edentulous patients were selected. All patients received three implants in the 
mandibular midline and canine regions. Patient grouping was performed as 
follows, Group Ι: Where only the two terminal implants were used for retaining 
the overdenture with OT Equator attachment for all patients. Group ΙΙ: Six 
months later, the middle implants were also loaded to share in overdenture 
retention with OT Equator attachment. Peri−implant soft tissue health and 
retention evaluation was carried out immediately after implants loading (T0), 
3 months (T1), and 6 months (T2) later for both groups.

Results: There was statistically significant increase in retention in group 
ІІ compared to group І at T1 (P=0.012), T2 (P=0.008), and T3 (P=0.006). 
Regarding peri−implant tissue health there was no significant difference in 
results between the two groups for all measured parameters.

Conclusion: Although both two−implants and three−implants retained 
mandibular overdenture with OT Equator attachments gave the same peri−
implant clinical outcome, the three−implant retained mandibular overdenture 
provided higher retention forces. For both groups retention gradually 
decreased through the follow−up period due to wear occurring in OT Equator 
nylon inserts.
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Abbreviations: MGI: modified gingival index, MPI: modified 
plaque index, PD: probing depth, CBCT: cone beam computed 
tomography

Introduction
For more than a century conventional complete denture had been 

the standard treatment option for edentulous patients. Although these 
patients are usually satisfied with the upper denture but majority of 
them often suffer from displacement of the mandibular denture.1, 2

Unlike the conventional complete denture, recent studies 
concluded that implant supported overdentures have excellent clinical 
results for maladaptive denture patients with promising long−term 
evidence supporting their effectiveness. Also, implant prosthesis has 
high patient satisfaction and increased success rates.3,4

Variable attachment systems can be utilized in order to enhance 
overdenture retention and stability such as bar, ball, magnetic 
attachment, telescopic attachments and low profile attachments as 
locator and equator. Attachment type selection generally depends on 
the experience and preference of practitioners in addition to many 
other factors.5 

In order to overcome restorative space insufficiency, the low 
profile attachment OT Equator has been developed which enables the 

technician to utilize more space for an enhanced esthetic denture set−
up and also for more prosthesis integrity.6,7 

There is limited evidence for the benefit of using two versus 
three−implants retained overdenture with OT Equator attachments 
for rehabilitation of the completely edentulous mandibular ridges. 
Therefore, the purpose of this study was to compare peri−implant 
tissue health and retention force of two versus three−implants with 
OT Equator attachments for retaining mandibular overdenture.

Material and Methods
Patients selection

Eighteen complete edentate patients were selected from the 
outpatient clinic of Prosthodontics Department with regard to the 
following selection criteria: all patients have adequate bone width 
and thickness for dental implant and bone density of type D3 at least 
verified by Cone Beam Computed Tomography (CBCT), one year at 
least after last extraction, covered with even thickness, firm healthy 
mucosa, normal maxillomandibular relation, adequate restorative 
space verified by putty index method. Patients with history of 
parafunctional habits, smoking, alcohol administration, systematic 
disorders affecting bone were excluded from this study.

Approval of this study protocol was done by the Faculty Ethical 
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Committee. All patients signed written consents after informing them 
about the detailed line of treatment and the needed follow−up visits. 

Surgical procedures

For all the patients conventional complete dentures were fabricated. 
After one month of denture wearing to allow denture settlement. 
Mucosa supported stereolithographic surgical guide was fabricated 
aided by CBCT planning software (Figure 1A). 

Under local anesthesia three implants (13mm length and 3.7mm 
diameter) (Dentium SuperLine, Dentium Co. Ltd., Korea) were 
inserted in the mandibular interforaminal region; one implant in 
the midline, and the two lateral implants at equal distance from 
the central implant in the canine region using the flapless surgical 
approach (Figure 1B). The mandibular denture was relieved over the 
implant sites and the implants were left submerged for three months 
according to the standardized two−stage protocol to allow for implant 
osseointegration.

Figure 1A: Planning of ideal implant position and angulation.

Figure 1B: Three implants were placed in the canine and midline region.

Patient grouping

Group Ι: Where only the two terminal implants were used for 
retaining the overdenture with OT Equator attachment for all the 
patients is as follows:

* Small crestal incisions were made at canine regions bilaterally 
and the two lateral implants were exposed and cover screws were 
removed from the internal hex of implants and healing abutments 
were placed instead. 

* After two weeks, healing abutments were removed and the OT 
Equator abutments (Rhein83 Srl, Bologna, Italy) were attached 
to the implants intra−orally using the square screw driver for OT 
Equator attachment. Direct functional pick up of OT Equator 
metal cap to the denture fitting surface was accomplished by self−
cure acrylic resin (Figure 2A). Pink nylon insert was placed into 
each Equator abutment using Equator insertion tool. 

* Measurement of retention force and evaluation of peri−
implant tissue health was done for the two implants retained 
mandibular overdenture with Equator attachment at T0 (at time 
of overdenture insertion), T1 (three months) and T2 (six months) 
after overdenture use.

Group ΙΙ: Six months later, the middle implants were also loaded to 
share in overdenture retention with OT Equator attachment through 
the following steps:

* Within the same patient and after six months of denture loading, 
the midline implant was exposed and healing abutment was 
screwed to the internal hex of implant and left in place for 2 weeks. 

* OT Equator abutment was attached to midline implant instead 
of healing abutment. Pink nylon insert was placed into the 
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abutment using Equator insertion tool and direct functional pick 
up technique was done. (Figure 2B).

* Peri−implant soft tissue parameters including modified gingival 

index, modified plaque index and probing depth were measured 
using calibrated plastic periodontal probe at T0, T1 and T2 
(Figure 3A).

Figure 2A: Pick up of overdenture with two equators.

Figure 2B: Pick up of overdenture with three equators.

Modified Gingival Index (MGI)

Modified Gingival Index was scored 0 to 3 according to the 
following criteria: 

• Score 0: Normal peri−implant mucosa (no redness, no swelling, 
and no bleeding).

• Score 1: Mild inflammation (slight change in color and slight 
oedema).

• Score 2: Moderate inflammation (redness, oedema, and glazing).

• Score 3: Severe inflammation (marked redness, oedema, and 
ulceration).

Modified Plaque Index (MPI)

Peri−implant plaque was assessed using a pressure sensitive plastic 
periodontal probe by Modified Plaque Index scores 0 to 3 as follows: 

• Score 0: No plaque detected.

• Score 1: Plaque recognized only by running a probe across a 
smooth marginal surface of the implant abutment.

• Score 2: Plaque can be seen by naked eye.

• Score 3: Abundance of soft matter.
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Figure 3A: Evaluation of peri-implant tissue health.

Probing Depth (PD)

Probing Depth was measured by using a pressure sensitive plastic 
periodontal probe.

Retention measurement was done using digital Forcemeter and 
0.9 diameter wrought wire that was attached to a metal hook fixed 
bilaterally to the overdenture polished surface between second 
premolars and first molars (Figure 3B).

Statistical Analysis

Statistical Analysis was made using SPSS software package 
version 20. Quantitative data were described using range (minimum 
and maximum), mean, standard deviation, and median. Significance 
of the obtained results was judged at the 5% level.

Figure 3B: Evaluation of retention using digital forcemeter.

Results
Peri−implant soft tissue health

Table 1 shows the statistic analysis of modified gingival index, 
modified plaque index, and probing depth between T0, T1, and T2 for 
group I and group II. 

 ► Results show insignificant increase in modified gingival index in 
group I and group II with advance of time at T0, T1, and T2.

 ► Results show insignificant increase in the modified plaque index 
in both group I and group II in T2 compared to T1.

 ► The mean peri−implant probing depth in the present study showed 
insignificant increase between group І and group ІІ at (T0), (T1), 
(T2). 

Retention

 ► Group ІІ showed significant increase in retention in comparison 
to group І at significance level p ≤ 0.05 as represented in Table 2.

 ► There was significant difference between group ІІ and group І at 
T0 where p=0.012, T1 where p=0.008 and T2 where p=0.006. 

Discussion
Peri−implant tissue health evaluation is very important for the 

detection of early signs of peri−implant diseases. Experimental and 
human studies have proved evidence that formation and development 
of a microbial biofilm is an important etiologic factor in the 
pathogenesis of peri−implantitis and subsequent marginal bone loss.11 

The results of the present study demonstrate minimal peri−implant 
soft tissue changes over the 6−month follow−up. No statistically 
significant difference was found for any of the studied clinical 
parameters (modified plaque index, modified gingival index and peri−
implant probing depth) over the evaluation period. These findings are 
in agreement with other studies12−15 and may be attributed to the strict 
oral hygiene regime to which the patients were subjected provided 
healthy peri−implant tissues. 

Additionally, this result may be due to tissue punch surgical 
technique followed in this study. This surgical technique resulted in 
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decreased bleeding, decreased tissue healing time and decreased peri−
implant tissue changes following implant insertion .These advantages 
were in agreement with Kinsel and Liss16 who recommended 
tissue−punch protocol for the following advantages: maintenance or 

enhancement of the soft tissue contours, reduction of alveolar bone 
resorption, avoid disruption of blood flow, reduced surgical trauma, 
and post−operative pain.

Table 1: Showing modified gingival index, modified plaque index, and probing depth at T0, T1, and T2 in group І and group ІІ. 

Modified Gingival Index

Time   Group I 
        (n = 6)

Group II 
(n = 6) U P

T0

Min–Max 0.0–1.0 0.0–1.0

12.00 0.309Mean±SD 0.33±0.52 0.56±0.40

Median 0.0 0.50

T1

Min–Max 0.0–1.0 0.0–1.0

15.50 0.666Mean±SD 0.58±0.49 0.72±0.39

Median 0.75 0.84

T2

Min–Max 0.0–1.0 0.0–1.33

      13.00 0.391Mean±SD 0.67±0.41 0.83±0.46

Median
0.75

1.0

Modified Plaque Index

T1

     Min–Max

     Mean±SD

     Median

      0.0–1.0

      0.67±0.52

      1.0

0.67–1.0

0.89±0.17

1.0

      16.00
        0.702

T2

          Min–Max

          Mean±SD

          Median

      1.0–2.0

      1.17±0.41

      1.0

0.67–1.0

0.95±0.13

1.0
       12.50

   

        0.176

Probing Depth

T0

         Min–Max

         Mean±SD

         Median

      0.50–1.0

      0.70±0.17

      0.68

0.50–1.04

0.74±0.18

0.72

   0.397       0.700
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Modified Gingival Index

Time   Group I 
        (n = 6)

Group II 
(n = 6) U P

T1

        Min–Max

        Mean±SD

       Median

      0.50–1.13

      0.77±0.22

      0.78

 0.59–1.08

0.80±0.16

 0.77

  0.226     0.826

T2

Min–Max

Mean±SD

Median

      0.50–1.19

      0.81±0.23

      0.80

 0.67–1.21

0.88±0.18

 0.87

   0.577      0.576

Table 2: Comparison of retention force between the two studied groups.

Retention Group I Group II T P

T0 (at time of overdenture insertion)

Min–Max 9.0–15.50 13.0–22.50

3.057* 0.012*Mean±SD 12.25±2.27 17.22±3.27

Median 12.0 16.65

T1 (three months after insertion)

Min–Max 8.20–14.60 12.80–22.0

3.327* 0.008*Mean±SD 11.63±2.24 16.92±3.18

Median 11.35 16.50

T2 (six months after insertion)

Min–Max 7.80–14.20 12.20–21.80

3.481* 0.006*Mean±SD 10.97±2.32 16.65±3.26

Median 10.50 16.20

Table Continued

Statistical analysis of changes in mean values of modified gingival 
index showed insignificant difference between different follow−up 
periods. All evaluated patients showed stable and healthy peri−implant 
tissue in both groups. The level of inflammation was extremely low 
that only grade−I was detected in some cases. These healthy gingival 
conditions might be due to proper oral hygiene and also due to the 
small profile and smooth configuration of the Equator attachment.

Regarding the modified plaque index, it was slightly increased 
along the different time points in group I (over denture retained by 

two equators); this may be due to the resiliency of the OT Equator 
attachment which allows denture movements and accumulation of 
food particles, and plaque under the denture. No statistical difference 
was identified. This can be attributed to strict plaque control 
measurements.

Group І showed more plaque accumulation in comparison to group 
ІІ but the difference was insignificant. This may be due to increased 
rotational movement of overdenture retained by two equators only. 
The use of midline anterior implant would act as indirect retainer 
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that prevent overdenture rotation as detected by Ben−Ur et al.17 and 
confirmed by Emami et al.18 

On the issue of periodontal probing depth, a progressive increase 
in probing depth may be an alarming sign for peri−implantitis 
occurrence. Therefore, the measurement of probing depth at the time 
of prosthesis insertion is critically important to allow comparison with 
future PD measurements.11 

A statistically insignificant difference was found between group I 
& II regarding peri−implant probing depth at different study period 
intervals. The results revealed that the probing depths were less than 
1.5mm during the entire period of this study. These findings were 
in agreement with studies of Salvi et al.11 and Neiva et al.19 that 
have concluded that successful implants allow probe penetration of 
approximately 3mm probing depths. 

A minor non−significant increase in probing depth was noticed 
with advance of time in both groups that could be explained by 
increased peri−implant vertical bone loss and peri−implant gingival 
enlargement.20,21 

Regarding retention results, the retention values showed significant 
decrease due to wear of resilient overdenture attachments. According 
to Rutkunas et al.22 retention loss with equator attachment was mainly 
due to wear and permanent dimensional changes of the nylon inserts. 
This finding was in agreement with Abi Nader.23 

According to Passia et al.24 and Ludwig et al.25 resilient attachments 
exhibit wear under functional loading or after many cycles of insertion 
and removal which may be due to friction between male and female 
components. Similar findings were reported by Choi et al.26

Satti et al.27 also reported that the OT Equator system shows 
relatively more constant behavior of retention reduction and the 
OT Equator didn’t show the trend of increasing retention in the first 
cycles that was noticed in the Locator samples. The change in OT 
Equator clear nylon inserts was minor and limited to the peripheral 
edges of the outer ring adjacent to the metal housing. These findings 
are compatible with the result of Alsabeeha et al.28 and most in vitro 
studies.28,29 

The rate of retention loss in overdenture attachments was higher 
in attachment types which comprised plastic parts within their 
components rather than those totally made up according to Reda et 
al.30 

Evtimovska et al.31 explained that the reduction of the retentive 
capacity of the attachments attributed to the strain energy that 
absorbed during insertion and removal that may be divided into elastic 
(recoverable) and plastic (permanent) components. If permanent 
deformation occurs a rapid loss of retention will be observed.

Consequently, attachment wear causes loss of retention in 
dentures retained with attachment which is a major clinical problem 
that required periodic follow up of implant−assisted overdentures 
according to Chaffee and Felton.32 

Regarding the effect of increasing implant number on retention 
group ІІ showed significant increase in retention in comparison to 
group−І and both groups showed retention values higher than 5N, the 
minimum retention required for stabilizing the prosthesis that could 
be considered suitable for clinical use.

These findings were in agreement with Uludag et al.33 who 

concluded that retentive values of the three−implant−assisted 
overdenture model are significantly higher than the two−implant 
overdenture model.

However, there is a controversy about the use of three−implants to 
assist mandibular overdenture over two−implants. 

According to Oda et al.34 three implants were more advantageous 
than the use of two−implants as it decreases denture base rotation 
during incising.

Additionally, Selda et al.35 concluded that increasing of implant 
number tended to cause lower stresses in peri−implant bone in both 
splinted and un−splinted attachments that are induced by a bite force 
applied to the mandible. 

Limitations of this study include insufficient number of patients 
and the need for prospective radiographic analysis.

Conclusion
Although both two−implants and three−implants retained 

mandibular overdenture with OT Equator attachments gave the 
same peri−implant clinical outcome. The three−implants retained 
mandibular overdenture provided higher retention forces. For both 
groups retention gradually decreased through the follow−up period 
due to wear occurring in OT Equator nylon inserts.
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