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INTRODUCTION                                                                 

Edentulism is a debilitating and permanent disorder that 
has been regarded as the “ultimate indication of disease 
impact on oral health.” Although the rate of complete tooth 
loss has decreased over the last decade, it remains a serious 
problem worldwide, particularly among older persons[1]. 
Overdenture therapy involves a removable denture placed 
over a retained teeth, tooth roots, or dental implants. 
For more than a century, practitioners have utilized it 
successfully. Implant overdentures have many advantages 
as avoiding tooth decay, periodontal disease and the 
technical issues related to denture manufacture and denture 
fracture[2]. A literature review from 1991 to 2011 revealed 
that implant-supported overdentures are an effective 
therapy, particularly in mandibles. The total success rate                
of maxillary and mandibular implant overdentures                                                                                                         
was 86.6 per cent and 95.8 per cent, respectively[3]. 
Overdentures have the following advantages over the 
fixed prostheses as fewer implants utilized, better cosmetic 
outcome, easy to care for and clean, may be removed 
at night to reduce the risk of nocturnal parafunctional 
overload, reduced cost, more accessible to repair and can 
be used  as a  provisional  or temporary  prosthesis until the 
permanent fixed prosthesis is fabricated[4].

The diameter or design of an implant is the crucial 
point for classification. Implants were having a diameter of 
more than 3.5 mm are referred to as conventional diameter 
implants overdentures. Implants with diameters ranging 

from 3.5 mm to 3 mm are referred to as narrow-diameter 
implants, whereas implants with diameters ranging from 
3.0 to 3.25 mm are referred to as small-diameter implants. 
Mini implants have a diameter of 3.0 mm[5]. Mini dental 
implants are typically used in overdenture therapy 
when there is insufficient width of bone or keratinized 
tissue, a patient’s rejection to bone grafting, or impaired 
health[6]. Mini dental implants provide several advantages, 
including the ability to extend the bone when they are 
inserted, the need for a small osteotomy, rapid stability 
and loading on the day of placement and therefore fewer 
treatment sessions. Indeed, the flapless placement results 
in decreased surgical trauma and rapid healing. They are 
also much less expensive than traditional implants. The 
cost of four mini-implants is the same as the cost of one 
regular implant[7].

The first Consensus Statement on the number of 
implants supported overdentures was issued in 2002 at 
McGill University by many pioneers in the prosthodontic 
profession, who stated: “Mandibular two-implant 
overdentures as the first choice standard of treatment for 
edentulous patients”. The annual Conference of the BSSPD 
(British Society for the Study of Prosthetic Dentistry) was 
held in York, England, seven years later in 2009. “The 
mandibular two implant-supported overdentures as the 
first choice standard of treatment for edentulous patients,” 
according to the Conesus statement[8]. This point of view 
is supported by 20 randomized clinical trials showing 
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improvements in patient satisfaction and quality of life 
and five randomized control trials on the masticatory 
function[9]. A Systemic Review of the survival rate of 
mandibular overdenture supported by two or four implants 
did not show any significant difference between them[10]. 
Several trials with successful results have been conducted 
using the mini-implants in the mandibular overdenture 
based on the McGill and York consensus[11 - 16].

A variety of attachments, such as ball attachments, 
magnets, bar-clip, locator and equator attachments, can be 
used to anchor a mandibular denture to dental implants. 
Other types have the same purpose, yet, each of these 
systems has its limitations[17]. The cost of the dental 
implant and the amount of retention needed, the degree 
of oral hygiene, bone quantity, patient’s expectation, jaw 
relationship, inter implant distance and condition of the 
opposing jaw all influence the attachment method for an 
implant-supported overdenture[18].

AIM OF THE STUDY                                                                     

The purpose of this study was to compare the amount of 
marginal bone loss in mandibular mini-implant supported 
overdenture by two modalities:

1) Unsplinted implants with ball attachments.

2) Splinted implants with bar attachments.

MATERIALS AND METHODS                                                                  

Patient selection and grouping:

Twenty completely edentulous patients were selected 
from the clinics of the faculty of dentistry, Al-Azhar 
University, Cairo, Egypt. The patients were aged between  
55 and 70 years old. The patients were free from any 
systemic disease, as confirmed by history taking and 
laboratory examinations. All patients were without any 
signs and symptoms of oral and systemic disorders. 
All selected patients had had no abnormal habits such 
as bruxism, clenching and tongue thrusting with an 
adequate bone quality for implants as confirmed by Cone-
beam computed tomography (CBCT). The patients were 
randomly divided into:

1) Group I: Solitary ball attachments mini-implants,.

2) Group II: The mini-implants were splinted with 
bar. Each patient received written consent explaining the 
study description. Each patient then had received upper 
and lower complete dentures. The dentures were checked 
for retention and occlusion and final adjustments were 
made.

Surgical guide fabrication:

Cone-beam computed tomography (CBCT) (CS 9500, 
Carestream, Rochester, New York, United States) was made 
for each patient to determine the available bone height and 

implant width. The DICOM files of CBCT were converted 
to the STL file and the surgical guide was designed using 
computer software (Mimics, Materialise NV, Leuven, 
Belgium). The distance between the two mental foramina 
was divided into five equal spaces, namely A, B, C, D and 
E, from the patient’s right side. The implants were placed in 
the middle of the B & D locations. Implant locations were 
selected according to Misch[19]. The surgical guide for the 
initial drill was fabricated. The surgical guide was made of 
acrylic resin material (Nextdent SG, Vertex, Soesterberg, 
Netherlands) and synthesized using a 3D printer (Phrozen 
Shuffle Xl Lite, Phrozen, Hsinchu, Taiwan).

Surgical procedures:

A flapless method was used for implant placement. 
The surgical guide was removed from the disinfectant, 
washed with saline then seated in the patient’s mouth. 
The prospective implants’ position was marked on the 
mucosa by a dental probe passing through the surgical 
guide’s sleeves. Then the radiographic guide was removed. 
Drilling with tissue punch was done at 50 rpm under 
copious irrigation to cut mucosa over the implant site; then, 
the mucosa was removed. The punch drill was 4 mm for 
the regular implant. The surgical guide was placed again to 
guide the pilot drill in the proper position and angulation 
through its sleeve. The sequence drills were used to 
prepare the implant site directly under copious irrigation, 
the speed was 1200 rpm and the torque was 35 N.cm, then 
the implant parallelism was checked by parallel pins. The 
implants fixture (Slimline, Dentium, Gyeonggi-do, South 
Korea). (2 x Ø 2.3 mm) was carefully removed from its 
vial and attached to the ratchet adapter and then screwed 
into the prepared site using a handpiece at 50 N.cm at a 
speed of 15 - 20 rpm.

Prosthetic procedures:

The prosthetic procedures vary between the two groups. 
The implant system was one piece for both groups and the 
abutment was a ball for Group I and straight (Fix type) for 
group II.

Group I (Ball):

The pick-up procedure was done directly after implant 
placement. The dentures were relieved at the implant areas 
to be seated properly in the patient’s mouth. Rubber block 
rings were placed around the ball abutment to block the 
undercuts and pick-up was done by auto polymerized 
acrylic resin. The denture was removed after the acrylic 
resin was set and the excess material was removed with a 
bur and then polished.

Group II (Bar):

Impression caps were attached to implants and then 
an overall impression was taken with rubber base putty 
(Zetaplus, Zhermack, Badia Polesine, Italy). After setting 
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the impression, an implant analogue was attached to the 
impression caps on the inner surface of the impression. The 
laboratory procedures were the following: The impression 
was poured with type III dental stone. Copings were 
waxed-up over the implant analogues and the copings were 
connected by a plastic bar attachment (RHIN 83 OT BAR 
multi-use, Bologna, Italy). The wax pattern was invested, 
cast and polishing. The bar was tried-in clinically over 
the straight abutments and adjusted when needed, then 
cemented in place using a resin cement (Multilink speed, 
Ivoclar Vivadent, Schaan, Liechtenstein). After setting the 
cement, the bar clips were attached to the bar attachment. 
The denture was relieved at the implant area and the pick-
up procedure was done as mentioned above.

Radiographic examination:

The crestal bone loss was measured by Cone-beam 
computed tomography (CBCT) (CS 9500, Carestream, 
Rochester, New York, United States) using 3D software 
(CS 3D imaging, Carestream, Rochester, New York, 
United States). All CBCT images were scanned at the same 
imaging apparatus and the same imaging parameters (90 
Kvp, exposure time 35 seconds, milliamp 12.5 and voxel 
size 280). The radiographs were taken at insertion, six 

months and 12 months intervals. The measurements were done 
according to Bajaj et al.[20], where four sections were taken at 
the middle of the implant at the buccal, lingual, mesial and 
distal surface. The measurement was taken from the implant-
abutment junction to the first bone to implant contact. The 
amount of crestal bone loss was calculated by subtracting 
the readings at six months and 12 months from the baseline  
(Figure 1).

Statistical Analysis:

Numerical data were explored for normality using the 
Kolmogorov Smirnov test and the results showed a normal 
distribution of data. An independent t-test was used to compare 
the two groups (p ≤ 0.05). One-way ANOVA with post hoc 
turkey test was used to compare bone loss at different times 
within each group (p < 0.05). The statistical analysis was done 
using IBM SPSS© Statistics Version 20 for Windows (Armonk, 
New York: IBM Corporation).

RESULTS                                                                          

The results of marginal bone loss are shown in (Table 1 and 
Figure 2). The amount of marginal bone loss increases with 
time. The highest values of bone loss were observed in the 
buccal site and the lowest values were in the lingual site.

Figure 1: Left measurement of marginal loss. Right: Sectioning of implant for measurement.

Table 1: Marginal bone loss in bone groups in (mm):

Site
Time

Distal Mesial Buccal Lingual
6 Months 12 Months 6 Months 12 Months 6 Months 12 Months 6 Months 12 Months

G Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Group 
I

0.49 ± 0.07 0.61 ± 0.23 0.34 ± 0.12 0.55 ± 0.13 0.55 ± 0.25 0.72 ± 0.45 0.47 ± 0.09 0.91 ± 0.37

Group 
II

0.55 ± 0.19 0.72 ± 0.31 0.46 ± 0.14 0.67 ± 0.07 0.68 ± 0.12 1.08 ± 0.19 0.61 ± 0.23 0.95 ± 0.14
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Figure 2: Marginal bone loss in bone groups during different time interval.

Within each group, the comparison between different 
times using one-way ANOVA with posthoc turkey test 
showed a significant difference in the bone loss values in 6 
months and 12 months compared with the baseline values. 
However, the values of 6 months and 12 months were not 
significant with each other (p < 0.05). (Table 3 and 4).

Comparison between group I and Group II using 

independent t-test showed no significant difference at six 

months and 12 months in the mesial, distal, buccal, and 

lingual sites (p < 0.05) (Table 2).

Table 2: Comparison between the two groups at different sites after six months, 12 months follow-up time:

Independent t-test Time t p* Significance

Buccal 6 Months 1.734 0.24 Non-Significant

12 Months 1.734 0.95 Non-Significant

Lingual 6 Months 1.734 0.106 Non-Significant

12 Months 1.734 0.14 Non-Significant

Distal 6 Months 1.734 0.38 Non-Significant

12 Months 1.734 0.21 Non-Significant

Mesial 6 Months 1.734 0.06 Non-Significant

12 Months 1.734 0.83 Non-Significant

* The mean difference is significant at < 0.05 level.

Table 3: One-way ANOVA with posthoc turkey test comparison between different times in Group I (p < 0.05):

Dependent 
Variable

(I) VAR00001 (J) VAR00001 Mean Difference 
(I-J)

Std. Error p-value* Significance

Buccal Baseline 6 months - 0.79000* 0.0951 0 Significant

12 Months - 0.71400* 0.0951 0 Significant

6 months 12 Months 0.076 0.0951 0.707 Non-Significant

Lingual Baseline 6 months - 0.61000* 0.03181 0 Significant

12 Months - 0.57000* 0.03181 0 Significant

6 months 12 Months 0.04 0.03181 0.431 Non-Significant

Mesial Baseline 6 months - 0.48900* 0.02427 0 Significant

12 Months - 0.49000* 0.02427 0 Significant

6 months 12 Months - 0.001 0.02427 0.999 Non-Significant

Distal Baseline 6 months - 0.34100* 0.04946 0 Significant

12 Months - 0.36200* 0.04946 0 Significant

6 months 12 Months - 0.021 0.04946 0.906 Non-Significant

* The mean difference is significant at < 0.05 level.
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Table 4: One-way ANOVA with post-hoc turkey test comparison between different times in group II (p < 0.05):

Dependent 
Variable

(I) VAR00001 (J) VAR00001 Mean Difference 
(I-J)

Std. Error p value* Significance

Buccal Baseline 6 months - 0.68000* 0.05159 0.000 Significant

12 Months - 0.63900* 0.05159 0.000 Significant

6 months 12 Months 0.04100 0.05159 0.709 Non-Significant

Lingual Baseline 6 months - 0.46900* 0.10666 0.000 Significant

12 Months - 0.39600* 0.10666 0.003 Significant

6 months 12 Months 0.07300 0.10666 0.775 Non-Significant

Mesial Baseline 6 months - 0.45900* 0.04451 0.000 Significant

12 Months - 0.42800* 0.04451 0.000 Significant

6 months 12 Months 0.03100 0.04451 .768 Non-Significant

Distal Baseline 6 months - 0.55000* 0.05791 0.000 Significant

12 Months - 0.55900* 0.05791 0.000 Significant

6 months 12 Months - 0.00900 0.05791 0.987 Non-Significant

* The mean difference is significant at < 0.05 level.

early diagnosis of bone loss and the correction of current 
implant problems before further deterioration occurs, 
with more accuracy than conventional radiographs[28]. 
Conventional intra-oral radiographs show interproximal 
alveolar bone levels, which suffers from anatomical 
superposition and geometric distortion. Even when high-
quality images are produced, conventional radiography 
has been shown to underestimate mild-to-moderate bone 
loss. In order to improve the sensitivity of conventional 
radiography in detecting marginal bone loss, digital 
subtraction radiography has been evaluated but has not 
reached common practice.  The cone beam computerized 
tomography is recommended to assess the actual 3D 
configuration of marginal bone loss[29]. The International 
Commission on Radiological Protection (ICRP) guidelines 
for effective dose was 1000 µSv (Micro-Sievert) per 
year for public and 20,000 µSv for occupational[30]. The 
effective dose for the CBCT machine (CS 9500) used for 
this study is 136 µSv for a large field of view for adults, 
which equals 21 days of exposure to natural radiation, as 
was shown in a meta-analysis[31].

The results of this study agree with Jofre et al.[32] 
showed a significant difference in the pattern of bone 
loss between the splinted and non-splinted mini-implants.  
Vertical bone loss was seen in 51 % of the mini-implant in 
the ball group and 29 % in the bar group. The unsplinted 
ball group showed higher stress in a finite analysis. 
Splinting implants with a bar may distribute the functional 
stresses more evenly and extensively along with the 
implants[33]. Bar attachment seemed to be associated with 
reduced resorption of mandibular posterior alveolar ridges, 
which was explained by the dual mucosa-implant support 
provided by round bars that allow for unrestricted vertical 
movement of the prosthesis during function and transmit 
a variety of loads to the posterior edentulous region while 
putting little stress on the implants[34]. The study showed 
more bone resorption buccolingual, which can be explained 
by Li et al., who concluded that most areas that receive 

DISCUSSION                                                                          
Crestal bone loss around the neck of dental implants 

is still one of the most prevalent issues after implant 
placement and it has an impact on the implant’s long-
term effectiveness and crestal bone loss, which is essential 
for the long-term life of implants[21]. Surgical trauma and 
healing response, occlusal overload, peri-implantitis, 
micro gap, biologic width and implant crest module are the 
six primary reasons for crestal bone loss described in the 
literature[22].

When the influence of implant diameter was 
considered, Mini implants produced the highest stresses 
and strains in     both axial and off-axial loading when 
compared to conventional implants since the mini 
implants have a smaller surface area and volume, putting 
more stress per square millimetre against the bone than 
larger diameter implants[23]. However, the difference in 
the marginal bone loss was clinically insignificant[24].                                                                                                                    
A systematic review by Ma et al.[25] showed that for early 
loaded implants, the average marginal bone loss was 
between 0 to 2 mm during the first year. A comparative 
study of seven patients having mandibular overdentures 
with two mini implants (Ø 2.8 mm diameter-ball 
attachments) showed no statistically significant difference 
in the bone density and bone height with those having two 
mini implants[26].

There is debate over whether implant overdentures 
are beneficial or harmful in ridge reshaping after loading 
because of the denture’s anterior anchorage in the 
symphyseal area, which preserves bone between implants, 
or because of the denture free movement posteriorly, which 
causes more resorption[27].

When all the implants were put without CBCT, there is a 
risk of operator error in bone volume, shape and angulation. 
CBCT should be required as part of the treatment strategy 
and might be used as a long-term assessment reference. 
CBCT imaging of dental implants can also aid in the 
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stresses in the implant-supported prostheses were the distal 
neck of the most distal implant[35].

The use of a bar necessitates additional laboratory 
work, clinical procedures and a high cost for manufacturing 
if the bar fails; it typically necessitates replacing the 
overdenture[36]. Ball attachments are simple, low-cost, 
easy to handle, simple to change without remaking the 
prosthesis and only need a few minutes of chair time to 
connect to the fixture. According to several authors, the 
ball attachment is the most often utilized attachment for 
unsplinted implants[37]. Abutment parallelism is essential 
for solitary implants because abutment non-parallelism 
causes attachment wear more quickly. As the number of 
implants increases, splinting becomes more critical as 
abutment parallelism becomes more challenging[38].

CONCLUSION                                                                  

Splinting of two mini-dental implants overdentures 
showed no difference in marginal bone loss with the 
unsplinted one. The results of both groups were within the 
accepted clinical levels of marginal bone loss.
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