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ABSTRACT

Aim: The purpose of this study was to evaluate the effect of attachments (equator
and ball and socket) on the bone density changes around implants in the mandibular
overdentures. Subjects and Methods: Sixteen completely edentulous patients aged
50 to 60 years old were selected for this study. According to the treatment protocol,
the patient had a mandibular implant-retained overdenture at the canine area, and the
patients were randomly divided into two equal groups. Group 1: Eight patients had
two mandibular implant-retained overdentures with equator attachments, and group
2: Eight patients with ball and socket attachments. The bone density is measured in
greyscale (Hounsfield units) using a partial scan Cone Beam Computed Tomography
(pCBCT) after one week (baseline), six, twelve, and eighteen months of the insertion
of the attachment. The mean values of bone density were compared between two
groups, and between the different times within each group. Comparison between
the two groups was made using an independent t-test, and multiple comparisons
between times were made by one-way ANOVA with posthoc turkey test (p< 0.05).
Results: The results didn’t show any statistically significant difference between groups
during all the follow-up times. Within each group, the readings were statistically
significant from the baseline and with each other. Conclusions: The results of this study
showed that the bone density around the implant overdenture increased significantly
with time irrespective of the type of attachment used.

INTRODUCTION

Implant-retained overdentures offered many advantages above the
conventional complete dentures, including reduced denture movements,
decreased residual ridge resorption, better esthetics, occlusion,
and increased occlusal function. Additionally, implant-retained
overdentures improve patient’s speech and psychological condition- A
mandibular implant retained-overdenture is less expensive than a fixed
implant-retained prosthesis making this treatment more obtainable for
edentulous patients -*
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The use of two implants is usually considered
the gold standard for treating the edentulous man-
dible due to the effectiveness on chewing, nutrition,
the general quality of life, and the balance with the
patient preferences, expectations, treatment plan,
and expected costs ®* Two attachments implant-re-
tained mandibular overdentures are functionally su-
perior to conventional dentures and are more effec-
tive and cost-saving replacements to fixed implant
dental prostheses. The two-implant overdenture
used in the mandible is the least cost implant and
offers a significant increase in stability and retention
over complete denture modality ©©.

Many attachments can be used to retain a man-
dibular denture to dental implants, including ball
and socket attachments, bar-clip, magnets, locator,
and equator attachments. Selection of the attach-
ment type for an implant-retained overdenture de-
pends on the amount of retention needed, amount of
available residual ridge, oral hygiene, cost, patient’s
expectation and social status, maxillary- mandibu-
lar relationship, and status of the opposing arch.
These different types of attachments have the same
objective to stabilize and secure the complete den-
ture; however, each mechanism has its own limita-
tions”®, The locator attachment system consists of
an abutment attached to the implant and contains a
matrix. It also has a patrix that is housed in a metal
cap and provides retention. The cap is attached to
the fitting surface of the denture and is made of ti-
tanium alloy. The patrix head provides frictional re-
tention®!?, Equator attachment is as locator attach-
ment is a new system with low profile configura-
tion. These attachment types have different colours
with different retention values and vertical heights,
and their repair and replacement are fast and easy.
The use of ball and socket attachment affords a
more simplified method to stabilizing mandibular
denture; it is a simple type of attachment due to
its shape (male unit soldered to the dowel coping
and female part embedded within acrylic resin of
the prosthesis). Retention is obtained by a snap like
action friction between patrix and matrix when the
overdenture is inserted. "

ADJ-from Assiut, Vol. 5, No. 1

The strength of bone is in a straight line related
to bone density. The modulus of elasticity, bone
contact, and axial stress contours around the implant
is mainly affected by bone density. The primary bone
density helps in the mechanical hold of the implant
during healing. It also permits the transmission and
distribution of stresses from the prosthesis to the
implant-bone interface after osseointegration'?.
Bone density is the amount of bone tissue in a
specific volume of bone. Valuation of bone density
may be considered necessary in many cases such as
systemic and oral diseases, implant planning, and
therapeutic evaluation and follow-up. In the recent
literature, several approaches have been introduced
to measure mandibular and skeletal bone density.
Follow-up studies of the bone density changes are
not well documented **

Therefore, this study’s objective was to determine
the changes in bone density around the implants in
the complete mandibular overdenture over eighteen
months with two types of attachments: equator
attachments and ball and socket attachments.

PATIENTS AND METHODS

Patient selection

Sixteen completely edentulous patients aged
55-60 years old were selected for this study from
the output clinic of Removable Prosthodontics, Fac-
ulty of Dental Medicine, Al-Azhar University Cai-
ro, Egypt. All patients were free from any systemic
disease as confirmed by history taking and labora-
tory examinations. All patients were without any
noticeable signs and symptoms of stomatognathic
system disorder. All selected patients wore dentures
before and had no abnormal habits such as brux-
ism, clenching, and tongue thrusting. They also did
not take drugs that affect bone quality or quantity,
with adequate mandibular bone dimensions for im-
plant insertion. Each patient received a written con-
sent explaining the study description. Cone-beam
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computed tomography (CBCT) was made for each
patient before implant insertion to determine the
height and width of bone and the size of the pro-
posed implant at specific sites.

Patient grouping
The patients were randomly group into two groups:

(Group 1) Eight patients had mandibular implant-
retained overdenture at the canine region with two
equator attachments.

(Group 2) Eight patients had mandibular implant-
retained overdenture at the canine region with two
ball and socket attachments.

Prosthetic and Surgical procedures

Each patient had complete upper and lower
acrylic resin dentures made with the conventional
protocol. The finished overdentures were inserted
into the patient’s mouth and checked for retention
and occlusion, final adjustments were made, and
the patients were instructed to care for and use their
prostheses. The surgical procedures of implant in-
sertion were done using a two-stage technique: A
mucoperiosteal flap was reflected, and drilling of
the bone was done at the canine area at 1000 rpm
and 35 N.cm torque with copious saline irrigation.
All implants were inserted using a hand piece with
insertion speed 20 rpm and torque of 40 N.cm. The
cover screw is placed over the implants and the flap

is sutured. The system used in this study was a neoss
proactive implant (Harrogate, UK) with 11mm
length and (3.5mm diameter. Post-surgical medi-
cations were instructed to the patients as the follow-
ing: Co-amoxiclav antibiotic (amoxicillin 750mg
and clavulanic acid 125mg) two times daily, and
anti-anaerobes (metronidazole 500mg) three times
daily for at least seven days, and analgesic (diclofe-
nac sodium 75mg) when needed. The patients were
not allowed to wear their dentures for two weeks
after surgery. Then, the dentures were relieved at the
implant areas to be seated properly in the patient’s
mouth. A healing period of three months was al-
lowed to assure complete osseointegration.

Second stage surgery was carried out after three
months of implant insertion. The attachment instal-
lation (Neoss ball or equator attachment, Harrogate,
UK) and pick up technique was done by auto po-
lymerized acrylic resin (Figure 1). Any necessary
adjustments were made, and then the dentures were
finished and polished.

Partial scan cone-beam computed tomography
(Partial scan view) for the implant site only was done
after one week (baseline), 6, 12, and 18 months of
implant insertion. All pCBCT images were scanned
at the same imaging apparatus (Carestream CBCT,
Kodak, USA) and imaging parameters (90Kvp,
exposure time 35 seconds, milliamp 12.5, and voxel
size 280). The alveolar bone density in greyscales

Fig. (1) Left: Two ball and socket implant attachments. Right Equator attachments
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(Hounsfield unit scale) representing the bone
density around the implant is calculated from the
CBCT Software (In vivo imaging software, Kavo
imaging, Biberach, Germany). Measurements were
taken 1mm away from the implant, and three values
were taken at the implant’s top, bottom, and half.
The average value of both mesial and distal sites
was calculated, and the same was done for buccal
and lingual sites. The following was measured: 1)
bone density changes by time in each group, and 2)
Bone density changes between the two groups.

Statistical Analysis

Numerical data were explored for normality by
checking the data distribution and using the Kol-
mogorov Smirnov normality test. Data showed a
normal (parametric) distribution. Data were present-
ed as mean and Standard Deviation (SD) values. An
independent t-test was used to compare the bone den-
sity change between attachments. One-way ANOVA
with post hoc turkey test was used for multiple com-
parisons between times. The significance level was
set at p < (0.05). Statistical analysis was performed
with IBM SPSS® Statistics Version 20 for Windows.

RESULTS

The mean values of average bone density
Mesiodistally and Buccolingually are shown in
(Table 1) and (Figure 2).

The mean bone density from the baseline was
higher in group I in both mesiodistal and buccolin-
gual sites (Fig. 3). However, the independent t-test
between the two groups showed no statistically sig-
nificant difference at any observation times (Table 2).

The amount of bone density was increased
with time in the two groups. Within each group,
the paired t-test showed a statistically significant
difference in bone density between the baseline and
the other observation times, indicating increase in
bone density with time. (Table 3).
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Table (1) Mean values of bone density for both
groups in Hounsfield units

Group 1
(Mean =SD.)

Group II

Site (Mean =SD.)

Mesial-Distal 126.36+17.38
115.39+25.61
273.64+35.98
236.34+52.96
429 .87+57.38
387.45+67.17
557.02+43.86

532.67+62.53

83.47+1191
96.13+20.58
179.25+25.99
204.63+43.69
317.98+78.21
362.04+57.36
436.37+65.78
466.92+41.76

Baseline
Buccal-Lingual

Maesial-Distal

6 months
Buccal-Lingual

Maesial-Distal

12 months
Buccal-Lingual
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Fig. (2) Mean values of bone density for both groups in
Hounsfield units

Table 2 Comparison of Mean difference of bone
density change around different attachments in
Hounsfield units

MeanaSD. Memmssp, DT Senifcance
Mesial-Distal
Baseline 12636 +1738 8347+1191 0.07 NS
6 months 1473 +£37.55 121.0+47.00 0.257 N.S
12months 303.5+59.64 2345+8506 0.106 N.S
18 months  430.7+63.6 35297451 0.057 N.S
Buccal-Lingual
Baseline  Buccal-Lingual 11539 +25.61 0.38 N.S
6 months 1210 +67.5 108.5+3745 0.679 NS
12months 272.1 £89.64 2659 +61.51 0.883 NS
18 months 4173 +6554 371.8+111.28 0.164 NS

*Independent t-test for comparison at (p <0.05). Results
with NS means non-significant
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Table (3) Paired t-test of bone density change by time at different sites

Mesial-Distal

Buccal-Lingual

Group I Group II Group I Group II
p* Significance p* Significance p* Significance p* Significance
6 months 0.0001 Significant 0.0002  Non-Significant 0.0003 Significant 0.0002  Significance
Baseline 12 months  0.0003 Significant 0.0001 Significant 0.0001 Significant 0.0002  Significance
18 months 0.000001  Significant 0.0002 Significant 0.000002 Significant 0.00011  Significance
12 months 0.0088  Significant 0.0007 Significant 0.001 Significant 0.0016  Significance
6 months
18 months  0.0002  Significant 0.0005 Significant 0.00008 Significant 0.0011 Significance
12 months 18 months 0.03 Significant 0.001 Significant 0.001 Significant 0.004 Significance

*One-way ANOVA with posthoc turkey test for comparison at (p <0.05).

DISCUSSION

This study objective was to compare the effect of
two different types of attachments retained implant-
retained mandibular overdentures on bone density.
Mandibular implant-retained overdenture is an ef-
fective treatment option for edentulous patients. It is
valuable to analyze the factors affecting its success
in the long term 4.

Generally, all patients were free from systemic
disease that might interfere with the implant surgical
procedure or affect post-operative healing. Residual
ridges had normal morphology, free from severe
bony undercuts or flabby tissues, and covered
by firm mucoperiosteum. Healthy firm, fixed
mucosa around endosteal implants is considered a
requirement for reliable long term 19,

Ball and
attachments used in this study were chosen due to

socket and equator overdenture

simplicity in design ‘”. The Equator attachment
system offers the lowest profile attachment system
in the market, giving superior design options for
aesthetics and function, especially if available space
isaproblem®!? Regarding technical complications,
the equator attachments have fewer complications
than the ball and socket attachments. A finite
analysis showed more probability of excessive

forces and fractured screws in ball attachments than
other types of attachments ®*. Indeed, El-Sayed et
al. found that mandibular denture base deformation
was more significant in  implant-retained
mandibular overdenture with ball attachment than
locator attachment @V, Cakarer showed that locator
attachments have fewer prosthetic complications

than locator bar attachments @2.

Cone-Beam Computed Tomography(CBCT) is
the chosen option for implant dentistry as it provides
better measurement accuracy than two-dimensional
imaging while using lesser doses of radiation. It
was reported that both Cone-Beam Computed
Tomography yielded sub-millimetre accuracy for
implant measurements. The ridge width pattern
cannot be viewed on two-dimensional imaging, but
the CBCT benefits viewing the alveolar ridge from
all directions. Cross-sectional images provide the
implantologist with ridge details such as irregular or
knife-edge ridge and narrow crestal ridge. Likewise,
loss of cortical plates can also be evaluated on
cross-sectional images. It was concluded that three-
dimensional images reproduced actual osseous
topography more accurately, and they considered it
a valued diagnostic aid. The panoramic radiograph
is an inefficient imaging technique, especially in
resorbed mandible %29,
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Although the Dual Energy X-ray absorptiometry
(DXA) was a popular imaging technique to measure
bone mineral density, it has low-resolution two-di-
mensional imaging. On the other hand, CBCT pro-
vides a higher image resolution in three-dimension-
al imaging. Thus, CBCT has been widely used to
diagnose complications in dental clinics ®. Several
studies have recommended using CBCT to evaluate
the bone density in bone grafts and implants 627,

A significant increase in bone density around im-
plants over time was observed in this study. This
finding agrees with Lahori et al., who showed in-
creased bone density over time with delayed and im-
mediate loading implants. It has been demonstrated
that denser bone surrounds well-retained implants
in monkeys. Bone responds positively to the applied
loads by applying for further support through its
trabecular pattern and heavy lamina dura arrange-
ment®3%. However, El-Rashedy showed non-sig-
nificant changes in bone density between the first
three months and the baseline in implant-retained
Kennedy class IV cases V. This finding can be ex-
plained by the fact that the occlusal load is beard
bore by implants. Meanwhile, in the present study,
the ridge participates in support.

The results of this study showed no significant
difference between equator and ball and socket at-
tachment. This finding agrees with Wowern et al.,
who showed that the increase of the bone mineral
content around implant-retained overdenture is in-
dependent of the attachment system over five years
follow up. This explanation is supported by another
study which showed that mandibular implant-re-
tained overdenture by locator and ball attachment
have the same clinical effect regarding chewing
ability, retention, stability, gingival recession, com-
fort, and implant stability ©>%.

The study showed more bone deposition in the
mesiodistal direction than the buccolingual one,
which can be explained by the findings by Li et
al., who concluded that the most areas that receive
forces in the implant-retained overdenture were the
distal neck of the most distal implant ¥,
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CONCLUSION

This study showed that the bone density around
the implant overdenture increased significantly with
time, irrespective of the type of attachment used.
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