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ABSTRACT

Purpose: This study was carried out to evaluate Three-Dimensional marginal bone resorption
with flap and flapless placement of immediately loaded implants retaining mandibular overdentures
with locator attachments.

Materials and methods: Ten edentulous patients (6 males and four females, with an average
age of 59 years) complaining of lack of retention of mandibular dentures received two implants
in the canine positions of the mandible using either flap (group 1) or flapless (group 2) surgical
approach. All implants were immediately loaded with locator retained mandibular overdentures.
Cone beam CT was used to measure Three-Dimensional bone loss at mesial, distal, buccal and
lingual surface of each implant. Measurements were made at baseline, six and 12 months later after
delivery.

Results: The survival rate was 90% and 100% for flap and flapless groups respectively. For all
implant surfaces, flap group showed significant higher bone resorption than flapless group. After
12 months, the highest bone loss occurred at the mesial surface and the lowest bone loss occurred
at the buccal surface in the flap group. For flapless group, the highest bone loss occurred at buccal
surface and the lowest bone loss located at lingual surface. For all implant surfaces in both groups,

marginal bone loss after 12 months was significantly higher than the values after six months.

Conclusion: Within the limitations of this study, the flapless surgical approach is recommended
for locator retained mandibular overdentures than the flap approach as it was associated with

reduced marginal bone loss after 12 months.

*  Associate Professor, Removable Prosthodontics Department Faculty of Dentistry, October University For Modern
Science and Arts. Giza, Egypt.
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INTRODUCTION

The use of two implants to retain and stabilize
mandibular overdentures is now considered a
routine discipline in management of edentulous
patients as it improves the retention and stability of
overdentures, increases chewing efficiency, reduces
the pain and discomfort during mastication and
improves patient satisfaction and oral health-related
quality of life!:2. Implant retained overdentures are
alternative to fixed prosthesis if patients cannot
afford increased costs, in medically debilitated
patients to avoid bone grafting procedures or if
prosthesis requires excessive cantilevers to obtain
necessary occlusal contact and in patients with
unfavorable arch relationships due to advanced
resorption®. Such overdentures use of different
retention systems that are broadly categorized as
splinted or unsplinted. The splinted attachment
systems are the bar attachments while the unsplinted
systems comprise ball-types, magnets, telescopic
crowns or resilient stud (Locator) attachments®.
When using two implants to retain overdentures
the attachment mechanism should permit vertical
and hinge movements of the overdenture to allow
overdenture rotation during function and enhance
twist-free load transmission to the implants®. The
unsplinted attachments had several advantages
over the splinted ones such as reduced prosthetic
space within the denture base, reduces the cost,
ease of cleaning and performing oral hygiene and
reduced technical complications®’. The selection of
appropriate attachment depends on several patient
factors such as interarch and restorative spaces,
ridge shape, amount of retention and stability
desired, implant angulation, ease of maintenance,
patient compliance, repair and cost ®. Moreover,
the attachment should provide optimum force
distribution around supporting implants to allow
bone loading within physiologic levels to avoid
bone resorption around implants®. The difference
in displacement between the implant and soft tissue
must be considered and the attachments should
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provide equal load distribution between the implants
in the mucosa to avoid implant overloading'”.

The resilient stud (Locator attachment) is the
most popular attachment system used in the last
decade. Locators are resilient, self-seating and
have double retention (comes from their internal
and external frictional flanges) and color-coded

1. Moreover

with different retention values”
locators uses a straight abutment and relies on the
male component, which lies within the removable
prosthesis, to resolve any problems related to
angulation'?. Therefore, it can compensate for
implant inclination up to 40 degree . In addition,
the reduced vertical height of locators allow them
to be used with limited inter-arch distance to
avoid over contouring of the prosthesis, excessive
occlusal vertical dimension, patient dissatisfaction'*
and denture base deformation and fracture™

Marginal bone resorption around implants is a
multifactorial condition that may be affected by
occlusal loading, bacteria and plaque retention in
peri- implant areas'¢. Marginal bone loss is affected
by the surgical technique for implant placement
such as flap and flapless surgery's. The flapless
surgery has several advantages such as minimal
surgical trauma, short surgical time, decreased the
postoperative pain, edema and patient comfort and
rapid postsurgical healing - '8, The flap surgical
approach provides good visualization of anatomical
structures, ridge shape and landmarks at implant
placement which reduce the risk of bone fenestration
and perforation but also associated with increased
postoperative edema and discomfort '*-?°

Immediate loading of implants with mandibular
overdentures after surgery provide patients with
immediate restoration of mastication and aesthetics
and also avoid the use of conventional dentures
during the healing period. However, it may result
in micromotions at implant/bone interface thus
interfering with the healing process 2!. It is possible
that non-splinted implants may be negatively
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affected by immediate loading because the load is
not shared between implants, which may influence
marginal bone resorption®.

Radiographic evaluation of the peri-implant
bone, in addition to assessment of several clinical
parameters, became one of prerequisites for esti-
mation of implant success Consequently, there is a
current emphasis on the significance of peri-implant
bone loss*. However, evaluation of marginal bone
resorption usually made with the 2- dimensional
periapical radiographs which allow evaluation
of mesial and distal proximal bone loss only with
neglection of buccal and lingual bone resorption.
Cone-beam computed tomography (CBCT) pro-
vides three-dimensional images cross sectional im-
ages® that allow visualization of the bucco-lingual
bone around the implants®. Several studies reported
a good implant survival for two immediately-loaded
unsplinted implants with Locator**?” attachments.
However, the evaluation of flap and flapless surgical
approach for implant placement to support immedi-
ately loaded mandibular overdentures was not a con-
cern in regular diameter implant and was performed
with narrow diameter implant only. Therefore, the
aim of this study was to evaluate and compare 3-di-
mensional marginal bone resorption associated with
flap and flapless placement of immediately loaded
implants retaining mandibular overdentures with
locator attachments.

MATERIALS AND METHODS

of 10
edentulous participants (6 males and four females,

A convenient sample completely
with an average age of 59 years) were selected
for this randomized trial from the outpatient
clinic attending the Prosthodontic Department.
The

from insufficient stability and retention of their

included participants were complaining
mandibular conventional dentures. The included
participants were required to have 1) sufficient
bone height and width in the canine regions of the
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mandible to receive standard implants (Tiologic,
Dentarum, Germany) of at least 11 mm in height
and 3.7 mm in width (class IV-VI Cawood and
Howell®). A preoperative cone beam CT was
made to verify bone volume at proposed implant
sites. 2) sufficient bone quality and density at
canine areas (classes I-III Lekholm and Zarb®),
3) sufficient restorative space, 4) at least one year
elapsed rom the last extraction. The participants
were excluded if they had 1) Kinfe edge (or thin)
ridges, 2) radiation therapy to head and neck region
or chemotherapy, 3) systemic diseases that may
interfere with surgery or may affect osteointegration
or bone metabolism such as diabetes mellitus, liver
disease, or heart disease, and 4) uncooperative
patients. The participants were randomly assigned
into two groups jointed by gender to ensure equal
sex distribution between groups (three males and
two females in each group). Randomization was
performed using random numbers included in
Excel spreadsheet. Group 1 included 5 participants
who received two implants in canine areas using
conventional one stage flap surgical technique.
Group 2 included 5 participants who received two
implants using one stage flapless surgical approach.
All implants were immediately loaded with locator
retained mandibular overdentures at the same day
of surgery. Detailed the protocol and objectives of
the study were prescribed to each participant before
signing an informed consent. The study plan was
approved by the ethical committee of the faculty.

Detailed surgical and prosthetic procedures

A new conventional maxillary and mandibular
denture was constructed for each participant.
After final impressions were registered, recorded
bases were constructed and used to record
maxillomandibular relations in centric and eccentric
positions using static interocclusal records. Bilateral
balanced occlusion was made using semi-anatomic
acrylic teeth. Try in was completed under the

dentures were processed in usual manner. The
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dentures we are delivered to the participants after
performing the necessary occlusal and margin
adjustment, and the patients were instructed to wear
the dentures for at least two months to enhance
neuromuscular adaptation.

For all patients, the preoperative cone beam CT
(i-CAT device; Imaging Sciences Intl) was used
to evaluate bone at proposed implant sites and to
detect the proper implant lengths and widths. For
group 1, the mandibular denture was duplicated into
heat cured acrylic resin with metal tubes attached at
canine areas to be used as a surgical guide. A mid
crestal incision was made from premolar area on
one side to premolar area on the other side. Then
a full-thickness mucoperiosteal flap was raised.
Using the surgical guide, two implants (Dentaurm,
Germany) were inserted in the canine areas parallel
to each other’s using successive drilling. Locator
abutments of adequate mucosal thickness were
connected to the implants and the flap was closed
around the abutments using interrupted sutures.
Rubber dam sheets were adapted around locator
abutments over the sutures and white blocking
rings were attached to the abutments to prevent
excess acrylic resin (Acrostone, Egypt) to enter
undercuts or contact the abutments. The processing
inserts of locator attachments were included in their
metal caps and snapped on locator abutments. The
mandibular dentures were hollowed opposite to
each locator attachment and lingual events were

made to allow escape of excess acrylic resin. Care
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should be taken to ensure that there was no contact
between the locator housings and the fitting surface
of the mandibular dentures. The locator housings
were picked up to the mandibular dentures using
autopolymerized acrylic resin while the patients
closed in centric occlusion. Excess acrylic resin was
removed and the dentures were published.

For group 2, the implants were inserted using a
mucosal supported surgical template and computer
guided flapless surgery. The mandibular denture
was duplicated and radiopaque gutta purcha
markers were attachment to the labial, buccal, and
lingual polished surface of the duplicate denture
to be used as a radiographic template. For each
participant, the dual scan protocol was performed;
one scan for the denture only and the other scan
while the patient wearing the denture. The two
scans we are overlapped then the resultant images
we reformatted. Implant positions and orientations
were planned using the software accompanied the
CBCT scans (OnDemand; CyberMed Inc). The
plan was used to construct a mucosal supported
Sterolithographic surgical guide using prototyping
technology. The guide contains sleeves fixed it over
implant positions. Under local anesthesia the guide
was fixated into the mandible using the cortical pins
while the patient close on rubber base interocclusal
record. Using the surgical kit that accompanied the
surgical guide (In2guide), two circular incisions
were made using a tissue punch. Then implant
osteotomies were made using successive drills of
increasing diameters that precisely fit the sleeves

Fig. (1) Flap group; a; mid crestal incision and implant placement parallel to each other, b, locator abutments screwed in implants

and flap closure, c, pick up of the locator housing the fitting surface of the overdentures.
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of the guide. The implants were inserted in the
prepared osteotomies and locator abutments were
connected to the implants. As Group 1, white
blocking rings were attached to the abutments and
locator housings were snapped over the abutments.
The housings were then picked up to the mandibular
overdentures similar to Group 1. For both groups,
black processing inserts were replaced with blue
nylon inserts (light retention). The dentures we are
delivered to participants two immediately loaded
the implants with instructions on oral hygiene
instructions. Occlusal adjustments were made by
selective grinding to ensure that there is no occlusal
interference in centric and eccentric positions. For
group 1, sutures were removed after two weeks and
the denture were relined to ensure good adaptation
to underlying mucosa.

Measurement of Three-Dimensional marginal
bone loss

For each participant, Cone beam CT was made
at base line (immediately after denture delivery),
6 months (6m), and 12 months (12m) after
denture delivery. All exposure conditions were
standardized for all patients such as acquisition
time, voxel size and slice thickness. The images
were stored as DICOM (Digital Imaging and
Communications in Medicine) files. The bone loss

was measured at mesial, distal, buccal and lingual
surface of each implant. Using a curve tool of the
software (OnDemand), each implant was bisected
mesiodistally from the occlusal view. After image

(3439)

reconstruction cross sectional and panoramic
images for each implant was obtained. Mesial and
distal peri-implant bone resorption was measured
at the panoramic images. Buccal and lingual bone
resorption was calculated at cross sectional images
(fig). To calculate marginal bone resorption, the
vertical distance from implant abutment junction
(point A) to the bone contact with implant (point
B) was measured to give bone level**. Bone loss
was calculated by subtracting bone levels at 6m
and 12m from bone levels at base line. The bone
loss measurement for right and left canine implants
were averaged and the mean was used for statistical
analysis. The bone measurements were performed
three times using different examiners to verify the
inter-examiner reliability of obtained measurement.

Statistical analysis

The data were analyzed using SPSS® software
version 25 (SPSS Inc., Chicago, IL, USA). Shapiro
Wilk test was used to detect the normal distribution
of the data. The data was parametric and normally
distributed. A (Cronbach) test was used to test the
inter-examiner reliability. The data was parametric
and described as mean and standard deviation.
Repeated measures ANOVA was used for compare
marginal bone loss between groups, implant surfaces
(mesial, distal, buccal and lingual), and observation
times followed by Tukey test for multiple pairwise
comparisons. The level of significance was adjusted
at5 %.

Fig. (2) Flapless group; a; implant placement using mucosal supported stereolithographic surgical template and the associated

surgical kit, b; metal caps snapped on locator abutments and white blocking rings around the abutments, c; replacement of

black inserts with blue nylon inserts



(3440) E.DJ. Vol. 67,No. 4

Fig. (3) measurements of buccal and lingual marginal bone
resorption in the cross-sectional images of the implants.
A; implant abutment connection, B; bone to implant
contact.

RESULTS

One implant failed in each group as a result of
immediate loading (within the first three months)
and flap group and no implant failures occurred in
flapless group resulting in 90% and 100% survival
rate in both groups respectively. The coefficient of
variation for inter-examiner reliability test was .80
which indicate that all measured values of bone
resorption were reliable (table 1).

Comparison of marginal bone loss between
groups and implant surfaces at 6 and 12 months is
shown in table2. For all implant surfaces, the flap
group showed a significantly higher bone resorption
than the flapless group after 6 months (P=.048, .003,
049, and .002 for mesial, distal, buccal and lingual
surfaces respectively) and 12 months (P=.001, .029,
047, and .001 for mesial, distal, buccal and lingual
surfaces respectively). Also, the total marginal
bone loss (occurred in oral implant surfaces) was
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significant higher in the flap group compared to
flapless group (P=.004 and .001 after 6 and 12
months respectively).

For each group comparisons between different
implant surfaces at 6 and 12 months is presented
in the same table. After six months, there was no
significant difference in marginal bone loss between
implant surfaces for flap group. However, for
flapless group, there was a significant difference
between implant surfaces with buccal surface
showed the highest marginal bone loss followed
by distal and lingual surfaces then mesial surface.
There was no significant difference between distal,
lingual and mesial surfaces. After 12 months,
there was a significant difference between implant
surfaces for both groups. For flap group the highest
bone loss occurred at mesial surface followed
by lingual surface then distal surface with two
significant difference. The lowest marginal bone
loss occurred at buccal surface. For flapless group,
the highest bone loss occurred at buccal surface
followed by distal and mesial surface and the lowest
bone loss located at lingual surface. A statistically
insignificant difference (P>0.05) was observed
between the mesial, distal and lingual surfaces.
Multiple comparison between implant surfaces for
both groups at six months and 12 months is presented
in table 1 and in figure 4 and 5 respectively.

Comparison of marginal bone loss between
6 and 12 months for all implant surfaces for flap
group and flapless groups are shown in figure 6
and 7 respectively. For all implant surfaces in both
groups, marginal bone loss after 12 months was
significantly higher than values after six months.
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TABLE (1) Intraclass correlation coefficient of marginal bone loss for both groups

Group 6 months 12 months
Mesial Distal buccal lingual Mesial Distal buccal lingual
ExaminerA vs. B Flap 94 95% 92% 91* 95% 93%* 92% 92%
Flapless 95% 98%* 94 94%* 94%* 95% 94%* 97*
ExaminerB vs. C Flap 97* .89% 93% 95% 93% 98%* 93% .89%*
Flapless 97* .84 92% 96* 99%* 94 92% 89%
ExaminerA vs. C Flap 92% 91* .88%* 94 90* 92% .88%* 91*
Flapless 95% 93%* .86%* 96* 94%* 93% .86* 96*
*P is significant at 5%

TABLE (2) Comparison of marginal bone loss between groups and implant surfaces at 6 and 12 months

Marginal bone loss after 6 months Independent t-test
Flap technique Flapless technique P value
X SD X SD
Mesial 38a 08 25a 05 048*
Distal A8a 21 26a 05 003*
Buccal 36a .13 A7b 21 049%*
Lingual A8a 29 26a 05 002%*
Total 42 20 31 14 004*
One- Way ANOVA .194 006*
Marginal bone loss after 12 months
Mesial 1.05a 52 S58a 21 001*
Distal 93a 24 .66a .16 029*
Buccal .68b 26 .89b 25 047*
Lingual 1.00a 22 S5a 08 001*
Total 91 35 .67 22 001*
One- Way ANOVA 016* 027*

X; mean, SD; standard deviation, *p is significant at 5% level. Different letters in the same column indicated a significant
difference between implant surface (Tukey test<.05), while the same letters show a nonsignificant difference between
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Fig. (6) Comparison of marginal bone loss between 6 and 12
months for all implant surfaces for flap group

DISCUSSION

In this study, bone loss was measured using
cone beam CT instead of conventional periapical
radiography as it provides Three-Dimensional
information regarding bone resorption at labial and
lingual the implant surfaces (in a cross-sectional
images) in addition to mesial and distal surfaces (in
panoramic images). Conversely, the periapical films
are two dimensional which provides information on
mesial and distal bone resorption only.

Also Cone beam CT is easily used with
edentulous patients that had resorption of the ridge
with elevated floor of the mouth which makes
periapical radiographs difficult to perform***. The
use of cone beam CT in evaluation of marginal
bone resorption was previously described in other
studies *-3! . The survival rate was 90% and 100%
survival rate in flap and flapless groups respectively.
The failed implant and flap group was associated
with peri-implantitis, mobility and pus formation.
Failure occurred after implant loading. The implant
was removed and the patient excluded from the
study without affecting the results because the
study was conducted according to “intention to
treat principal”. The cause of the implant failures
in flap group may be attributed to the immediate
loading with increased force transmission to the

Fig. (7) Comparison of marginal bone loss between 6 and 12
months for all implant surfaces for flapless group

implants together with infection that may occur due
to loosening of sutures and premature exposure of
the implant areas.

During healing, excessive micromotion between
the implant and the peri-implant bone can be a
compromising factor®>. For both groups, the mean
marginal bone loss for all implant surfaces did not
exceed 1 mm after one year. This amount of marginal
bone loss is located in the normal range that was
reported in earlier investigations ( less than 1.2mm
in the frist year)™. Despite immediate loading
protocol used in this study may have a negative
effect on marginal bone loss compared to delayed
loading protocol®, the values of marginal bone
loss was located in the normal limit. This could be
attributed to the high initial stability of the implants
(due to the high bone density in the interforaminal
area) and the resiliency of locator attachments which
allow vertical and hinge movement?’-3 %,

The mean bone loss in flap group was
significantly higher than flapless group after six and
12 months. The increased bone loss in flap group
may be attributed to flap elevation, contact with oral
microbial plaque, mucosal stripping, disruption to
the periosteum which interferes with blood supply
to the peri-implant bone compared to flap group**-.

This may reduce oxygen tension and activate
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osteoclast activity that may lead to increased bone
resorption around implants***®. The increased bone
resorption around the flap group may be enhanced
by the immediate loading protocol which cause
increased load on the implants during initial healing
when 2 unsplinted implants are planned to support
immediately loaded mandibular overdentures®.
Moreover, the dual (internal and externa) retention
of locator and limited lateral and hinge movement
“may be responsible for transferring more loads to
the implant, thus increasing bone loss. On the other
hand, the flapless procedure reduced surgical time,
have no sutures, minor or no swelling, with minimal
The bone
covered by the periosteum, which may a positive

postoperative  discomfort. remains
effect on the early bone remodeling process, with
slight changes in marginal bone loss, and improved
clinical, radiographic, and immunologic outcomes
compared with flap procedures*'. In line with our
observation, studies in another systematic review
suggested that implants placed in healed sites with
a flapless approach have better clinical parameters
than the flapped procedure in a short-term follow-
up*. In contrast, the results of other studies suggest
that both flap and flapless surgical approach had no
difference in marginal bone loss despite the fact that
they recommend the flapless approach considering
its benefits'®+.

It is interesting in this study to find that the
buccal surface of the implants is associated with
the lowest marginal bone loss in flap group and the
highest marginal bone loss in the flapless group
after 12 months. The increased bone loss in the
buccal surface in flapless group may be attributed to
the mucosal supported surgical guide was used for
implant placement. The compressibility of mucosa
may cause a shift in implant position during the
osteotomy preparation which is usually unnoticed
as a technique is blind. Considering that mandibular
dentures usually moves in labial direction because of
inclination of occlusal plane, this slight movement
may cause thinning of Labial bone around the
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implant and could be responsible for increased
bone loss and the lingual aspect of the implants.
Conversely, in the flap surgical approach, the bone
is exposed and the surgeon can see the full anatomy
of the alveolar ridge and keep the drill away from
the labial bone. A similar observation was noticed
in another study conducted on immediately loaded
two implant retained mandibular overdentures
with ball attachments*. The authors attributed the
increased bone loss at labial sites to the increased
bone strains. This explanation was in agreement
with another ex vivo study® for immediate loaded
implants supporting overdentures

In this study, the bone loss increased significantly
after 12 months compared to 6 months in both
groups. This may be attributed to bone reaction to
healing and reorganisation and increased occlusal
load was time. This result was not surprising and in
line with several studies that reported a continuous
loss of marginal bone with time

The limitations of this study include the small
patient cohort and the short follow-up period.
In addition, the lack of conventional loading
protocol as a control group is also on the limitation.
Therefore, future randomized controlled clinical
trials are needed to ensure the long-term outcome
of the present study and to compare immediate
loading to conventional loading using both surgical
techniques.

CONCLUSION

Within the limitations of this short-term study,
the following conclusions could be achieved

- The flapless surgical approach is recommended
for implant retained mandibular overdentures

with locator attachments.

- The flapless approach was associated with
reduced marginal bone loss after 12 months of
denture insertion
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