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ABSTRACT

Introduction: Implant retained mandibular overdentures have improved patient satisfaction
and quality of life for completely edentulous patients , that is why it has been the most successful
treatment modality for the edentulous mandible. The optimum number of implants to retain an
overdenture has been debatable, most studies have recommended installing two to four implants
to retain an overdenture. Many authors have reported that three implant retained over denture will
provide sufficient support and stability. Bars, studs, magnets, and telescopic coping are attachments
to be used to retain mandibular overdentures, many factors should be considered during the
selection of the most suitable attachment. Telescopic retainers have offered excellent retention with
a splinting effect in addition to providing superior oral hygiene maintenance. One of the important
criteria determining the success of an overdenture is the even distribution of stresses to the
underlying implants as excessive loads may result in failure of the anchoring implants. Monitoring
of bone height changes is therefore mandatory and is most commonly carried out by standardized
peri-apical X- rays at different follow up intervals. The aim of this clinical trial is to investigate the
effect of the inter-implant distance in a telescopic three implant retained overdenture on the amount
of load transfer to the implants which is clinically interpreted by changes in bone height utilizing
standardized peri-apical x rays.

Materials and methods: Fourteen completely edentoulous patients have been recruited from
the outpatient clinic of the Removable Prosthodontic Department Cairo University. All recruited
patients were seeking implant installation in the edentulous jaw to improve retention of their
mandibular denture. Patients with contra-indication for implant placement were excluded from
the study. All patients received three implants in the mandible in the canine region bilaterally and
in the central incisor area, but the interimplant distance of the installed implants varied in the two
groups of patients. In the first group of patients all implants were installed with an even interimplant
distance of 40mm. While in the second group of patients an uneven distribution of implants with
different interimplant distance, on the right side the implants in the canine area and central incisor
region had an interimplant distance of 15mm, while on the left side the implant in the left canine
region was installed at a 40mm from the implant at the central incisor area. Standardized peri-apical
x rays were used to record changes in bone height for the three installed implants in the two groups
of patients at the different follow up intervals; day of delivery, after 3 month follow up, after 6
month follow up and after 12 month follow up.

*  Lecturer of Removable Prosthodontics. Cairo University
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Results: In both groups of patients there has been a decrease in bone height for all implants after
a 12 month follow up. In the first group of patients there was no statistically significant difference
in the mean bone height changes between the three implants, but the implant in the mid line have
shown the greatest changes in bone height followed by the implant in the left canine and the least
was the implant in the right side. In the second group of patients there was no statistically significant
difference between the two implants in the right side with a 15 mm interimplant distance, while
a statistically significant difference in bone height changes was recorded for the implant on the
left side with a 40mm interimplant distance showing the greatest changes in bone height followed
by the implant in the mid line, and the least was the implant in the right canine. When comparing
the mean bone height changes between the two groups of patients after a 12 month follow up, the
second group of patients have shown a statistically significant decrease in bone height for all of the
three implants, indicating more bone loss encountered in the second group of patients than in the
first group.

Conclusion: The interimplant distance plays an important role in the transfer of stresses to the
anchoring implants, as the interimplant distance increase so will the lever arm and eventually the
moment falling on the implant will also increase, which will lead to bone height changes around
the installed implants. All of the bone height changes in the present study after a 12 month follow
up were within the physiological limit. Within limitations of this clinical trial it is recommended
to install implants with an equal interimplant distance, and avoid implant installation with an

increased interimplant distance. More researches with a larger sample size and longer follow ups
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are recommended to reach to definitive conclusions.

INTRODUCTION

Completely edentulous patients have been
suffering from lack of retention and stability of their
mandibular complete dentures that affected their
ability to carry out a lot of functions and also had
an impact on their appearance that have all led to
a decline in patient satisfaction and quality of life.
Recently implant retained overdentures have been
selected as the first treatment option for completely
edentulous patients especially in the mandibular
arch®> 2, Implant retained mandibular overdenture
have reported greater patient satisfaction,
improvement in speech, mastication and quality of
life when compared with conventional mandibular
dentures®. The main advantages of overdentures is
the reduction in the number of installed implants
using simplified surgical techniques and also
making use of prefabricated attachments have made

the prosthetic phase carried out easily*.

Two to four implant retained mandibular
overdentures have been reported to be a successful

treatment option for the edentulous jaws. Two
implant retained mandibular retained overdenture
have been considered the standard of care
according to the Mc Gill Consensus 20026, and
many studies have reported that two implants
would result in satisfactory retention and support
for overdentures'?’. Some studies have proven
that there is no difference in the clinical and radio
graphical state of patients having two and four
implants installed to retain an over denture®'2.
While on the other hand installation of three or
more implants have improved retention and resulted
in an angular relationship instead of a straight line
relationship®®. In a three implant retained over
denture, the most anterior implant would provide
indirect retention for the overdenture by preventing
the intrusion of the anterior segment of the denture
in a tissue ward direction’3. Many studies!#
have reported the use of three implants, and have
indicated that more than two implants would be
used to retain mandibular overdentures in cases that

would require optimum retention, cases with high
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muscle attachment, prominent mylohyiod ridges
and patients with increased gaging sensation'’.It
could be concluded that the optimum number of
implants required to retain an overdenture in the
mandible is still debatable.

Implant retained overdenture attachments can be
classified into; bars, studs, magnets, and telescopic
copings'™®.The selection of the appropriate kind
of attachment will depend upon many factors;
morphology of the alveolar ridge, high muscle
attachment and specific patient related factors'.
In addition to the amount of retention needed,
mastication, and cost are important factors that
would influence the selection of any attachment.
Telescopic retainers would mainly consist of a
primary and secondary coping. Telescopic retainers
have reported to provide excellent retention resulting
from the frictional fit between the primary and
secondary coping. In addition to the circumferential
relation between the outer and inner copings that
have resulted in better force distribution with axial
transfer of occlusal forces resulting in decreased
torque to the underlying abutments'*?. Telescopic
retainers apart from providing better retentive and
stabilizing properties with a splinting action'*?’ they
also provide excellent oral hygiene maintenance®
it has been stated that telescopic retainers used in
overdentures have been given the name of *“ Perio-
overdentures” due to their excellent accessibility
for cleaning thus preventing the incidence of
hyperplasia and peri-implantitis?'.

One of the parameters that would guide the
success of overdenture prosthesis is the amount of
stresses that are distributed to the implants, as bone
resorption may be stimulated around implants that
are subjected to excessive loads*?. Therefore when
planning for an overdenture the number®, diameter?,
length?, location®, distribution and inclination®
of the implants should be carefully considered.
Many studies®®2226 have reported the ideal
number, location and position of the implants and
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attachments to be used in an overdenture prosthesis
but still this issue seems to be of high controversy.
There is also a lack in research concerning the
influence of the inter-implant distance on the load
transfer to the implants.

One of the long term clinical evaluation of
the implants used to support an overdenture is
monitoring of the marginal bone level around the
implants. Changes in marginal bone levels that
are beyond the physiologic limits would result in
loss of bone height around the anchoring implant.
Bone loss of around 1.5mm after the first year
of loading with an additional 0.2mm amount of
bone loss per year is considered to be within the
physiologic limits*”?. The evaluation of changes
in bone height around the implants can be carried
out by comparing standardized peri-apical x -rays at
different intervals.

The aim of this clinical trial is to investigate the
effect of the inter-implant distance in a telescopic
three implant retained overdenture on the amount
of load transfer to the implants which is clinically
interpreted by changes in bone height utilizing
standardized peri-apical x rays.

MATERIALS AND METHODS

Fourteen completely edentulous patients were
recruited from the outpatient clinic of Removable
Prosthodontics Cairo University. All patients
recruited were seeking to install implants in
their lower jaw, and have to meet the following
inclusion criteria: age ranging from 50 to 69 years
old, patients should have no contra-indication for
implant installation, all patients should perform a
glycosylated hemoglobin analysis and only up to 8
were included in the study. All patients had to sign
an informed consent before the start of the study,
and have to comply with the assigned follow-ups.
Patients with any contraindications for implant
placement or those who didn’t comply with the
follow ups were excluded from the study.
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All patients included had maxillary and
mandibular complete dentures fabricated following
the conventional steps, after a period of 6 weeks
adaptation, all patients were ready for implant
installation. The lower denture was duplicated into
a radiographic stent, having radio-opaque markers
in the areas of implant installation. All patients had
a CBCT x ray wearing the radiographic stent, to
allow for proper implant planning and to visualize
the height and width of the osteotomy site. The
radiographic stent was then modified to a surgical
stent by making a tunnel corresponding to the site
of implant installation.

All Patients in this study received three implants
in the lower jaw, in the first group of patients the
implants were installed in the canine area bilaterally,
and one implant in the mid line, which was slightly
anterior to the two distal implants giving a tripod
distribution. The distance between the three
implants was 40mm. While in the second group of
patient, the implants on the right side were installed
in the canine area, and in the central incisor area
having an interimplant distance of 15mm, while the
third implant was placed in the first premolar area at
a 40mm distance from the central incisor area. All
patients were randomly divided into two groups by
using sealed envelopes during implant installation.
All of the implants in both groups were installed
using the surgical stent with accurate measurement
of the inter-implant distance.

At the day of surgery all patients were instructed
to take 2gm of amoxicillin 2 hours before surgery.
All implants used in this study was Implant Direct”,
of width 3.7mm and length 11.5mm, drilling was
carried out following the implant manufacturer
instructions. Suturing was then carried out, and the
patient denture was modified using a soft liner at the
day of surgery, patients were recalled after 7 days
for suture removal.

A delayed (conventional) loading protocol was
followed in this study and all patients were recalled
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after 3 month from implant installation for a second
stage surgery, healing abutments were screwed and
left for ten days for proper healing.

After proper healing, a lower primary impression
was made using alginate impression material, and a
stone cast was poured identifying the areas of the
healing abutments. Corresponding to the areas of
healing abutments, three layers of pink wax was
placed over each healing abutment to simulate
the height of the transfer coping. A special tray
was then fabricated having an increased height
anteriorly (height of the pink wax) to accommodate
for the transfer copings during impression making.
The healing abutment was removed and a transfer
coping was screwed to all implants in both groups
of patients. A closed tray impression was made for
all patients, using a medium impression material™,
and then the implant analogue was screwed to
each transfer coping and the tissue mimic material
was injected around each implant and the cast was
poured into an extra hard stone cast.

The transfer copings were then removed and
the abutments were screwed to each implant. All
abutments were being milled to be parallel to each
other using a milling machine. Over each abutment
a secondary coping was fabricated by building up
of a layer of wax having the same shape of each
abutment, and then this wax built up was casted into
chrome-cobalt.

The primary coping in this study was considered
to be the abutment, and the secondary coping was
made of chrome-cobalt. The abutments were then
screwed in the patient’s mouth, and the secondary
coping was checked for proper seating and placed
on top of the abutment (Fig 1 A &B). The patient’s
denture in both groups were modified by drilling
three holes corresponding to the site of the abutment
with the secondary copings. A soft mix of self-cure
acrylic resin placed through the three corresponding
holes and the patient was asked to bite in centric
relation. After setting of the self-cure acrylic resin,

* Screw plant Implants, Implant direct TM LLC Spectra- system Dental implants , 27030 Malibu Hills , USA
** ImpregumTM ,PentaTM , 3M ESPE, Poly ether impression material, Seefeld, Germany.
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Fig. (2) Fitting surface of the denture after pick up

the three chrome-cobalt secondary copings were
embedded in the fitting surface of the denture
(Fig 2). The lower denture was polished, and then
the patient was recalled after 3 days to check for any
pressure areas or any adjustment in occlusion.

At the day of prosthesis delivery standardized
peri-apical x-rays were recorded for both groups
of patients. Standardized peri-apical x rays were
carried out using the parallel technique, by using
the bite block of the Rinn XCP set”. Rinn XCP set
consists of a bite block (film holder) and an extra-
oral collimator ring that is parallel to the film holding

* Rinn XCP manufactures C. Ligin, III, USA.
** Ghenesyl addition silicone impression material, Italy.
*##* Digora computerized system, Helsinki, Finland.

plane of the x -ray film holder. The bite block is
used to hold the sensor (film), and the extra-oral
collimator ring is used to direct the cone. Addition
silicon impression material™ was placed on the
top and bottom of the bite block (Fig 3a), and the
patient was asked to bite on the bite block resulting
in an index that was securely attached to the bite
block (Fig 3b). Each patient has his own bite block
which was saved in his file. The Digora software™”
was then used to measure bone height changes on
the mesial and distal surface of each implant.

The Digora software was then used to measure
bone height changes on the mesial and distal surface
of each implant. The implant in the peri-apical
x ray was calibrated by drawing a line from the
junction of the implant and abutment to the apical
end of the implant, this line was the calibration line
corresponding to the implant real length which was
11.5mm. After the implant was calibrated, a line
was drawn on each implant surface; at the mesial
and distal surface starting from the first implant
thread to bone contact to the apical implant thread
to bone contact. The line drawn would correspond
to the bone height on each surface (Fig 4 a,b). Two
blinded operators have carried out the assessment
of bone height changes in order to have accurate
results.



(2826) E.DJ. Vol. 63, No. 3

Nouran Abdel Nabi

Fig. (4) A) Three implants on the per apical x ray film. B) bone height changes on each surface.

Bone height changes were recorded at the day
of delivery, after 3 month, then after 6 month and
finally after 12 month from delivery (loading).

RESULTS

The mean and standard deviation values were
calculated for each group in each test. Data were
explored for normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests. Data showed normal
distribution (Parametric).

Independent sample t-test was used to compare
between two groups in non-related samples.
Repeated measure was used to compare between
more than two groups in related samples. Paired
sample t-test was used to compare between two

groups in related samples. One-way ANOVA was
used to compare between more than two groups in
non-related samples.

The significance level was set at P < 0.05.
Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows.

When comparing the mean bone height changes
between the three implants; Right canine (R3),
Mid line implant, and the Left canine (L3), in
each group at the different follow up intervals; at
delivery, after 3 month, after 6 month and after 12
month from implant loading it was found that in
the first group of patients there was no statistically
significant difference with in bone height changes
between the three implants in each of the follow up
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interval. In the first group of patients the mean bone
height has declined for all three implant during all
of the different follow ups recording 9.88mmx=+ 0.08
for implant R3 at the day of delivery, and for the
implant at the mid line was 9.2mm= 0.46, and for
implant L3 it was recorded to be 9.77mmz+ 0.12
at the day of delivery, while after 12 month follow
up, implant R3 mean bone height has decreased to
9.5mmz=0.25 where p=0.114 showing no significant
difference when compared to the different follow
up intervals, and the bone height for the implant
at the mid line decreased to 8.67mmz+ 0.32 with a
non-statistically significant difference between the
different follow ups with p=0.113, and L3 showed
also a decrease in bone height to 9.2mm=+ 0.50
and a non-significant difference of p=0.230. This
all indicating that most of the bone changes have
occurred around the implant in the mid line, as it
has recorded the greatest decrease in bone height
measurements when compared to implant R3 and
L3. (Table 1)

While in the second group of patients when
comparing the mean bone height changes between
the three implants at the different follow up intervals,
it was found that there was no statistically significant
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difference between implant R3 and the implant
at the mid line, while a statistically significant
difference in the mean bone height changes was
found when comparing that of implant R3 and the
implant in the mid line, with implant L3 thought out
all of the different follow up intervals. At delivery
the mean bone height of implant R3 and the implant
in the mid line was; 8.18mm= 0.20, and 8.13mmz=+
0.21, with a non-significant difference of p=0.971.
while for L3 the mean bone height was 7.47mm=+
0.35 with a statistically significant difference when
compared to Implant R3 and the implant at the mid
line with a p=0.027 at the day of delivery. After
the 12 month follow up the mean bone height has
decreased in implant R3 to 7.83mm= 0.15, and for
the implant in the mid line the mean bone height
has also decreased to 7.58mmz+ 0.34 with also a
non-statistically significant difference in mean bone
height changes between implant R3 and implant at
the mid line having p=0.591. At implant L3 bone
height has greatly shown a decrease to 6.9mmz+
0.36, indicating a significant bone height change
that mostly have occurred around the most distal
implant L3, showing a statistically significant
difference of p=0.021 when comparing the mean
bone height changes to both implants R3 and that at
the mid line (Table 1).

TABLE (1) The mean, standard deviation (SD) values of bone height changes in implants within each group

for each time period.

Bone height Changes
Group 1 Group 2
Variables At deliver After 3 After 6 After12 | o After 3 After 6 After 12
y months months months y months months months
Mean | SD |Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
. R3 9.88* [0.08)9.7710.12| 9.69* |0.16| 9.532 | 0.25| 8.18* [0.20| 8.07* |0.15| 7.99* [0.12| 7.83* |0.15
implant
. Mid 920 (046|905 (048 | 887+ |045| 8.67* [0.32| 8.132 [0.21| 798 |0.13| 7.83*[0.40| 7.58% [0.34
implant
. L3 9.77* 10.12] 9.60% | 0.17 | 9.52* |0.45| 9.27* | 0.50 | 7.47° |0.35| 7.25® {040 | 7.02° [ 0.36 | 6.90° | 0.36
implant
p-value 0.050ns 0.062ns 0.082ns 0.072ns 0.027* 0.015* 0.020%* 0.021%*

Superscripts with different capital letters indicate statistically significance difference within the same column.

*; significant (p=< 0.05)  ns; non-significant (p>0.05)
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When comparing the mean bone height changes
for each of the three implants between the two
group of patients at the different follow up intervals,
it was found that there was a statistically significant
difference in the mean bone height changes between
the two groups of patients, in the second group of
patients a greater decrease in the mean bone height
changes was recorded for all three implants in all of
the different follow up intervals when compared to
the first group of patients.

For implant R3, there was a general decrease in
the mean bone height in both groups during all of the
follow up intervals. When comparing both groups
of patients, the second group have shown a greater
statistically significant decrease in mean bone
height changes p<0.001 during all of the follow up
interval when compared to the first group of patient.
In the first group of patients, the mean bone height
recorded at the day of loading was 9.88mmz= 0.08,
then declined to 9.77 + 0.12 after 3 month follow
up, then 9.69 + 0.16 after 6 month follow up, and
9.53mmz= 0.25 after a 12 month follow up. The
mean amount of mean bone loss during the 12 month
follow up was 0.35mm (9.88mmz= 0.08 - 9.53mm+
0.25). While for the second group of patients the
mean bone height was measured at delivery to be
8.18mm= 0.20, then after 3 and 6 month follow
up it was recorded to be; 8.07 £ 0.15, 7.99 + 0.12
while after 12 month follow up it have shown a
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decrease to be 7.83mmz 0.15, when comparing
between the mean bone height recorded at delivery
and after 12 month follow up, the amount of bone
loss was calculated to be 0.35mm. For implant R3
the mean amount of bone loss was equal in both
groups recording 0.35mm after a 12 month follow
up, despite that a statistically significant difference
in mean bone height changes was shown to be
present during each follow up interval between the
two groups of patients for the 12 month follow up
(Table 2).

For the implant at the mid line, the mean bone
height changes have declined in both groups thought
out the different follow up intervals, showing a
statistically significant difference between the first
and second group at the day of delivery and after
3 month follow up p=0.021, while after 6 month
follow up p=0.042, and after 12 month follow up
p=0.016. In the first group of patients the mean
bone height have shown a decrease during all of the
follow up intervals recording 9.20+0.46 at the day
of delivery, reaching 9.05+0.48 and 8.87+0.45 after
a 3 and 6 month follow up. After a 12 month follow
up the mean value of bone height was recorded
as 8.67 + 0.32, so when calculating the amount
of mean bone loss during the 12 month follow up
period it was 0.53mm (9.20+0.46 - 8.67+0.32).
While for the second group of patients mean bone
height have shown a decrease during all follow

TABLE (2) The mean, standard deviation (SD) values of bone height changes in different groups of right

canine implant within each time period.

Bone height changes
Right canine implant (R3)
Variables
At delivery After 3 months After 6 months After 12 months
Mean SD Mean Mean SD Mean SD
Group 1 9.882 0.08 9.77¢2 0.12 9.69 0.16 9.53¢ 0.25
Group 2 8.18° 0.20 8.07° 0.15 7.99° 0.12 7.33" 0.15
p-value <0.001%* <0.001°%* <0.001* 0.001%*

Superscripts with Different capital letters indicate statistically significance difference within the same column.

*; significant (p=< 0.05) ns; non-significant (p>0.05),
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up intervals; at delivery it was 8.13 + 0.21, after
3 month it recorded 7.98 + 0.13, after 6 month a
value of 7.83 + 0.40 and reached after 12 month
follow up a value of 7.58 + 0.34. The mean amount
of bone loss during the 12 month follow up was
0.55mm. Thus when comparing the mean amount of
bone loss between the two groups it was found that
a greater amount of bone loss was recorded in the
second group 0.55mm when compared to 0.53mm
in the first group (Table 3).

For Implant L3, in both groups of patients bone
height changes have recorded a decrease with a sta-
tistically significant decline in the second group of
patients when compared with the first group during
the different follow up intervals, having p<0.001
at the day of delivery, and p=0.001 after 3 month
follow up, and after 6 month p = 0.002, and reach-
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ing p=0.003 after a 12 month follow up. In the first
group of patients mean bone height was recorded to
be 9.77 + 0.12 at delivery, then decreased to 9.60
+ 0.17 after 3 month follow up, and then reaching
9.52 £0.45,and 9.27 = 0.50 after a 6 month and 12
month follow up. The mean amount of bone loss
throughout the 12 month follow up was recorded to
be 0.50mm. While for the second group of patients
the mean bone height has recorded a decrease dur-
ing all intervals recording 7.47 + 0.35,7.25 + 0.40,
7.02 +0.36, 6.90 + 0.36 respectively at the day of
delivery, after 3 month, after 6 month and after 12
month. So the mean amount of bone loss after a 12
month follow up was recorded to be 0.57mm. So
when comparing the mean amount of bone loss be-
tween the two groups the second group of patient
have recorded a greater amount of bone loss 0.57mm
compared to 0.50mm in the first group (Table 4).

TABLE (3) The mean, standard deviation (SD) values of bone height changes in different groups of mid line

implant within each time period.

Bone height changes
Mid line implant
Variables
At delivery After 3 months After 6 months After 12 months
Mean SD Mean SD Mean SD Mean SD
Group 1 9.20° 0.46 9.05¢ 048 8.87¢ 045 8.67¢ 0.32
Group 2 8.13° 0.21 7.98° 0.13 7.83° 040 7.58° 0.34
p-value 0.021* 0.021* 0.042% 0.016*

Superscripts with different capital letters indicate statistically significance difference within the same column.

*; significant (p= 0.05) ns; non-significant (p>0.05),

TABLE (4) The mean, standard deviation (SD) values of bone height changes in different groups of left

canine implant within each time period.

Bone height Changes
Left canine implant
Variables
At delivery After 3 months After 6 months After 12 months
Mean SD Mean SD Mean SD Mean SD
Group 1 9.77* 0.12 9.60° 0.17 9.52% 045 9.27% 0.50
Group 2 747° 0.35 7.25° 040 7.02° 0.36 6.90° 0.36
p-value <0.001* 0.001* 0.002* 0.003*

Superscripts with different capital letters indicate statistically significance difference within the same column.

*; significant (p= 0.05)

ns; non-significant (p>0.05).
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From all of the above results it could be shown
that the three implants in the second group of
patients have recorded greater significant bone
height changes in all of the follow up intervals when
compared to the first group of patients (figure 5).

Bone height loss
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Fig. (5): Bar chart representing bone height changes in different
groups of all implants within each time period.

DISCUSSION

Mastication forces and excessive loads would
result in biomechanical complications that may
eventually lead to failure of the installed implants*>2.
The number and location of the implants supporting
an overdenture may vary but is of importance
when considering the distribution of forces to the
underlying implants. Many studies have proven
that three or four implant retained overdenture is
a successful treatment option for the edentulous
mandible. Installation of more than two implants in
the edentulous mandible would result in an angular
relation rather than a straight line relationship
between the implants, as the most anterior implant
would prevent intrusion of the anterior part of the
denture in a tissue ward movement'®. This would
explain the results of our present study, in the first
group of patients where the implants were placed
with a fixed inter-implant distance of 40mm, and
the implant installed in the mid line was more
anterior to the two distal implants resulting in
tripod distribution, this implant in the mid line have
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recorded the greatest decrease in mean bone height
changes after a 12 month follow up, as it have shared
a greater part of the forces than the other two distal
implants, due to the intrusive forces that was falling
on this implant to prevent the tissue ward movement
of the anterior part of the denture.

One of the most important criteria for the suc-
cess of any prosthesis is the even distribution of the
stresses to the underlying implants or abutments.
The mode of load transfer and stress distribution has
been proven to be in direct relation to the distance
from the point of loading™®. A study have concluded
that the implant closer to the load application will
primary absorb most of the load®'. Based on this as-
sumption the most distal implant on each side acts
as a fulcrum therefore the amount of force is magni-
fied by the length of the cantilever which acts as a
lever®. So the forces exerted on the implant is esti-
mated according to the lever relationship as follows;

The above diagram (Fig 6) would help to
interpret the results of the present clinical trial. In
the first group of patients all implants have shown a
decrease in bone height indicating an amount of bone
loss after a 1 year follow up, with no statistically
significant difference between the three implant in
the all of the different follow up intervals, and the
implant in the mid line showing the greatest bone
loss when compared to the more distal implants. An
explanation for this result is that the inter-implant
distance has been fixed to all implants which is
equal to 40mm, so the length of the lever arm has
been constant and so the moment on either side of
the point of rotation have been counter balanced
by the implant in the mid line, which has received
intrusive forces resulting in greater bone height
changes when compared to the two distal implants.

When evaluating the mean amount of bone loss
after a 12 month follow up for the first group of
patients it was found that the greatest amount of
bone loss was found in the implant in the mid line
0.53mm, followed by the implant in the left canine
0.50mm, and the least was in the implant in the
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Fig (6): Showing the balance of forces using an example of
a fulcrum. Force (FL) and counter force (FK) are in
balance if the moment given by the force (FL) times
a lever arm (a) is identical to the moment given by the
counterforce (FK) times the lever arm (b). The sum of
forces is equal to zero and the moment on either side
of the point of rotation DP is counterbalanced (load
force FL X lever arm a= force FK x lever arm b).The
most distal implant receives intrusive force FL+FK,
while the next implant receives extrusive forces FK.
(Book of removable partial dentures on osseointegrated
implants)33

right canine 0.35mm. The reason for this is that the
implant in the mid line has shared a great part of the
load so resulted in the greatest amount of bone loss
when compared to the two other implants. While
when comparing the right and left canines, they are
both considered to be terminal abutments and the
intrusive forces (FL+FK) falling on them would be
influenced by the distance from load application
and by the stresses transmitted from the telescopic
retainer during prosthesis movement. The only
explanation that the implant at the left canine was
subjected to more bone loss than the implant at
the right canine, may be patients had a tendency to
chew more on the left side than the right side so
the implant being closer to the load received more
stresses thus experiencing more bone loss?!.

In the second group of patients the implants
on the right side were installed in the canine area
and the central incisor area having an interimplant
distance of 15mm, while the implant on the left

(2831)

side was installed at an inter-implant distance of
40mm from the central incisor area, all telescopic
retainers were of the same design as in the first
group of patients. All implants in this group of
patients have shown a decrease in bone height,
implants with an inter-implant distance of 15mm
have shown no significant difference in the bone
height changes while the implant on the left side
with an interimplant distance of 40mm have shown
the greatest decrease in bone height changes with a
statistically significant difference when compared to
the implants of a 15mm inter-implant distance. The
reason for such results is that the implant with the
greatest inter-implant distance have resulted in an
increase in the length of lever arm and this terminal
implant would receive intrusive forces (FL+FK)
as shown in the diagram above (Fig 6), so as the
lever arm length increases this would consequently
result in an increase in the moment load falling on
the implant as moment load = force magnitude x
moment arm®?, this would result in bone height
changes after a one year follow up. While on the
right side the interimplant distance is smaller 15mm
compared to that on the left side 40mm, so the
moment of forces falling on the implants on the right
side will be smaller due to a decrease in the length
of lever arm than that on the left side, resulting in
less bone height changes compared to the implant
on the left side with a 40mm inter-implant distance.
That would also clearly explain the reason that the
mean amount of bone loss after a one year follow
up in the second group of patients was greater in
implant on the left side (0.57mm), followed by the
implant in the mid line (0.55mm) and the least was
the terminal implant on the right side (0.35mm).

When comparing between the three implants in
the two group of patients there was a statistically
significant difference in bone height changes for all
implants after a 12 month follow up period, with a
more significant decrease in the mean bone height
in the second group of patients indicating more bone
loss when compared to the first group of patients.
The reason for this will be probably because of the
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difference in the interimplant distance between the
implants in the two groups which have influenced
the transfer of stresses, as the implants in the second
group were not distributed evenly, this will increase
the length of the lever arm, as the lever arm increases
so will the moment directed to the implant increase
as well, this increase in moment was interpreted as
greater decrease in bone height and so more bone
loss. An invitro study carried out by Tokar et al
2017* have concluded as the interimplant distance
between the implants decreased, this will decrease
the stresses falling on the installed implants.
Another explanation of the greater decrease in bone
height changes in the second group of patient when
compared to the first group of patients is that in the
second group of patients, the uneven distribution
of installed implants with the varied interimplant
distance have resulted in a smaller AP spread
,when compared to the first group of patients which
has an equal interimplant distance with a tripod
distribution. The greater the AP spread between the
center of the most anterior implant and the most
distal aspect of the posterior implant the smaller the
resulting loads on the implants from cantilevered
force because of the stabilizing effect of the antero-
posterior distance®.

The amount of bone loss in this clinical trial
after a one year follow up is considered to be within
the physiologic limit, indicating no excessive forces
directed to the implants, as following the criteria of

successful osseointegration®-?

of having 1.5mm of
bone loss within the first year of loading and the
greatest amount of bone loss in the present study

was recorded to be 0.57mm.

A conclusion could be drawn from the results of
this study , that the interimplant distance will play
an important role in the transfer of stresses to the
implants, an even distribution of implants with a
fixed interimplant distance have proven to transfer
less stresses to the underlying implants when
compared to uneven interimplant distance. Within
limitations of this study the uneven distribution of

Nouran Abdel Nabi

implants resulted in a more significant amount of
bone loss around the three installed implants when
compared to the even interimplant distribution,
despite the fact that the mean amount of bone loss
was within the acceptable physiologic limit in both
groups.

The literature doesn’t provide enough evidence
concerning the influence on the interimplant
distance on the transfer of stresses, thus to reach
to a more definitive conclusions more researches
should be carried out with a greater sample size and
longer follow up periods.
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