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ABSTRACT

Purpose of the study: The aim of the present study was to investigate the marginal bone
height changes around maxillary and mandibular implants supporting all on four fixed detachable
prosthesis after one year follow up

Materials and methods: six completely edentulous patients (4 males and 2 females) received
new conventional maxillary and mandibular dentures and were asked to wear them for 3 months
to enhance adaptation. Four implants were inserted in the maxillary (between the nasal sinuses)
and mandibular (between the mental foramina) arch of each patient according to the All On four
protocol. Implants were immediately loaded with provisional dentures after connection of multiunit
abutments, and after 3 months of osseointegration temporary dentures were replaced by fixed
ceramo-metal prosthesis. Vertical marginal bone loss (VBL) was evaluated at the time of fixed
hybrid prosthesis insertion, 6 and 12 months later using standardized peri-apical radiographs.

Results: Maxillary anterior implants recorded significant higher VBL (P < 0.005) than
mandibular implants after 6 months and 12 months of prosthesis insertion. Also, the maxillary
anterior implants showed significant VBL (P < 0.005) than the posterior implants. For the posterior
implants, no significant difference in VBL was observed between the maxillary and mandibular
implants. For the mandibular implants, no significant difference in VBL between the anterior and

posterior implants was observed.

Conclusion: Within the limitation of this short-term study, taking the small patient cohort into
account, it could be concluded that maxillary anterior implants supporting all on four fixed hybrid
prosthesis are at increased risk for marginal bone loss compared to maxillary posterior implants or
mandibular implants.
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INTRODUCTION

Implant supported prosthesis is considered
a viable option for edentulous patients'. For
those patients several types of implant supported
prosthesis are available including; fixed prosthesis,
implant overdentures, and hybrid fixed (detachable)
cantilevered dentures?.

The “All
rehabilitation of edentulous patient has gained

on four” implant concept for
popularity in the last decade®. The concept includes
installing 2 implants in the canine or lateral incisor
positions parallel to each other’s and vertically in
the mandible or slightly inclined labially in the
maxilla. The posterior implants are inclined distally
to make an angle of 30-45° from the vertical planes.
In the mandible, the posterior implants are placed
just anterior to the mental foramen and in maxilla,
the posterior implants are placed just anterior to the
maxillary sinuses. The concept has several merits
such as: 1) reduction of the necessity to used bone
grafting augmentation or nerve repositioning in the
mandible or use sinus left procedure in the maxilla,
thus it is suitable for medically compromised
patients with reduced morbidity, 2) immediate
loading of the implants, immediate restoration of
mastication and esthetics by the provisional acrylic
dentures , 3) cost effectiveness due to reduction
of the number of used implants>®, 4) Placement
of longer posterior implants due to tilting of the
implants which increase surface area and bone to
implant contact, 5) wide implant support which
allow placement of short distal cantilevers, and
6) reduction of the duration of the treatment (time
saving procedure)’-®

Mal6 et al ¢ found a high cumulative implant
and prostheses survival rates (96.7% and 98.2%)
that can be compared to the conventional two-stage
protocols’ and conclude that the “All-on-Four”
immediate-function concept is a viable concept.

Despite these several advantages, the concept
has some drawbacks. The perfect parallelism and
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the same vertical height of the implants are difficult
to perform. Moreover, the total passive fit between
the superstructure and the implants is difficult to
be achieved which may cause harmful tensile,
compressive, and bending forces that may result
in increased marginal bone loss or even affection

10-12° "There is evidence from in

of osseointegration
vitro reports that there are stresses found around the
tilted distal implants which depend on the angulation
and that this may affect crestal bone remodeling'?.
However, in the majority of All-on-4 studies,
peri-implant bone resorption is not sufficiently
reported or not reported at all since these studies
are concerned with evaluation of implant and/or

prosthesis survival rate'.

Accordingly, the aim of the present study was
to investigate marginal bone height changes around
maxillary and mandibular implants supporting
All on four fixed prosthesis after one year follow
up. The null hypothesis was that there will be no
significant difference in marginal bone loss between
maxillary and mandibular implants.

MATERIALS AND METHODS

Patient cohort

Six patients (4 males and 2 females- average age
of 58 year) with completely edentulous maxilla and
mandible who suffered from insufficient retention
and stability of their maxillary and mandibular
conventional dentures and desire a fixed detachable
prosthesis were selected from the outpatient clinic
of the Prosthodontic Department. The inclusion
criteria include: 1) Sufficient bone volume and
quality in the interforaminal area of the mandible and
between the maxillary sinuses to allow installation
of 4 implants of at least 11 mm in length and 3.7mm
in width, 2) last extraction performed at least one
year ago, 3) normal maxillomandibular relationship
(class I angle classification), and 4) adequate inter-
ridge space to allow fabrication of maxillary and
mandibular prosthesis. The participants who had
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one of the following criteria were excluded: 1)
systemic disease that preclude surgical procedure
for implant placement as liver, heart and renal
diseases, 2) chronic use of steroids, 3) metabolic
bone diseases that affect osseointegration such as
diabetes, osteoporosis and hyperparathyrodism and
4) radiation therapy to head and neck region. All
patients signed approval consent to be included in
the study with regular attendance of periodic recalls.
The study was conducted according the guidelines
of Helsinki Declaration for ethics in clinical trials
and approved by the Faculty ethical Committee.

For all
mandibular conventional dentures were made and

participants, new maxillary and
worn for 2 months to enhance muscle adaptation
before implant insertion. The occlusal concept
used in denture fabrication was bilateral balanced
occlusion. After 2 months of adaptation, gutta
perchae markers were added to the polished
surfaces of the dentures (at least 6 markers buccally
and lingually/palatally). Each participant underwent
a cone beam computerized tomography scan” while
the patient wearing the dentures with the radiopaque
gutta perchae markers. Another CBCT scan of the
denture a lone was made. The dual scan protocol
was used. The data were overlapped using the
accompanying software™ and the reformatted
images were used to produce 3D image of each jaw
and the images were stored on a compact disc. The
implants were virtually placed according to the “All
on four” implant protocol**. The anterior implants
were placed in the canine/lateral incisor area of
each jaw and posterior implants were distally tilted
30° from the vertical plane (anterior to the mental
foramen in the mandible and anterior to maxillary
sinuses in the maxilla) to emerge in the region of
mesial cusp of the first molar artificial teeth. This
arrangement allows shorten cantilever length,
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and increases anteroposterior spread'>. A mucosal
supported  stereolithographic  surgical guide
(figl) was constructed using rapid prototyping
technology™.

The posterior 2 implants were installed firstly.
Four implants™*
region of the mandible and between the maxillary
sinuses using the flapless surgical technique. For
accessibility, mandibular implants were inserted
first, then maxillary implants. The sterolithographic
template was fixed to the ridges using fixation pins.
The drilling was made using the In2Guide surgical
sleeves and drills (fig2).

were placed in the interforminal

Fig (2) The In2Guide universal surgical kit

* (CBCT, i- CAT Vision®, Imaging Sciences International, Hatfield, PA, USA)

** OnDemand V3
*##*% In2Guide universal surgical kit
##%* TioLogic, Dentaurum, Germany
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The implants were placed with at least 35 Ncm
torque to allow immediate implant loading. Straight
multiunit abutments were used for mandibular
anterior implants, 17° multiunit abutments were used
for anterior maxillary implants and 30° multiunit
abutments were used for posterior maxillary and
mandibular implants (fig 3).

Implants were immediately loaded by existing
maxillary and mandibular dentures after hollowing
the dentures opposite to the abutments. The flanges
of the dentures, the palate of maxillary denture
and second molar teeth were removed. Temporary
titanium cylinders were attached to the multiunit
abutments and picked up to the modified dentures
using auto polymerized acrylic resin. The occlusal
contact between the maxillary and mandibular
first molar teeth were eliminated. Postoperative
medications include antibiotics and anti-
inflammatory medications were prescribed 5-10
days post surgically. Participants were informed to
eat soft diet, instructed for oral hygiene procedures
and informed to attend regular follow-up visits to

perform denture adjustments.

Five months after integration period

osseointegration, the abutment level open tray
were connected to the

impression transfers
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abutments and open tray impression was completed
using Light rubber base impression material”. The
analogues were screwed to the copings then the
impression was poured. Plastic caps were screwed
Each
patient received maxillary and mandibular screw-

to the abutment analogues on the cast.

retained metal-ceramic fixed detachable prostheses
(fig 4). The bridge was virtually planned using the
accompanied software. The final prosthesis had 12
teeth. Patients were scheduled for follow-up every
3 months up to 1 year for necessary adjustments.

Estimation of marginal bone level changes

The evaluation of changes in the marginal
bone was made using a periapical radiograph
taken regularly in the follow up visits at time of
denture delivery, 6 months and 12 months after
denture delivery. Radiographic evaluation was
made using the digital imaging system™. Rinn®
XCP film holder™ was used for film fixation at a
specific constant distance from the implant during
the subsequent film exposures for standardization
purposes. This was made to avoid the effect of
changing the distance from the implant or the source
of radiation on accuracy of image dimensions. The
acquired images were stored on CD. The Digora

software that was also supplied by the imaging

Fig. (3) Mandibular and maxillary multiunit abutments in place

* Speedex, Colten/Whaledent Inc, Cuyahoga Falls, Ohaio

** Digora Optime, Orion Corp./Soredex
*#% Dentsply, Elgin, IL, USA
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Fig. (4) Mandibular and maxillary fixed detachable prosthesis in place

system on the CD and was used to trace the digital
images. Vertical bone height changes were measured
as the distance between implant platform (IP) and
first bone/implant contact (BI) (fig 3).

The Implant length and width was used to com-
pensate for magnification or minification errors to
obtain actual values of marginal bone height. Inde-
pendent researcher performed all radiographic mea-
surements after sufficient instructions and calibra-
tions to reduce inter-examiner errors. Three read-
ings were made by the same examiner on the same
day for each image and the mean was subjected to
statistical evaluation. The vertical distance IF-BI
was evaluated 6 months and 12 months after inser-
tion and the values were subtracted from the IF-BI
at time of prosthesis insertion to obtain vertical bone
loss at 6 and 12 months respectively'®!”. Mesial and
distal vertical bone loss were calculated. The differ-
ence between mesial and distal values were tested
by Wilcoxon signed-rank test without significant
difference obtained (p>.05). Therefore, mesial and
distal values were averaged and the mean was used
to represent vertical bone loss for each implant. The
measurement was done on patient level and not on
implant level to avoid clustering effect.

Statistical analysis

SPSS software version 22 (SPSS Inc.) was used
to analyze the data with the level of significance was

Fig. (5) Vertical bone height changes using the software

set at .05. The non-parametric tests were used for
evaluation of the collected data since the data did
not met the normal distribution. Wilcoxon signed
ranks test was used to detect significant difference
in vertical bone loss between the two observation
periods. Mann Whitney test was used to compare
bone loss between maxillary and mandibular im-
plants and between anterior and posterior implants.

RESULTS

The intention to treat principle was followed
in this study. One patient could not complete the
analysis and was excluded from the study due
to failure of 2 maxillary anterior implants. The
survival rate of mandibular implants was 100%
and no implant failure occurred. The survival rate
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of maxillary implants was 91.6%. The implant
was consisted survived when it was still in place,
meet success criteria suggested by Albrektsson et
al' (no mobility, no signs of parathesia, regardless
peri-implant bone loss). No significant difference
in implant survival between groups was noted (Log
rank test, P=.153).

Comparison of VBL between 6 and 12 months
with maxillary and mandibular jaw for anterior and
posterior implants is presented in table 1 and 2. For
anterior implants of maxillary and mandibular jaws,
VBL after 12 months was significantly higher than
VBL after 6 months (p<.003). For posterior implants
of maxillary and mandibular jaws, no significant
difference in VBL between 6 and 12 months were
observed.

Comparison of VBL between maxillary and
mandibular implants after 6 and 12 months for
anterior and posterior jaws is presented in table 1
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and 2. For anterior implants, maxillary implants
recorded significantly higher marginal bone loss
than mandibular implants after 6 months (p<.001)
and 12 months (p=.005) of prosthesis delivery.
For posterior implants, no significant difference
in marginal bone loss between maxillary and
mandibular implants was observed after 6 months
and 12 months of prosthesis delivery.

Comparison of VBL between anterior and
posterior implants in both jaws after 6 and 12
months of prosthesis delivery are presented in fig 3
and 4 respectively. For mandibular implants, there
was no statically significant difference in VBL
between anterior and posterior implants after 6
months (p=.12) and 12 months (p=.15) of prosthesis
insertion. For maxillary implants, anterior implants
showed more significant VBL than posterior
implants after 6 months (p<.001) and 12 months
(p<.001) of prosthesis insertion.

TABLE (1) Vertical bone loss around anterior implants for maxillary and mandibular jaw after 6 months and

12 months of prosthesis insertion

Wilcoxon signed
6 months 12 months
ranks (p value)
med Min max med Min max
Mandibular jaw .10 .10 1.70 20 06 3.13 001*
Macxillary jaw 1.28 .88 2.18 1.78 78 2.28 002*
Mann-Whitney p value <.001* 005*

Med=median, min=minimum, max=maximum

TABLE (2) Vertical bone loss around posterior implants for maxillary and mandibular jaw after 6 months

and 12 months of prosthesis insertion

6 months 12 months Wilcoxon signed
ranks (p value)
med Min max med Min max
Mandibular jaw 25 00 1.38 17 17 248 91
Maxillary jaw 33 06 1.08 48 02 1.38 35
Mann-Whitney p value 1 40

Med=median, min=minimum, max=maximum
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Fig. (6) Comparison of VBL between anterior and posterior  Fig. (7) Comparison of VBL between anterior and posterior
implants in both jaws after 6 months of prosthesis implants in both jaws after 12 months of prosthesis
delivery delivery

DISCUSSION No significant difference in implant survival

Studying of peri-implant marginal bone height
changes was performed in the same patient. This
allow standardization of all patient factors that may
influence marginal bone loss such as gender, muscle
activity, masticatory habits, bite forces and type of
occlusal scheme. Moreover, a small sample size can
be used with this within patient study compared
to parallel group studies'. The flapless surgical
approach was used in this study as it has several
advantages including; minimal post-operative
discomfort, reduced edema, and facilitate immediate
prosthetic loading with provisional dentures (no
sutures or open wound)®-?!. Moreover, the flapless
approach reduced the peri-implant bone loss as
reflection of the flap cause mucoperiosteal stripping
that may induce bone loss around the implants?.
Stereolithographic surgical stent together with
CBCT was used for proper data transfer of the
surgical field and for implant placement. This
template allows accurate 3-dimentional placement
of the implants in planned implant position.
The conventional stent and the 2-dimensional
panoramic radiographs are not capable for accurate
visualization of bone and vital structure position in

buccolingual dimension.

between maxillary and mandibular implants was
noted. Similarly, Malo and colleagues* found
that the overall cumulative implant survival rate
at 1 year was 97.2% and 100% in the maxilla and
the mandible, respectively, without significant
difference between maxillary and mandibular
implants

The normal average of marginal bone loss values
reported in the literature is less than Imm in the
first year and <0.2 mm annually thereafter '* 227,
Except marginal bone loss of maxillary anterior
implants (1.2-1.7mm), the marginal bone loss for
both maxillary posterior implants and mandibular
anterior and posterior implants observed after 6
and 12 months remains within the normal range.
For anterior implants of maxillary and mandibular
jaws, VBL after 12 months was significantly higher
than VBL after 6 months. This was not surprising to
find the VBL increased with time. This may be due
to bone reorganization and maturation and healing
combined with functional stresses's. However, the
effect of time on VBL was evident for anterior
implants only and not for posterior implants.

For anterior implants only, maxillary implants
recorded significant higher marginal bone loss
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than mandibular implants after 6 and 12 months
increased VBL
around maxillary anterior implants compared to

of prosthesis delivery. The
mandibular implants may be due to these implants
are inclined palatally due to the shape of the palatine
vault. The implant inclination was associated with
greater strain and marginal bone loss than the
vertical oriented ones®®. Moreover, the reduced
bone quality of maxilla contributes to more VBL
than compact bone in the anterior mandible'” %.
Furthermore, the patients may develop the habit
of habitual mandibular protrusion during wearing
the provisional fixed acrylic prosthesis (as there is
no contact with posterior teeth), thus transferring
increased occlusal load on the anterior maxillary
implants when final fixed prosthesis was delivered.

Also, maxillary anterior implants showed more
significant VBL than posterior implants after 6
months and 12 months of prosthesis insertion.
Similarly, Calandriello and Tomatis * found a lower
bone loss values for tilted implants supporting
fixed prosthesis, as compared with upright ones.
Furthermore, Wismeijer et al.;’! reported that in
cases with 4 interconnected straight implants, there
was significantly more bone loss around the central
2 implants in comparison with the distal 2 implants.
Earlier studies®* *- 3! reported a greater bone
resorption around medially positioned implants in
fixed retained prosthesis.

For posterior implants, no significant difference
in marginal bone loss between maxillary and
mandibular implants was observed after 6 months
and 12 months of prosthesis delivery. In line with
this observation, a relatively recent systematic
review reported no difference between maxillary
and mandibular implants supporting all on four
prosthesis recorded after 1 year*.

For mandibular implants, there was no

significant difference in VBL between anterior and
posterior implants after 6 months and 12 months.
Similar to this findings, a clinical study by lopes et
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al® found no significant difference in marginal bone
loss between axially and distally tilted implants
after 5-year evaluation period. Also Francetti et al .
assessed immediately loaded full-arch fixed bridges
anchored to both tilted and axially placed implants
(All-on-Four®) and compared the outcome of axial
versus tilted implants, and found no significant
difference in marginal bone loss between tilted and
axial implants at 1-year evaluation.

CONCLUSION

Within the limitation of this short-term study,
taking the small patient cohort into account, it
could be concluded that maxillary anterior implants
supporting All on four hybrid prosthesis are at
increased risk for marginal bone loss compared to
maxillary posterior implants or mandibular implants.
However, long term randomized controlled clinical
studies are needed to accept or reject the findings of
this study
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