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ABSTRACT

INTRODUCTION: Implant assisted prostheses provide a higher degree of patient satisfaction than traditional prostheses. However, severe
atrophy of the edentulous maxilla and maxillary sinus pneumatization may reduce the available bone in the posterior region for a safe and
reliable implant-supported dental rehabilitation. Tilted implants in the anterior region of the maxilla were suggested to be useful in the
treatment of posterior atrophic edentulous maxilla that allows the use of longer implants to gain more stability. This may preclude the use of
conventional Implant overdenture abutments, requiring the use of divergence correcting attachments.

OBJECTIVES: The aim of the present study was to clinically evaluate the effect of the use ofi\Smart Box accompanied with OT Equator
attachment in retaining the inclined implant assisted overdenture for atrophic maxilla.

MATERIALS AND METHODS: Ten patients with posterior atrophic maxilla and partially dentate mandible with posterior occlusal stops
were allocated for this study. For each patient, an implant assisted maxillary overdenture was fabricated\using minimally invasive flapless
surgical technique. Four implants were placed while the most anterioriimplants:were axial and the maost posterior implants divergent to 25
degrees using CAD/CAM surgical guide. The implants were loaded immediately by. OT EQUATOR and smart box attachment retained
maxillary overdenture. Each patient was evaluated clinically at the final prosthesis insertion (baseline), three, six and nine months post
insertion. Modified gingival index (MGI), Clinical attachment Level (CAL) and Perizimplant probing depth (PIPD) are the clinical
parameters that were evaluated.

RESULTS: MGI, CAL and PIPD revealed significant increase in both tilted and axial groups throughout the evaluation period intervals.
Tilted implants group showed significantly greaterfincrease in all parameters when compared with the axial group.

CONCLUSIONS: Within the limitations of this study, it can be concluded that combination of axial and tilted implant assisted overdenture
is a predictable treatment option in case of severely atrophic posterior,maxillae.
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INTRODUCTION
Atrophy or resorption of the alveolus is a continuous

Sinus floor elevation and guided bone regeneration have
been reported during the last three decades with the aim of

process that occurs once the teeth are lost (1). Complete
denture (CD) is considered as the most traditional
treatment option for edentulous arches and this is due to its
low cost and wide accessibility. However, restoring the
edentulous maxilla by CD when opposed with natural
dentition is considered as a compromised rehabilitation
biomechanically and functionally (2).

The rehabilitation of edentulous jaws with
osseointegrated implants has been proven to be a
predictable treatment over time (3). In comparison to the
mandible, rehabilitation of a completely edentulous
maxilla using osseointegrated implants is considered
challenging procedure due to its tridimensional resorptive
pattern resulting in insufficient bone volume for the ideal
implant placement. The available bone is furthermore
reduced by the pneumatization of maxillary sinus and this
may render reliable  implant-supported  dental
rehabilitation impossible (4).
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reconstructing the resorbed maxillae for more successful
implant surgery. However, those procedures will add more
time and cost to the implant rehabilitation procedure and
also may expose to failure (5,6).

Different therapeutic alternatives have been proposed
in order to overcome such limitations, such as, short
implants or implants placed in specific anatomical areas
like the pterygoid region or the zygoma, but patient
acceptance to these types of procedures could be low due
to the invasive nature of the surgical procedure associated
with an increased risk of morbidity and high costs (7,8).
Tilted implants were suggested in the treatment of atrophic
edentulous maxilla to avoid the invasive bone
augmentation procedures and the involvement of
anatomical structures during surgery (9).

The combined use of axially placed and tilted
implants represents another possible alternative for the
treatment of atrophic edentulous maxilla, which has been
extensively documented lately (10).
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The introduction of the maxillary implant overdenture
(10D) over the last two decades offered advantages over
fixed implant restorations. This prosthetic design avoids
the augmentation procedures required for fixed
restorations (11). Moreover, it is more appropriate for
patients requiring facial support (12). Furthermore,
cleaning the implants restored with a fixed implant
restoration in patients can be challenging (13).

Tilted implant placement may preclude the use of
conventional 10D abutments, requiring the use of
divergence correcting attachments (14). OT-Equator
attachment is characterized by its low profile with the least
overall dimension of any attachment system available. It is
indicated to correct divergence up to 28° between implants
without affecting the functionality of the nylon cap (15).

Smart Box has been developed to be used with the OT
Equator in cases of extreme divergences between the
implants. It is provided with an inner tilting mechanism
that enables a passive insertion with divergent implants up
to 50° (16).

The effect of attachment type on implants in maxillary
arches depends on the functional forces specially when
opposed by natural dentition in the anterior and premolar
area. This research aimed to evaluate the use of tilted
implant assisted overdenture with smart attachment in
management of severely atrophic maxilla.

The null hypothesis is that the use of OT Equator with
smart box attachment will have no effect on improvement
clinically or radiographically of immediate <inclined
implant assisted overdenture for atrophic maxilla.

MATERIALS AND METHODS

Informed consent

A written informed consent was obtained from all patients
who accepted to share in this study after explaining the
procedures to them. It was also mentioned that the patient
had the right of withdrawal ‘from the»study anytime
without any consequences. Ethical approval for'this study
was obtained before beginning the study: from ‘the
Research Ethics Committee, Faculty of< Dentistry,
Alexandria University, Egypt. All patients received
appropriate dental care including removal of local factors,
education and motivation to maintain proper oral hygiene
Patient Selection Criteria:

Ten male patients with age ranged from 30 to 65 years
were selected in this study. Patients with™ completely
edentulous maxilla, leaving less than 4mm bone height
posteriorly and sufficient amount of bone in the inter
bicuspids region with opposing mandibular dentate or
partially edentulous arch including bilateral posterior teeth.
All patients in this study had adequate zone of keratinized
mucosa. Patients of any systemic diseases and those who
are unwilling to accept implant overdenture as a treatment
modality were excluded from this study.

All patients who have participated in this study
received maxillary CD before the surgery and then four
similarly designed 2-piece endosseous implants were
placed in the interbicuspids region of maxillary arch. The
implant system used in this study was Dentium Superline
Fixtures (Dentium superline, Dentium Co. Ltd., Korea)
and the implants were immediately loaded by implant
assisted maxillary overdenture (IOD) retained by OT-
Equator (Ref.030, Rhein83, Rome, Italy) and Smart Box
attachment (Ref.335SBC, Rhein83, Rome, Italy).
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Dual scan procedure was used to fabricate
a CAD/CAM surgical guide. Glass beads markers
(SWARCO AG, Blattenwaldweg, A-6112 Watterns,
Austria) were distributed randomly facially and palatally
throughout the maxillary acrylic denture to select optimal
implant sites. Scanning was done for both the patient
wearing the denture and for the denture outside the patient
mouth by the CBCT scanner (PaX | Insight, Vatech, Seoul,
Korea). Three-dimensional implant planning software
(OnDemand3D, Cybermed Inc., Seoul, Korea) allowed
virtual planning for the location and angulation of the
virtual implants that the two anterior implants were
planned to be placed axially corresponding to the positions
of the laterals with 8 mm length and 3.6 mm width. The
two posterior implants were planned to be placed divergent
to 25° corresponding to the positions of the first premolars
with 12-14 mm length and 3.6 mm width. Once the
computer planning was accomplished, This plan was
extracted as a ““STL’’ file, then a print-job was sent to the
Printer’s software (EnVisiontec Prefactory, EnVisiontec
GMBH, Gladbeck, Germany) for the fabrication of the
surgical guide. The 3D printer (EnVisionOne, EnVisiontec
GMBH, Gladbeck, Germany) used the Stereolithographic
technology to print the surgical guide using 3D printing
resin. (NextDent SG, NextDent, Soesterberg, Netherlands).

Prior.to any treatment, Antibiotic therapy, Amoxicillin
clavulanate »2g9 (Augmentin. manufactured by Medical
Union Pharmaceuticals<dMUP, ARE) was prescribed to the
patients an hour before treatment and 1mg twice daily
during the' following four days. All patients were
instructed to use 0.12% Chlorhexidine mouthwash
(Hexitol, ADCO; Egypt) one day before the surgery and
continued for 2 weeks.

Surgical procedure was done under local anesthesia
for all patients. Surgical template was fixed onto the ridge
by the aid of fixation screws (Figurel). Osteotomies for
the four implants were performed using the a universal
surgical kit (In2Guide Universal Kit, Cybermed inc. USA).
The OT Equator abutments were then screwed and
tightened to 30 Ncm with a torque wrench on the implant
(Figure 2). The old maxillary CD of the patient was then
relieved and refitted using silicon soft liner material
(Promedica Dental Material Gmbh, USA). Every patient
was instructed to complete the prescribed medication.
Visits for the definitive prosthesis were scheduled for the
next two weeks and the patient was instructed to use the
old relined denture during this period.

Figure (1): Digital surgical guide fixed using the fixation screws.
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Figure (2): OT Equator abutments screwed and tightened.

A horse-shoe Maxillary 10D with metal framework
was constructed. The maxillary denture was inserted inside
the patient’s mouth to check the fit of the denture base to
the attachments using a pressure indicating paste (Mizzy,
Keystone industries GmbH, Singen, USA). Block-out
spacers were placed over the head of each OT Equator
abutments (Figure 3) and then metal sockets with (black
processing caps) were snapped on. The areas over the
housings were relieved with an acrylic bur until the
denture can be fully seated passively in the patient’s
mouth, A mix of autopolymerized acrylic resin "pick-up
material” was made, and the spaces were filled using a
plastic filling instrument. The denture was inserted into
position in the oral cavity. The patient was gently guided
into centric occlusion and left for 4 minutes to allow for
polymerization to occur. the denture was removed and the
spacers were discarded. The OT Equator core tool was
used for the procedure of removing the black processing
caps from the socket and replacing it with the final nylen
caps replacement (Clear Colored Caps) which provide
standard retention 1300gf retention force (Figure 3).

Figure (3): Plastic spacers and metal sockets was snapped on OT
Equator

The following clinical periodontal parameters of the
implant abutments were evaluated for every patient at the
time of final prosthesis insertion (baseline), three, six and
nine months after insertion (Fig 4): Modified gingival
index (MGI) The peri-implant mucosal tissues around the
implants were assessed using the modified, non-invasive
(no probing) technique called L6e and Silness index (17),
Clinical Attachment level (CAL) which is the distance
from the junction implant/abutment to the most apically
probable portion in millimeters (18). In this study the top
of the OT Equator abutment was used as a fixed "reference
point” instead of implant/crown junction and Peri-implant
probing depth (PIPD) (19) by measuring the distance
between the gingival margin and the most apically
probable portion in millimeters (mm) using a graduated
plastic periodontal probe (Helmut ZEPF, Medizintechik
GMBH, Germany).
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Figure (4): Maxillary denture with metallic horse-shoe
framework and housings in place.

Those‘indices were assessed at four sites around each
implant; the sum of each score was calculated from all
these"surfaces and:then divided by 4 to obtain the score for
each implant. Indices of the two axial implants were added
to each other, and then.divided by 2 to get the mean for
each case. The same was,done for the other two tilted
implants.

Statistical Analysis:

Data were fed, to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp) (20)..The Kolmogorov-Smirnov test was used to
verify the normality of distribution. Quantitative data were
described using range (minimum and maximum), mean,
standard deviation and median. Significance of the
obtained results was judged at the 5% level. The used tests
were ANOVA with repeated measures for normally
distributed quantitative variables, to compare between
more than two periods or stages, and Post Hoc test
(Bonferroni adjusted) for pairwise comparisons, Wilcoxon
signed ranks test for abnormally distributed quantitative
variables, to compare between two periods and Friedman
test for abnormally distributed quantitative variables, to
compare between more than two periods or stages and Post
Hoc Test (Dunn's) for pairwise comparisons.

RESULTS

The peri-implant areas were evaluated clinically at the
time of final prosthesis insertion (base line), three, six and
nine months after insertion of the prosthesis. Data were
collected, tabulated, and statistically presented as follows.
A. Modified Gingival Index (MGI)

There was an increase in the mean and standard deviation
values of MGI in both groups throughout the different
periods of follow up. This increase was only statistically
insignificant when comparing between the baseline and 3
months in both groups. The comparison between the two
groups, the mean values of MGI in group Il were
significantly greater than that in group | throughout the
three periods as shown in Table (1).

83



Metwally et al.

Figure (1): Comparison between the two studied groups
regarding MGl at different periods of follow up.
Modified

gingival Baseline
index

Group |

(Axial)
_ 0.89- | 1.15-
Min. - Max | 0.0-0.25 |0.0-025| *°c% 1.38

0.13(0.0- | 0.13(0.0 | 1.06(0.9 | 1.38(1.32
016) | -0.25) | 7-1.82) | -1.38)
0.862 | 0.001° | <0.001"

p1=0.002",p,=0.488

3 6 9
Months | Months | Months

Median (IQR)

025~ | 1.25-
00-025 | o7 Te0 | 12520
0.06(0.0- | 0.25(0.2 | 1.44(1.2 | 1.98(1.25
0.25) |5-0.37) | 5-1.60) | -2.0)
0.083 | <0.001" | <0.00T"

p1=0.046",p,=0.225
(0.005") | (0.026") | (0.026)

F: F test (ANOVA)

P: P value for ANOVA test

Sig. bet. periods was done using Post Hoc Test (Dunn’s) for
ANOVA

Paaseline: P value for comparing between Baseline and each other
periods

pl: p value for comparing between 3 Months and 6 Months

p2: p value for comparing between 6 Months and 9 Months
Z,p0: t and p values for Wilcoxon signed ranks test for
comparing between Axial and Tilted

*: statistically significant at p < 0.05

B. Clinical Attachment Level (CAL)

There was a statistically significant increase in the mean
and standard deviation values of CAL in both groups
throughout the different periodswof follow up. The
comparison between the two groups showed. that, the mean
values of CAL in group Il were'significantly greater than
that in group | throughout the evaluation periods as shown
in Table (2).

Table (2): Comparison between the two studied groups
regarding percent of change in CAL at different periods of
follow up.

Clinical
Baseline | 3 Months | 6 Months |9 Months

3.15-3.22 | 3.34-3.42 | 3.44-3.53 | 3.44-3.60

3.20+0.03 | 3.38+0.04 | 3.50+0.04 | 3.54+0.07
<0.001" <0.001" <0.001"

p1<0.001",p,= 0.075

1.29-3.53 | 3.59-3.68 | 3.71-3.85 | 3.75-3.92
3.0+0.91 | 3.64+0.04 | 3.78+0.05 | 3.82+0.06
0.307 0.120 0.096

p1<0.001",p,=0.012"

(<0.001%) | (<0.001%) | (<0.001")

F: F test (ANOVA)
P: P value for ANOVA test
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Sig. bet. periods was done using Post Hoc Test (Bonferroni) for

ANOVA

Peaseline: p value for comparing between Baseline and each other
periods

p1: p value for comparing between 3 Months and 6 Months

p2: p value for comparing between 6 Months and 9 Months

po: p values for Paired t-test for comparing between Axial and
Tilted

*: statistically significant at p < 0.05

C. Peri-Implant Probing Depth (PIPD)

The results of this study showed that there was a
statistically significant increase in the mean and standard
deviation values of PIPD in group | (Axial implants) and
group Il (Tilted implants) throughout the different periods
of follow up. The mean values of PIPD in group Il were
significantly greater than that in group | throughout the
three periods as shown in Table (3).

Table (3): Comparison between the two studied groups

regarding PIPD.at different periods of follow up.

Peri-implant
probing Baseline | 3 Months | 6 Months | 9 Months
depth

1.15-1.22 | 1.34-1.42 | 1.44-1.53 | 1.44-1.60
1.20+0.03 | 1.38+0.04 | 1.50+0.04 | 1.54+0.07
<0.001" <0.001" <0.001"

p1<0.001",p,= 0.075

Min. — Max. 1.28-1.53 | 1.59-1.68 | 1.71-1.85 | 1.75-1.92
Mean + SD. 1.40+0.13 | 1.64+0.04 | 1.78+0.05 | 1.82+0.06
i <0.001" <0.001" <0.001"

p1<0.001",p,=0.012"

P: P value for ANOVA test

Sig. bet. periods was done using Post Hoc Test (Bonferroni) for
ANOVA

Peaseline: p Value for comparing between Baseline and each other
periods

pa: p value for comparing between 3 Months and 6 Months

p2: p value for comparing between 6 Months and 9 Months

po: p values for Paired t-test for comparing between Axial and
Tilted

*: statistically significant at p < 0.05

DISCUSSION

Lack of stability and insufficient retention are problems
that edentulous patients often report. Implant overdenture
is a treatment modality offers a significant increase in
retention and stability over conventional complete denture,
providing a considerable improvement in quality of
life (21,22).

An important aspect in the rehabilitation of maxillary
edentulous patients with endosseous implants is the fact
that in many cases there is sufficient alveolar crest volume
in the anterior region, while in the premolar and molar
regions, severe bone resorption is present (23,24). Tilted
implants were suggested to be useful in the treatment of
severely resorbed maxilla, avoiding the bone augmentation
procedures and the involvement of anatomical structures
during surgery (25).
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In this study ten patients were selected with their age
ranging from 35 to 65 years. Older patients were not
chosen as success rates might be less than optimal with
advancing age, although endosseous implants were not
contraindicated in the elderly (26). Moreover, the patients
were free from any intra-oral or systemic diseases that
could complicate or alter the implant treatment
design (27). The presence of adequate amount of
keratinized mucosa was important, as a negative
correlation was found between keratinized mucosa width
and mucosal recession; a wider mucosal band was
associated with less mucosal recession (28).

An overdenture supported by two to four implants is
often presented as a “low cost” implant treatment
alternative because it uses fewer implants and components
than a full-arch implant-supported fixed prosthesis (29).
Sadowsky SJ et al (23) evaluated maxillary implant
overdentures with emphasis on number of implants and
anchorage design. He concluded that a number of 4
implants was the minimum to support a maxillary
overdenture. Many reports have shown good outcomes
with the use of only four implants, two axial and two
tilted (30,31).

Concerning the implant design which has a greater
impact on the functional surface area, Superline Dentium
implant was used in this study. It had tapered body design
of providing initial stability and bone expansion response
for reliable and easy installation. The interface between
abutment and fixture was mediated via a conical seal
design that distributes the load to the surrounding cortical
bone evenly and prevents screw loosening.“The implants
had a micro thread configuration in the cervical portion,
with SLA (Sandblasting with Large grit and Acid etching)
surface (32).

The reasons to choose the flapless technique are to
avoid the disadvantage of the flap. technique including
alteration in the vascularization of the bone periosteum
which affect the remodeling processes around the.implant
after flap reflection (33). Other advantages of the flapless
implant surgery include less traumatic surgery, decreased
operative time, rapid postsurgical healing, fewer
postoperative  complications and ' increased patient
comfort (34).

CAD/CAM-based surgical guides were chosen as they
offer many advantages, The virtual 3- dimensional views
of the bony morphology allow the surgeon torvisualize the
surgical bone site prior to implant placement; risks such as
inadequate osseous support or compromise of important
anatomic structures are avoided; incorporation of
prosthetic planning, allows the treatment to be optimized
from a prosthodontics and biomechanical point of view
specially in case of tilted implants with certain angulation
as in the current study (35).

The solitary attachments for maxillary overdentures
provide an acceptable implant prognosis. Slot W et al (36)
stated a survival rate of 96.3% for 4 implants with bar
anchor and 95.2% for solitary 4 implants with ball anchor.
Cavallaro JS Jr and Tarnow DP (37) documented a 100%
success with maxillary overdentures supported on 4
solitary implants. Eccellente T et al (38) demonstrated
high success rates of solitary attachments even after
immediate loading protocols. These data indicate that
solitary attachments for maxillary overdentures provide an
acceptable implant prognosis.

Alexandria Dental Journal. Volume 45 Issue 3.

Management of atrophic maxilla by implant overdenture

The overdentures had a horseshoe design and were
reinforced by a cast-metal framework. The reduction or
elimination of palatal coverage, with maxillary implant-
supported overdentures may be perceived as advantageous
to patients by providing greater comfort through reduction
of tissue coverage for complete denture wearer (39).

Rhein83; which produces attachments for removable
prosthesis, the OT EQUATOR is characterized by its low
profile. The system employs a reduced vertical profile of
2.1 mm with a 44 mm diameter. Rhein83 also has
developed Smart Box, which can be used with the OT
Equator in cases of extreme divergencies between the
implants. The Smart Box has an inner tilting mechanism
that enables a passive insertion with divergent implants up
to 50 degrees (16).

Immediate loading protocol was adopted in this study.
The rationale of immediate loading was to shorten the time
frame for both surgery and prosthesis insertion. It should
therefore <translate into faster achievement of the
masticatory function without affecting the success rate that
have “been ‘reported for endosseous dental implants. A
comprehensive review of clinical trials has concluded that
many reports demonstrated that immediately/early loading
of dental implants withha maxillary overdenture is a
predictable treatment approach and results in a favorable
implant/prosthesis survival, soft tissue health and patient
satisfaction outcomes (40, 41).

Regarding the Modified Gingival Index (MGI), values
were increased along the different periods of follow up in
both groups; this may be attributed to the resiliency of the
OT equator attachment, which allows denture movements
and accumulation of plaque under the denture. This was
also in accordance with Naema A et al (42) and Marrone A
et al (43) who found that, implants covered with
overdentures were more associated with peri-mucositis.

Also, there was an statistically significant increase in
the CAL in both groups. The results demonstrated that the
attachment loss was in the range of 0.03- 0.07 mm during
the entire period of this study. These results were in
agreement with Joseph D et al. (44) who found that, during
the first year of function an average attachment loss of 0.4
mm was observed. And this is close to the mean annual
attachment loss found by Schatzle M et al (45).

Periodontal parameters have commonly been used for
clinical monitoring of the soft tissues around dental
implants (46). The mean PIPD in the present study showed
significant increase throughout all interval times of the
study period in both groups. However, these results were
less than 2 mm during the entire period of follow up. This
was in agreement with the studies of Neiva RF et al (47),
Buser D et al (48) and Salvi GE et al (49) who have
indicated that successful implants allow probe penetration
of approximately 3 mm probing depth. The increased PD
could be related to increased peri-implant vertical bone
resorption with time and peri-implant soft tissue
enlargement.

When the two groups were compared, The mean
values of (PIPD), (CAL) and (MGI) in group Il (Tilted
implants) were significantly greater than that in group I
(Axial implants) throughout the three periods. However,
the PIPD and CAL results are still within the interval of
records indicating successful implants (42-45).
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Those findings were in line with a systematic review
by Wei-Shao Lin et al (50) which concluded that with the
intentionally titled implant being located in the posterior
portion of the jaw, these implants are subjected to higher
occlusal force than the anterior implants. That is why it
would not be surprising to see some effect on implant
performance when subjected to immediate loading.

The results of this study were in contrary to the
observation of a study by Degidi M et al (51) which
reported greater probing depths and bleeding on probing of
tilted implants when compared with axial implants.
However, this increase in readings were insignificant and
this might be attributed to the use of 6 implants instead of
4 used in the current study.

Moreover, The results of this study showed
disagreement with a five year clinical study conducted by
Agini A et al (52) evaluating tilted versus axial implant
immediately loaded implants by implant-supported fixed
restorations and observed no significant difference
between axial or tilted implants after the first year of
loading

The physiologic depth of peri-implant sulcus of
successfully osseointegrated implants has been a matter of
debate because the magnitude of probe penetration into the
peri-implant pocket depends on many factors including the
probing force applied, firmness of marginal tissues;
diameter of the probe tip, and roughness of implant (44):

CONCLUSION

Within the limitations of this study regarding“the sample
size and short study periods; it can be concluded that the
combination between axial and tilted implant assisted
overdenture may be recognized as a predictable and
successful treatment option for severely atrophic posterior
maxilla. The clinical results of this study indicated that
implant tilting seems to be bath clinically advantageous
and can be well justified from'a biomechanical point of
view.
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