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ABSTRACT

Background: The success and sustainability of osseointegration in implant treatment is considered an im-
portant factor and therefore the value of Marginal Bone Loss (MBL) is an important consideration.

Method: Thirty eight patients (17 females and 21 males) were included in the study. Inmediately loaded fixed
prosthesis supported by two axial and two tilted implants were performed for each patient. 36 axial implants
and 36 tilted implants were placed in maxilla, and 40 axial and 40 tilted implants were placed in mandible.
Loading was performed 24 hours after the operation and final prosthesis was performed after 6 months. Pa-
tients were followed up at 6, 12, 24 and 36 months.

Results: According the results of the MBL measurements, there was a statistically significant difference be-
tween all results (p = 0.000 <0.05). The value of MBL increased with time and MBL measurements are similar in
both tilted and axial implants in maxilla and mandible. In this method, there is no graft cost and augmentation
is not required.

Discussion: In our study, it is seen that routine control of the patients and early detection of the problem are
important in order to prevent problems related to the implant and prosthesis.
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INTRODUCTION
Some studies with long follow-up reported high success and survival rates in implant-supported full-arc
restorations in atrophic jaws.!, ? The implants are placed between the two mental foramen in the mandible, and

between the sinuses in the maxilla.
The concept of loading the implants was first applied by loading multiple implants for full-arc restora-

tions in the mandible and good results were obtained.> Survival rates for immediate implants vary between 80%
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and 100% in mandible cases.®® Most published studies on immediate loading in the mandible have been done
on edentulous patients.” Normally, these patients have to use removable prosthesis during bone healing (4-6
months). This is unacceptable to many patients because of the discomfort and social situation. For patients, dental
extraction, implant placement and a functional fixed prosthesis would be ideal to achieve on the same day.
Although grafting and sinus lifting procedures are effective for implant implantation in atrophic maxilla

0

cases,'®, ! some complications have been reported in the literature.!? Also, distal implants are angled to increase

the distance between implants and thus to reduce wing length.'371>

Penarrocha et al. reported a 100% survival rate in implants applied to the mandible after tooth extraction.!® In a
retrospective study, it was shown that immediate implantation of the four implants immediately placed on the
extraction sockets is a valid treatment method for mandibular rehabilitation.’” When rehabilitating edentulous
mandible with dental implants, there are many alternative options in terms of the number and positions of the
implant. However, according to the results obtained from the analysis, there are results showing that the four
implants placed on the interforaminal area are the most suitable for full arc prostheses.’® Furthermore, as the
number of implants increase, there are difficulties in producing a metal frame that can be fixed on implants and
the cost increases.19 When the implants placed with enough primary stability (> 35 Ncm), the success rate of

edentulous mandible is quite high.®, 19, 20

The “All on four” procedure has also been proposed to rehabilitate the edentulous jaws without any bone

augmentation procedure.?’, 22 Implants in the distal, if possible, should be placed in contact with the anterior

walls of the maxillary sinus and without rupture of the sinus membrane.?® This procedure has been accepted in

the literature due to its success in both short and medium term.'>, 22, 2426

The criteria for determining success in implant treatment are a matter of continued debate, but the success
and sustainability of osseointegration is considered to be an important factor and the Marginal Bone Loss (MBL)
value is therefore an important consideration. During the first year after functional loading, 2 mm bone loss
around the implant neck was accepted as normal and even considered as a successful result in some classifications

and consensus declarations.?”, 28

Some authors also claimed that a MBL loss of 1.5 mm or 1.8 mm was acceptable in the first year.?93!
MBL, which occurs 1 year after loading, is generally expected, but it is unclear whether the “biological hour”
that determines this event depends on prosthesis, patient, implant, or occlusal force. In recent years, many studies
addressing this issue have clarified some principles and have started to achieve better results with implant design
and protocols that minimize these MBL values.??
The primary aim of this study was to investigate the clinical complications of full-arc maxillary and man-
dibular fixed prostheses with immediate loading of tilted and axial implants. Secondary goal was to compare mar-

ginal bone loss (MBL) changes between axial and tilted implants. In this article, 2-year data on implant survival,

clinical complication rates and Marginal Bone Loss (MBL) are reported.

MATERIALS AND METHODS
Our study included patients who were older than 18 years of age and had an unobstructed condition in their

general health conditions (coagulation problems, immune system diseases, uncontrolled diabetes, metabolic
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diseases affecting bone, pregnancy, chemotherapy or radiotherapy in the last 5 years). The maxilla and mandible
of the patients were edentulous or had bad prognosis teeth. Intersinusal section of the maxilla and interforaminal
section of the mandible had enough bone to 10mm length and 4mm diameter implant. The molar regions of the
jaws were atrophic and a sinus lifting operation or augmentation was required for implant placement. Attention
was also paid to the absence of acute infection in the process site.

During the clinical examination, the patients underwent orthopantomography (OPG) and computed to-
mography (CT) (Figure 1). Blood tests and consultations were requested from the patients who were needed
according to the history.

Before the operation, vertical dimensions and occlusal recordings of the patients were determined. If any,
the teeth were removed from the model and a total prosthesis was prepared on the model.

All operations were performed under intravenous sedation and local anesthesia. An incision was made in
the maxilla between the first molar tooth to the other first molar and in the mandible between the second premo-
lars. The teeth with poor prognosis were extracted and the sockets were cleaned. Two distal implants were placed
at an angle of about 30 degrees to the occlusal plan and two anterior implants were placed axial. Thus, four
implants (Straumann Roxolid, Bone Level Tapered, Basel, Switzerland) were applied to each jaw (Figure 2). The
implants were placed with a torque of 50 Nem to allow for immediate loading. Considering the axes of the im-
plants and the screw outlet holes to be opened in the prosthesis, after the 17 or 30 degree angled multi-unit
abudments were installed, the plastic caps were inserted and the tissues were sutured. The prosthesis that prepared
before was adapted and the screw locations are marked. Then the plastic caps were removed and the temporary
abudments were inserted, and adaption of the prosthesis was checked. After, the prosthesis and abudments were
fixed by the resin. The abudment screws were removed and the prosthesis removed. After polishing, the prosthesis
was disinfected and screwed on to implants with a torque of 15 Nem (Figure 3). The screw holes were sealed with
teflon and resin.

After the occlusion control and drug prescription the patients were discharged. (Figure 4). An antibiotic
(Amoxicillin and Clavulanic acid 1 g), analgesic (100 mg of Filurbiprofen) and mouthwash (Chlorhexidine Di-
gluconate 0.2%) was recommended for 7 days postoperatively every 12 hours. Patients were advised to be fed with
soft-liquid diet in the first month. Tissue healing, prosthesis function, and oral hygiene were evaluated at the
controls performed every week for the first month. These checks were continued every month until the next 6
months. At each visit, mobility of the prosthesis and occlusion were checked. At the end of the 6-month period,
permanent hybrid prostheses consisting of metal skeleton, porcelain teeth and composite gingival sections were
performed (Figure 5). He was called for follow-up visits every 6 months after the permanent prosthesis (Figure

6,7). Oral hygiene and complications were evaluated.

MBL Analysis
After implant surgery, during the prosthesis application (6 months after implantation) and at the 12th,
18th and 24th months, digital OPGs (Kodak 8000C digital panaromic; Carestream Dental LLC Atlanta, USA)
were obtained. These images were transferred to a computer software program for further analysis (Carestream
Dental Imaging Software 6.14.0.4, Atlanta, USA). The magnification values of the OPGs were calibrated using

known size and diameter values of each implant. MBL values were calculated according to this calibration.
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In addition to OPG, more accurate three-dimensional imaging such as CBCT could be used for this calcu-

lation, but only OPGs were measured to ensure that patients were not exposed to more radiation at each control.

RESULTS

From July 2014 to July 2017, a total of 38 healthy patients were included in the study. Of these, 18 were
maxillary and 20 were mandibular rehabilitation. 8 of the maxillary 18 patients, were female and 10 were male,
with a mean age of 60.83 years. There were 20 patients (9 females and 11 males) in the mandibular group and the
mean age was 56.9 years. Both groups received a fixed prosthesis which was immediately loaded onto four im-
plants. A total of 152 implants were placed (length between 10 mm and 14 mm, diameter between 3.3mm and
4.1mm). 76 of them were axial and 76 of them were about 30 degrees tilted. After 24 hours after the operation,
fixed temporary prostheses were inserted. Cases were followed in 24 months. Implant survival rate is 100% since
there is no implant loss during the study.

In cases of Maxilla; four patients (22.2%) had alveolar mucositis and two patients (11.1%) had periimplan-
titis. The most common prosthesis complication is the fracture in the temporary acrylic prosthesis (7 patients and
33.3%). Porcelain fracture was observed in a patient's permanent prosthesis (5.5%). Three patients had prosthetic
screw loosening (16.6%). Eleven patients had hygienic problems (44.4%).

In cases of mandible; seven patients had mucositis (35%, 8,75% of implants), two patients had periimplan-
titis (10% of patients, 2.5% of implants). Fracture of the temporary prosthesis was seen in two patients (10%) and
no permanent prosthesis fracture was observed (0%). Hygienic problems in eight patients (40%) and screw loos-
ening in three patients (15%) were recorded.

These problems were solved with a better oral hygiene motivation and more frequently followed. No patient
dissatisfaction was recorded.

The rates of complications encountered during the study are shown in tables and graphs (Figure 8-9).

MBL Measurements and Analysis:

MBL measurements of 36 axial and 36 tilted implants of maxilla were performed at 6, 12, 18 and 24
months. The mean of the 6th month measurements of axial implants was 0.32 mm, and at the 12th month was
1.09, 1.45 mm at the 18th month and 1.54mm at the 24th month. Tilted implants; The 6th month was 0.54mm,
1.41mm at 12 months, 1.56mm at 18 months and 1.75mm at 24 months.

MBL measurements were recorded in the same period in mandibular implants (40 axial and 40 angled).
According to this; the mean MBL values in axial implants were 0.36 mm at 6 months, 1.03 mm at 12 months,
1.30 at 18 months and 1.52 mm at 24 months. In mandibular tilted implants; The mean of the 6th month was
0.48 mm, the 12th month average was 1.23mm, the 18th month average was 1.45mm and the last 24th month
was 1.62mm.

According to the results of the analysis; There was a statistically significant difference between all results (p
=0.000 <0.05). When all MBL values were examined without tilted and axial distinction, it was determined that
the value in the 6th month was 0.42 mm, the value in the 12th month was 1.19 mm, the value in 18th month
was 1.44mm and the value in the 24th month was 1.61mm. Accordingly, it was observed that the value of MBL

increased with time (Figure 10-12).
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According to the results of the analysis, there was no significant difference between the maxilla and man-
dible in terms of MBL values (p = 0.092> 0.05). According to this result, the MBL variation between tilted and
axial between the implants is similar between maxilla and mandible (Figure 12).

As a result of the analysis of MBL values between tilted and axial implants, no significant difference was found
between the application methods (p = 0.094> 0.05). Accordingly, MBL changes in straight and angled implants
are similar without jaw difference (Figure 12).

In the comparative analysis of MBL values according to the jaws and the mode of application, the difference
was not found significant (p = 0.449> 0.05). According to this result, MBL values are similar in both tilted and

axial implants in maxilla and mandible (Figure 11).

DISCUSSION
In this study, mid-term follow-up results, complications and analysis of MBL measurement values have been
reported in a group of 4 patients who had implanted maxillary maxilla and mandible. In the literature, the most
reported outcome for evaluating the effectiveness of an implant-supported rehabilitation is survival rate. Com-
monly accepted criteria for the success rate of implant success were the absence of pain in the function, lack of
clinical mobility, less than 2 mm of radiological bone loss and absence of exudate.?%73>
In our study, implants showed a 100% survival rate, however some prosthetic and hygienic complications
occurred. When the implants with periimplantitis were taken into account, the success rate was 97.2% in the
maxilla and 97.5% in the mandible.
In a similar study published in 2017 with 10-year follow-up results, the survival rate of 144 implants was
95.1%. The study also reported that all failures occurred in the first 2 years.3®
The results of a biomechanical study of tilted and axial implants in atrophic maxilla revealed higher stress values
in tilted implants compared to axial implants.?” In addition, in a study in which 848 patients received 7568 im-
plants, 3-year follow-up data were presented. No difference was found between the implants.®® In our study, no
statistically significant difference was found between axial and tilted implants in terms of both clinical complica-
tion and MBL values.

It was reported in a 2012 study that the implant survival rate of implant-supported fixed prosthesis applied
to 24 patients was 98.96% for 3 years.>*4° In a retrospective study by et al., 29-month follow-up, the implant
survival rate was defined as 99.3%. In addition, the success rate of the final prosthesis was 100%.%> In a study
2017 with 70 implants in 21 patients, the implants were placed flat and angled and the survival rate at the end of
2 years follow-up was 100%. As a result of the study, it was stated that the prosthesis made screwed on the axial
and tilted implants in the maxillary posterior region were highly reliable.#! Malo et al. in another retrospective
study, 242 patients treated with two tilted and two axial implants were reported. Accordingly, the 5-year implant
survival rate is 98%, and the success rate of the prosthesis is 100%. Only a few small prosthetic complications have
been reported.?? These results suggest that the technique and clinicians have developed over time.

In a similar study in the edentulous mandible, the incidence of temporary prosthesis fracture was 6.3% of

total cases, while in some other studies this rate was 11% to 16%.%, 42

The most common prosthetic complication in our study was fractures, especially in temporary prostheses

(33.3% in Maxilla, 10% in Mandible). However, they did not cause major problems at implant level. In addition,
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16.6% prosthetic screw loosening was seen. We believe this could be related to the calibration of the prosthetic
torque kit.

In our study, the rate of hygienic problems was relatively high (44.4%). This issue is very important because
preserving the surrounding soft tissue health is very necessary for success.*! Therefore, strict control of hygienic
problems is mandatory in long-term care.

The results of our study show that all implants survive despite hygienic or prosthetic complications. This
shows that the control and follow-up program is effective, and that complications can be solved at baseline and
without growth.

Implantation success criteria for marginal bone loss and other parameters were first proposed in 1986 and
are still known as the gold standard for implant success.*?

One aim of this study was to evaluate the success of marginal bone loss (MBL) by performing immediate
measurement and analysis of marginal bone loss (MBL).

The success of dental implants is defined by implant survival. However, ongoing marginal bone loss (MBL)
may compromise long-term survival of implants. The success criteria for MBL were proposed by Albrektsson et
al. 1 mm MBL was seen as normal in the first year after abutment connection and it was accepted to be 0.2 mm /

year after each.

Traditionally, the 1 year peri-implant MBL is assumed to be between 1.6 and 2.0mm?3!, %4 but a reduction of

the implant is reported in MBL.#>"%¢ Laurell and Lundgren have been shown lower MBL used in some implant
types over a 5-year period.*” The MBL value, which was measured in another study with fifteen years of follow-
up, was reported to be 1.5 mm in the first year following prosthesis construction. It is reported that the prognosis

of an implant may be reliable after the first year.20, 48

Aparicio et al. used tilted and axial implants as an alternative to sinus lifting in patients with posterior maxillar
atrophy. Twenty-five patients were rehabilitated with 29 fixed prostheses supported by 101 implants. Fifty-nine
implants were implanted axially and 42 implants were tilted. The mean follow-up was 37 months. After 5 years,
the cumulative success rate of implant was 95.2% (survival: 100%) for tilted implants and 91.3% for axial implants
(survival rate: 96.5%), and the prosthetic survival rate was 100%. In the fifth year, mean marginal bone loss was
1.21 mm for tilted implants and 0.92 mm for axial ones. The results show that the use of tilted implants is an
effective and safe alternative to sinus lifting procedures.4®

In the study of Agliardi et al, immediate full-arc fixed prostheses supported by the axial and tilted implants
were applied to the atrophic maxillary and 3-year clinical and radiographic results were evaluated. All final pros-
theses were stable and the cumulative survival rate was 100%. In the 3-year follow-up, MBL was 1.55 + 0.31 mm
in axial implants and 1.46 + 0.19 mm in tilted implants and there was no statistically significant difference between
them (p = 0.05). As a result, placement of implants with this configuration has been considered as a predictable
approach for immediate restoration of edentulous maxilla.>®

Krennmair et al. 44 patients had 4 implants immediately and 3 years following the implant. MBL changes
were evaluated radiologically at 12, 24 and 36 months follow-up. It was seen that MBL increased significantly
compared to years (p <0.001).5?

In a retrospective review including thirteen studies, implant survival rate and MBL changes were evaluated.
Survival rate for 1 MB4 years was found to be 97.2% and the mean MBL was 1.45 mm.>?
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In a study, MBL values were 1.53 mm in the first year after prosthesis making in standard and conical implant
restorations.18 Factors leading to the high rate of MBL in this first year were not fully understood. However, there
is evidence that, the micrograph at the implant-abutment junction and the occurrence of biological width are
responsible.37 In the results of long-term follow-up studies such as Pablo et al. 20 years, the mean MBL values
were in a wide range ranging from 0.2 mm to 1.2 mm.3?

In the results of our study, the MBL value increased with time but no significant difference was observed
between the angles of the implants. At the same time, this increase was similar between maxilla and mandible.
Although the results in the mandible were better in terms of numerical values, but this difference was not statisti-
cally significant.

An implant that causes clinical symptoms is defective. However, MBL is rarely symptomatic but may compro-
mise implant survival over the long term. In addition, the long-term prognosis of an implant cannot be based
solely on MBL calculations in the first year. However, it is important to follow up patients to predict future
problems.*3

In conclusion, this study showed that the use of tilted implants to rehabilitate atrophic jaws may be a good
alternative to bone augmentation procedures in the posterior area, providing good function and aesthetics and
providing high patient satisfaction. However, the possible complications should be determined by the controls

and corrected by early intervention.
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Figure Legends

Figure 2. Postoperative OPG.
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Figure 3. Insertion of temporary prosthesis.

Figure 4. Occlusion control of temporary prosthesis.
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Figure 5. Insertion of permanent hybrid prosthesis.

Figure 6. Control of maxilla.
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Figure 7. Control of mandible.
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Mucositis %22,2
Periimplantitis %11,1
Fracture of Temporary Prosthesis %333
Fracture of Permanent Prosthesis %55
Hygienic Problems %44,4
Screw Loosening %166
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Figure 8. Clinical complications seen in maxilla cases.
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Figure 9. Clinical complications in mandible.
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6thMonth 12thMonth 18thMonth 24thMonth
MBL (mm) MBL (mm) MBL (mm) MBL (mm)
Aver SD Aver. SD  Aver. SD Aver. SD
Axial 036 0,13 103 027 1,30 0,31 1,52 030

MAND.
Tilted 048 0,18 123 0,28 145 0723 162 022
Axial 032 0,15 109 0,16 145 027 1,54 025
MAX.
Tilted 054 0,14 141 0,27 156 024 1,75 0,24

Figure 10. Average (Aver.) and Standard Deviation (SD) Values of MBL Measurements.

Total sd Average F P Eta?
MBL 123944 3 aizs 2 0000 0836
MBL * JAW 0,356 3 0,119 2,164 0092 0014
MBL * APPLICATION 0,353 3 0,118 2,144 0094 0014
MBL * JAW *
APPLICATION 0,146 3 0,049 0885 0449 0,006
*p<0,05

Figure 11. Repeated measures ANOVA Analysis Results.
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Figure 12. Graphic of time-dependent change in all MBL measurements.
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