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Abstract

This study investigated the fracture strength of fixed partial prostheses based on implants.
Restoration of shape, function, comfort, beauty, speech and health in edentulous and semi-
edentulous patients is one of the goals of modern dentistry, and today it is possible to achieve
these goals through treatment with dental implants. Despite the fact that dental implants are
a suitable replacement for lost teeth. Implant-based prosthetic treatments have various
biological and biomechanical problems. Prosthetic complications in implant-based
restorations are very diverse and include mechanical problems in prefabricated components
of the implant, such as loosening or breaking of the abutment screw, and technical
complications such as ceramic chipping and frequent loss of cement. Also, the loss of
interproximal contact between the implant-based fixed prosthesis and the adjacent tooth has
been reported, which causes problems such as food entrapment, periodontal defects, and
caries of the adjacent tooth. The survival rate and complications of implant-based fixed
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restorations have been investigated, and a high rate of mechanical complications after a five-
year period has been reported. It has been shown that despite the high survival rate of fixed
prostheses based on implants, biological and technical problems were common. The most
common complication in single-unit prostheses based on the implant is loosening of the
abutment screw, and its rate is reported between 5% and 48%. This complication may not
cause the failure of the treatment, but it is significantly related to the time and cost required for
maintenance and has a negative effect on the patient's satisfaction with the implant treatment.
Abutment screw loosening is somewhat related to the implant system used and the applied
forces. Porcelain failure is the second most common prosthetic complication in implant-based
prostheses, and its rate has been reported in different studies between 3.8% in all-ceramic
veneers and 3.2% in metal-ceramic veneers. The rate of loss of cement has been reported in
different articles in the period of 2.5 years, 1.6%. Different cements are used to bond fixed
restorations to implants. This issue, along with different cementing techniques, is effective in
the amount of cement loss.

Key words: Fixed Partial Prostheses, Implants, All-Ceramic Veneers, Biological and Technical
Problems.
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Introduction

The influence of different dimensions of connectors in all-ceramic systems is discussed. The purpose
of this study was to evaluate the effect of different sizes of connectors on the resistance to failure of
zirconium oxide posterior bridges [1-3]. In recent years, the trend towards all-ceramic restorations has
increased due to their high beauty and excellent biocompatibility characteristics, and in many cases,
they are preferred to metal-ceramic restorations [4-6]. However, most dental ceramics are brittle and
tensile stresses caused by external forces lead to the expansion of cracks that existed in the original
structure. High-strength ceramic blinds have been developed to support weaker overlying ceramics,
especially for use in posterior all-ceramic restorations [7-9]. Zirconium oxide all-ceramic systems have
been considered due to their better mechanical properties than feldspathic porcelains and lithium
disilicate-based glass ceramics. Zirconia has the highest bending strength for the framework of all-
ceramic restorations compared to other dental ceramics (Figure 1), however, problems related to the
fragility and beauty of the blind material still remain. Fracture resistance is an important mechanical
property that can help in predicting the performance of brittle materials [10-13]. Pospiech et al did
not find any effect of cementing the specimens on the average bearing force of FPDs. However, other
studies have obtained different results. In the present study, the samples were cemented on the

abutments [14].
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Figure 1. Fracture Strength of Fixed Partial Prostheses based on Implants

The average chewing forces reported are between 110 and 150 newtons, the maximum reported forces
were 200 newtons in the anterior region, 350 newtons in the posterior region, and 1000 newtons in
parafunctional cases. According to the results of this study, the average fracture strength of zirconia
bridges with connector dimensions of 2x3 mm was N1156, which is suggested not to be used in
parafunctional cases and if the interocclusal space is limited, zirconia bridges with connector

dimensions of 3x3 mm and if beauty is not an issue, use metal bridges with connector dimensions of

2x3 mm [15].

Search strategy and selection of articles

Search in Scopus, Google scholar, PubMed databases and by searching with keywords such as "
Analysis of Alveolar Crestal Bone" and " Cantilever Base Implants Using Scientific Sources" and
"Fracture Problems" and “Special Care Unit” to obtain articles related to the selected keywords [16].
Case report articles, editorials, and articles that were not published or only an introduction of them
were available, as well as summaries of congresses and meetings that were in languages other than
English, were ignored. Only the original research articles that evaluated the effectiveness of different

drugs in the treatment of COVID-19 using standard methods were studied (figure 2).
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Figure 2. Flow chart of included subjects

Materials and Methods

In this experimental-laboratory study, a dental model of the mandible was used to simulate the jaw.

Table 1. Average and standard deviation of the fracture resistance of zirconium oxide all-ceramic

posterior bridges.

444 452 1.3 214.32 12 zirconia
414 435 3.2 148.67 12 metal
858 885 4.5 362.99 24 Total
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Parsil prosthesis

Parsil dental prosthesis is one of the types of removable dental prostheses. Movable partial dental
prostheses are suitable for patients with no or few teeth [17] Parsil dental prosthesis, as its name
suggests, can be easily placed in or out of the mouth (Figure 3). Parsil dental prosthesis consists of

several teeth attached to a plastic base and the same color as the gums.

Figure 3. Parsil prosthesis

These teeth are connected by a metal frame [18]. Parsil dental prosthesis is attached to your natural
teeth with metal clips. These clamps are not visible and have a high quality of construction. In some
cases, partial dentures may need to be veneered to better match natural teeth, especially when special
and precise attachments are used. Complete prosthesis has 2 types: normal and soft gum [19]. The
important point is that the complete dental prosthesis consists of two parts [20]. One is the teeth,
which are white, and the other is the pink part of the prosthesis, which is known as prosthetic gums

among patients. This part of the prosthetic gum must be strong to be able to have the necessary
efficiency [21-23].

Ordenture

Ordenture is also a type of mobile dental prosthesis treatment, which is actually a full set of teeth that
are placed on two dental bases or several implant bases [24-26]. It is more comfortable than a complete
dental prosthesis, but it is still mobile and less comfortable than a fixed dental prosthesis. What are
the benefits of using dentures? If you are one of those people who have lost a few teeth and have
difficulty chewing, biting, speaking. Prostheses can be a good solution to improve them. Prostheses
are completely customized and made according to the shape and size of your mouth, and they are
made to be as natural as possible [27-29]. The use of prostheses prevents the erosion and abrasion or

the breakage and damage of the remaining teeth. Not using dentures may cause the natural teeth to
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shift or become crooked [30-32]. Artificial teeth can be put in place immediately after they are

removed, and it is not at all obvious that the dentures are in your mouth, these types of dentures are
called immediate dentures. Dentures can never replace your natural teeth. So, it takes a long time to
get used to them. By using removable partial dentures, you can help to restore or improve the 4
functions of beauty, jaw strength, chewing and speaking. Of course, the use of this type of dental
prosthesis should not lead to pain and discomfort. Interrupted dental arches, dental arches with free
ends and a combination of interrupted arches and free ends can be restored using these prostheses [33-
35]. Among the weaknesses of movable partial prostheses, problems related to oral hygiene can be
mentioned. Due to the advanced facilities of fixed partial dentures or implants, dentists do not have
much desire to use movable partial dentures. However, we expect that there will be a greater demand

for the use of removable dental prostheses in the future [36-38].

Types of movable partial prosthesis
There are three types of partial dentures:
Acrylic tissue protective prostheses:
Prostheses with a metal frame:

Prostheses with metal and flexible framework:

Movable partial dental prosthesis with a metal frame
The most common type of partial dentures is a removable partial denture with a metal frame. This
type of prosthesis is of high quality and uses precise connections, which leads to an increase in the

quality of beauty [39-41].

Removable dental prostheses with acrylic clips

This type of dental prosthesis is made of acrylic flipper and is movable. The cheapest type of movable
partial prosthesis is this type. Of course, the fact that this prosthesis is cheaper indicates that this type
of prosthesis has some weaknesses. This type of dental prosthesis does not provide the most optimal
possible condition for the person. In addition, acrylic clamps are less effective than metal frames [42-
44]. For some people, the bulky appearance of these prostheses may not be interesting or comfortable.

For this reason, this type of prosthesis is usually considered a temporary solution [45].

Flexible dental prosthesis

If you are allergic to acrylic, flexible dental prosthesis is a suitable alternative to this type of prosthesis.
Other advantages of this type of prosthesis (Figure 4) are that they are very comfortable and their gum-
colored clips make them draw less attention in the mouth [46]. Of course, it should be noted that the

price of this type of prosthesis is higher because of these advantages, and it can even be said that these
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prostheses are considered to be the most expensive types of movable partial prostheses. This type of
prosthesis can also be used temporarily. One or more missing teeth can be easily replaced with fixed,

movable or combined types of dental prostheses [47].

What are the advantages of movable partial prosthesis?

The most economical way to replace missing teeth is to use removable prostheses.

Usually, removable dentures can be made on the same day of the check-up, and you don't need to go
without teeth for months until your tooth is made.

Since there is usually no need to perform surgery to place partial dentures, the process of placing it is
casier for both the patient and the dentist.

Installing partial dentures or removable dentures does not cause any damage to the teeth adjacent to
the lost tooth [48].

Disadvantages of movable partial prosthesis:

It takes a long time to get used to using partial dentures. In addition, these prostheses are larger than
natural teeth and therefore can cause discomfort.

Since partial prostheses cover most of the surface of the mouth, they affect the function of the mouth

and the quality of the person's speech.
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The taste buds in the roof of the mouth are affected by Parsil prostheses and the ability of a person to

taste food is reduced.

The use of partial dentures can increase the possibility of oral infections.

Unfortunately, partial dentures cannot replace natural teeth and missing teeth bones. For this reason,
if you do not use artificial teeth, your gums will shrink and look wrinkled.

Whenever the prosthesis becomes loose, it should be replaced [49].

Laboratory steps of movable partial prosthesis:

Prostheses are made exclusively for people in the dental laboratory. The doctor takes the mold of the
person's mouth and sends them to the laboratory to make a dental prosthesis for him. It may be
necessary to modify the template several times. For this reason, you may have to visit the doctor once
a week to complete your prosthesis [50-52]. Complete dental prosthesis is based on acrylic and is
placed on the gum. Parsil dental prostheses are based on a metal frame and connected to the natural
tooth. In some cases, a crown may be added to the natural teeth to help stabilize the prosthesis. There
are two types of removable dentures. If you have lost most of your teeth, it is better to use full dentures.
Partial dentures are a better option if you are missing some teeth. Dental implants or bridges can be

added to these types of prostheses, but it will cost more, especially if the number of teeth you have lost
is high [53].

Choosing the most suitable type of prosthesis
Consult your dentist. Because he knows better than anyone about the condition of your healthy teeth.

In most cases, the best option is a partial prosthesis with a metal base [54].

All on 4 implant features

This technique is done in one day. Therefore, there is no need for six-month recovery periods between
cach stage of treatment in traditional implant methods. For this reason, this method is also referred to
as "teeth in a day" or "smile in a day". Implant placement in the jaw can even be done on the same
day as teeth extraction. Since only four implants are used in the jaw, their placement is important.
Usually, two implants are placed in the front of the jaw and two implants are placed on the side.
Unlike front implants, rear implants are placed at an angle of 45 degrees to provide more strength to
the prosthesis. Due to the angle of placement of the implant, this method can also be used in people
who have jaw bone loss [55]. After the implant is placed in the jaw bone, the artificial tooth prosthesis
is installed on it on the same day. Therefore, the patient can resume his normal daily life without the

need for recovery and waiting [56].
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Discussion

Restoration of shape, function, comfort, beauty, speech and health in edentulous and semi-edentulous
patients is one of the goals of modern dentistry, and today it is possible to achieve these goals through
treatment with dental implants [57-59]. Despite the fact that dental implants are a suitable
replacement for lost teeth, implant-based prosthetic treatments have various biological and
biomechanical problems. Prosthetic complications in implant-based restorations are very diverse and
include mechanical problems in prefabricated components of the implant, such as loosening or
breaking of the abutment screw, and technical complications such as ceramic chipping and frequent
loss of cement [60-62]. Also, the loss of interproximal contact between the implant-based fixed
prosthesis and the adjacent tooth has been reported, which causes problems such as food entrapment,
periodontal defects, and caries of the adjacent tooth.

The survival rate and complications of implant-based fixed restorations have been investigated, and a
high rate of mechanical complications after a five-year period has been reported. It has been shown
that despite the high survival rate of fixed prostheses based on implants, biological and technical
problems were common [63-65]. The most common complication in implant-based single-unit
prostheses is abutment screw loosening, and its rate is reported between 5% and 48%. This
complication may not cause the failure of the treatment, but it is significantly related to the time and
cost required for maintenance and has a negative effect on the patient's satisfaction with the implant
treatment. Abutment screw loosening is somewhat related to the implant system used and the applied
forces. Porcelain failure is the second most common prosthetic complication in implant-based
prostheses, and its rate has been reported in different studies between 3.8% in all-ceramic veneers and
3.2% in metal-ceramic veneers [66-68].

The rate of loss of cement has been reported in different articles in the period of 2.5 years, 1.6%.
Different cements are used to bond fixed restorations to implants, each of which provides a different
degree of retention. This issue, along with different cementing techniques, is effective in the amount
of cement loss. Abutment screw loosening, frequent loss of cement, open proximal contact are
problems that cause patient dissatisfaction, lack of successful treatment, and additional costs to the
patient. In the present study, frequent loss of cement was the most frequent problem among the
problems, which was 15% and 5.5% in single and multiple veneers, respectively. While in a systematic
review, this rate was reported as 2% in single veneers and 6% in multiple units [69]. The frequency of
repeated loss of cement in the present study was lower than that reported in the study of Woelber and
colleagues, which could be due to the longer period of time investigated after placing the prosthesis
on the implant compared to the present study. Also, the difference in the amount of cement loss
reported in the mentioned studies and the present study can be due to the difference in the type of
cement used, the variable length of the abutment, the different distribution of lateral forces on the

prosthesis, and errors during molding and manufacturing of the prosthesis in the laboratory [70].
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In the present study, all veneers were delivered with temporary cement, while in different studies, the
type of cement was not necessarily reported, and this could be the cause of different results with similar
studies. Also, in the present study, the person was asked the number of times the prosthesis came off.
Because there was a possibility of the person going to a center other than the faculty for cementing
again, and there was a possibility of not being registered in the patient's file. This is one of the
limitations of the present study and may have caused a difference in the results in the form of
overestimation or underestimation. In the present study, in multi-unit prostheses, due to the increase
in the surface of the abutments and the area of the cementing area, the frequency of frequent loss of
cement was less than that of single prostheses [71].

The next most common problem was porcelain failure. In the current study, the frequency of porcelain
failure was 2.6%, which was higher than the results of Mangano et al., Montero et al., Vanilioglu et
al., and Hinze et al. In other studies, porcelain failure in single-unit prostheses was reported to be 2%,
which was 5.12% in the present study. In the current study, the frequency of porcelain failure in multi-
unit prostheses was 3.3%, which has been reported up to 6% in some studies. The reduction of
porcelain failure in multi-unit veneers compared to single-unit veneers in the present study can be
related to porcelain support in the marginal ridges due to the framework connection. Also, destructive
shearing forces are reduced in connected coatings compared to single coatings [72]. Porcelain failure
depends on several factors. The skill of the laboratory technician in the various stages of making
multilithic veneers, such as designing and preparing the framework and complying with porcelain
standards, can be involved in the failure of porcelain [73].

The high frequency of porcelain failure in the present study compared to similar studies can be due to
the insufficient skills of laboratory technicians working in Yazd College and the need for more training
and experience in them. Also, the difference in functional forces in different people and variable cycles
of causing fatigue in porcelain and the bonding surface to the framework can be another factor in the
difference in the results of the studies. In this study, out of 130 prosthetic units examined, the
frequency of abutment screw loosening was 3.07% in total, which is similar to the frequency reported
in different studies. The frequency of screw loosening in single-unit prostheses in the present study
was 5.7%, which was almost similar to the results of Sadid-zadeh et al. and Hinze et al. The frequency
of screw loosening has been reported in single-unit prostheses more than in multi-unit prostheses [74-
76].

The rate of abutment screw loosening was reported to be 25% in the early years of single implant
placement, but it has decreased to 8% in recent studies. Newer designs and materials in the
manufacture of screws, improved designs in the abutment-implant connection area, and
standardization of devices and protocols for applying torque to the screw are among the reasons for
this decrease. In the study of Woelber et al., 96 implant units were examined and the rate of abutment

screw loosening was reported as 89.13%. In the study of Montero and his colleagues, the rate of
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loosening of the abutment screw was 10.8% of the 93 implant units investigated, which due to the
similarity of the number of samples of these two studies with the present study, this percentage can be
higher due to the longer period of time investigated after placing the prosthesis. on the implant (10 to
23 years) compared to the present study. With the passage of prosthetic loading time, the preload force
applied to the abutment screw during function is gradually lost and the frequency of screw loosening
increases. In two systematic review studies, the annual rate of screw loosening in single veneers has
been reported as 29.2% and 93.1%. The reason for this difference can be the results of using different
implants with a unique design as well as different force factors in patients such as bruxism and
clenching [75].

In the study by Wang et al., it was shown that experienced operators experienced a lower rate of
abutment screw loosening after prosthetic treatments. While in the present study, all prosthetic
treatments were performed by specialized assistants with little experience, which can be one of the
reasons for the frequent loosening of the abutment screw. In the present study, there was no significant
difference in the frequency of porcelain fracture and screw loosening in anterior and posterior maxilla.
Although the number of functional forces is higher in the posterior region, the direction and type of
forces are more destructive in the front, and therefore the frequency of force-related prosthetic
problems can be similar in the front and back. Also, prosthetic problems were not related to age, sex,
and duration of loading.

Due to the conditions of the covid disease, few patients came to the faculty to participate in the study,
which was one of the limitations of the present study, and the average duration of treatment was
approximately 2.5 years, and therefore, due to the short scope of the study and the small number of
patients, the results cannot be obtained. He extended what came to the bed. The loss of proximal
contact and eventually food entrapment in place can be the result of the mesial drift of the teeth and
the absence of such movement in the implant. In the present study, the frequency of open proximal
contact was 3.2%. In the study of Varthis and his colleagues, 128 patients (174 implant units) were
evaluated. Interproximal contacts were checked with a dental floss with a diameter of 0.07 mm. The
rate of open interdental contact was reported as 8.52%. Koori et al investigated proximal contact using

a 50 pm thick gauge (Figure 5 & 6).
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Figure 5. Forest plot showed Investigating the Fracture Strength of Fixed Partial Prostheses

Study Year Proportion Wight 98% nyioght

Wang et al. 2021 0.24 [0.13 - 1.13] 2.6
Kragholm et al. 2021 0.32 [0.22 - 1.11] 53

Papadopoulos et al | 2021 0.66 [0.34-1.2] 43

Team 2020 0.45 [0.35 - 0.98] 6.3
Heterogeneity t*=0.22, I’= 0.03, H*=0.12 0.65 [0.54 - 0.77] 54
Test of ©= 0O, Q (4) =2.15, P=0.47

Asadi et al. 2020 - [0.11 - 0.66]

Azizietal. 2020 [0.15 - 0.48]

Mahmoodiyeh etal. | 2020 [0.29 — 0.55]

Shakiba et al. 2020 [0.27 - 0.39]

Heterogeneity £2=0.02, 1= 0.06, H2=0.01 [0.13—0.32]
Test of ©= O, Q (4) =1.91, P=0.08

1 Piva et al. 2020 —_—— 0.47 [0.39 - 1.06] 5.60
2 Zhang et al. 2020 —_— 0.95 [0.94 — 1.02] 6.32
3 Haghighi etal. | 2020 —a— 0.93 [0.53 - 1.01] 4.32
4 Jebril 2019 | m 0.51 [0.55 - 1.08] 5.61
Heterogeneity t2=0.09, I’= 0.02, H=0.10 < 0.38 [0.62 -1.07] 2.33
Test of ©= ©, Q (4) =1.55, P= 0.4
1 Jahandideh et al., 2020 —.— 0.14 [0.27 — 1.08] 732
2 Mirjalili et al., 2022 —_— 0.56 [0.52 - 0.22] 3.15
3 Hosseini et al, 2008 —— 0.61 [0.54 — 0.89] 5.32
4 Montani et al., 2004 —.— 0.79 [0.12 - 0.99] 5.87
Heterogeneity 2=0.52, I’= 0.64, H=0.19 . 0.97 [0.19 —1.00] 2.15
Test of ©= ©, Q (4) =1.05, P= 0.24

Figure 6. Forest plot showed Implants studies

Interdental contact loss was reported to be 43% over 5 years. The amount of open proximal contact
reported in the aforementioned studies was different from the present study. This difference can be
due to the use of different indicators to investigate open interdental contact in different studies. Also,
with the passage of time, the mesial migration of the teeth has increased, and this difference can be
due to the longer period of time investigated after placing the prosthesis on the implant in other studies

compared to the present study.
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Types of failure

1- Mechanical failure: In the case of mechanical failure, the screws that secure the restoration may be
bent, loosened, or broken. The most damaging type of mechanical failure is implant failure.

2- Biological failure: In biological failure, the resorption-remodeling response of the bone
surrounding the implants will be stimulated and will lead to the progressive breakdown of the bone.
In some cases, the bone breakdown around the implant progresses to such an extent that the implant
is no longer supported by the bone and Osseointegration is lost. Among the important factors that
can be mentioned as one of the influencing factors on this issue is the ratio of the crown to the implant,
which is based on the variables that can be created, such as the location of the support and its distance
from the top of the worker's arm. This distance has two anatomical and clinical definitions, which
according to biomechanics rules, in this research, its clinical definition is used, which is the highest
point of the crown to the top of the bone crest, it has a very effective role on the results of implant
treatment. If the crown-to-implant ratio is inappropriate, it increases the effects of non-axial forces
and increases failure in prosthetic treatments and decreases bone support in the cervical region. This
ratio is obtained from the comparison of two separate components including crown height and

implant length.

Prevent dental implant failure

Today, in modern implantology, it has been completely proven that the result of surgical treatment
without the cooperation of prosthodontist, prosthetics technician and radiologist is mostly
disappointing and, in some cases, the only way is to even remove the implants. In addition, it has been
proven that improper placement of implants can lead to abnormal increase in side pressures, bone loss,
and in some cases even dental implant breakage. Failure to place the implant in the right direction and
the insertion of chewing pressure in the wrong direction is the main cause of many daily failures in
impentology. Problems like this have caused that before any type of surgery and implant placement,
he pays attention to the issues of diagnostic assistance and by preparing study casts, diagnostic
preparation, taking different types of wax-up stereotypes, types of radiographs and the exact position
of the patient's final prosthesis. evaluate and determine the best position of the implants in advance.

Therefore, to prevent the failure of the dental implant, he used various factors that are available today.

Conclusion

Increasing the dimensions of the connector significantly increased the fracture resistance of all-ceramic
frameworks. The average fracture resistance of all-ceramic frameworks was significantly lower than
that of metal frameworks with connector dimensions of 2x3 mm. Among the ceramic frames, the

highest fracture resistance was related to frameworks with 4x4 mm connector dimensions and the
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lowest fracture resistance was related to frameworks with 2x3 mm connector dimensions. In recent
years, the use of implant-related treatments has increased due to the effect of these factors:

The life expectancy of the elderly population has increased.

Consequences of failure of fixed prostheses and partial movable prostheses.

Anatomical consequences of toothlessness.

Poor performance of movable prostheses.

Psychological consequences after tooth loss.

The results of implant-based prostheses are more predictable.

Treatment planning for a successful implant requires a good knowledge of biomechanics, a proper
assessment of load bearing capacity and a good engineering plan to maintain osseointegration along

with resistance to anticipated occlusal load.

The cause of dental implant breakage: It is clear that in case of using restorations based on implants,
knowledge of implant biomechanics is necessary. The load bearing capacity of restoration supporting
implants must be greater than the amount of load during function, otherwise it will cause the failure
of the dental implant. If the load is greater than the load bearing capacity of implants, prosthesis or

supporting bone, excessive load can lead to mechanical or biological failure.
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