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ABSTRACT

The Impact of Adjacent Implants and Prosthesis Types on the
Marginal Bone Loss of 1792 Internal Connection Implants:

Up to 15 year Retrospective Multi-Center Study

JiHwan Oh, D.D.S., M.S.D.

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Sunjai Kim, D.D.S., M.S.D., Ph.D.)

Purpose of the study: To compare and analyze the marginal bone loss for the
correlation between implant continuity, prosthetic type, and adjacent or proximal

structure, along with basic factors such as implant location, length, and diameter

Material and methods: This study included all partially edentulous patients

who received implant—supported fixed dental prostheses at the Department of



Prosthodontics, Gangnam Severance Dental Hospital, and Hayan Dental Clinic
between 2003 and 2020. Comprehensive data collection revolved around patient,
surgical, and prosthesis—related variables, further classifying implants based on
characteristics and their relation to marginal bone loss (MBL). Using periapical
radiographs, the study assessed MBL and established peri—implantitis risk
indicators. Statistical methods encompassed the Kaplan—Meier estimation, Linear
Mixed Model, Generalized Estimating Equation, and the Cox Proportional Hazard

model.

Results: This retrospective analysis assessed 1,792 implants in 804 patients,
with an average follow—up of 5.4 years. Survival rates for implant 98.8%.
Employing Linear Mixed Models and Generalized Estimating Equations,
determinants like position, age, fixture design, diameter, length, Contiguousness,
prosthetic type, and adjacent structure were observed to influence marginal bone
loss. The study further examined peri—implantitis, noting pronounced disparities
in bone loss. The Cox Proportional Hazard model identified prosthetics, implant
Contiguousness, and neighboring structures as significant risk factors for peri—

implantitis.

vi



Conclusion: IT with microthreads showed increased marginal bone loss than IU
with macrothreads. Mesially, upper premolars, molars, and lower molars had
greater bone loss than upper anterior teeth, while distally, upper molars had higher
MBL. Multiple prosthetics led to more bone loss than single ones and raised peri—
implantitis risk. The presence of an Isp(splinted) or a missing tooth on the distal

side

increased peri—implantitis risk. The peri—implantitis—associated MBL rate

was —0.34mm/year.

keywords : survival rate, marginal bone loss, peri—implantitis, Contiguousness,
marginal bone loss rate
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I . Introduction

Planning appropriate implant placement at the initial stage of treatment is crucial
for designing upper prostheses and their subsequent maintenance. With the
development and advancement of dental implants, there are many instances where
single implants are placed without damaging natural teeth during the fixed partial
denture process to restore previously toothless areas. However, in some cases,

oral rehabilitation is achieved through the placement of multiple implants.

Even after the delivery of prosthetics, tracking the loss of the bone surrounding
the implant is essential. It can serve as a measure to determine if implant failure
1s occurring. Moreover, it's crucial to be vigilant with patients at high risk for peri—
implantitis. During the recall check—up, it's important to be aware of changes
within the mouth. One way to monitor these changes is by periodically verifying

through a periapical x—ray. This allows for the early prediction of such changes.

Derks and Galindo—Moreno’ s research results indicate that if marginal bone loss
occurs within 3 years of attaching the prosthesis, peri—implantitis progresses and
accelerates.! Galindo—Moreno also stated that marginal bone loss of 0.44mm/year

is an indication of peri—implant bone loss progression .’



This plays a significant role in the diagnosis during a patient's regular clinic visits.
It's not just about determining the disease by identifying peri—implantitis factors,
such as when marginal bone loss exceeds 3mm. Instead, there's importance in
predicting harmful factors present in a patient's oral cavity through the rate of
marginal bone loss. By measuring the actual bone loss rate in the oral cavity and
taking appropriate measures when that rate exceeds a certain level, excessive

bone loss can be prevented.

Among factors related to implants, the role of microthreads has been the subject
of meticulous study by numerous researchers. Although still a matter of
considerable debate, the incorporation of threads or microthreads extending up to
the crestal module of the implant may enhance Bone—Implant Contact (BIC) and

aid in preserving marginal bone levels.*®

In implant placement, both contiguous and non—contiguous implant installations
can be considered in the treatment plan. In the case of non—contiguous
installations, there exists a plethora of studies indicating that factors such as the
proximity to adjacent natural teeth and subcrestal depth influence bone loss. °
Furthermore, contact loss is reported to occur in 32.8% of implant fixed

prostheses, leading to an increase in marginal bone loss when such loss of contact

occurs.” Importantly, the periodontal health of the proximal tooth significantly



influences the results of dental implant treatments. The health status of teeth
neighboring the implant is pivotal in determining the success or failure of the
implant.®

On the other hand, research on contiguous implants has involved extensive
discussions to elucidate various aspects, such as the distance or depth between
implant placements or the concept of platform switching. Y Recently, the scope has
expanded to analyze success rates and marginal bone loss in contiguous implants
based on various prostheses choices, including decisions on splinting, non—

splinting, or using implant—supported bridges.

The decision on whether to splint or not to splint the upper restoration prosthesis
on Contiguously placed implants has been a long—standing debate. Studies have
found that, while there's no difference in the success rates and mechanical
complications between a 3—unit fixed prosthesis using two implants and a splinted
prosthesis with three implants, there is a heightened risk of peri—implantitis with
the splinted intermediate implant. Moreover, an increased risk of peri—implantitis

is reported when both the mesial and distal sections are splinted.'%!!

It has been posited that both single units and splinted multi—unit prostheses stand
as effective treatment options.'? Observations indicate no significant difference in

marginal bone loss and prosthetic complications between splinted and non—



splinted variants, with a specific caution advised for cantilever and non—splinted
multiunit prostheses.'® In a retrospective study spanning 18 years, it was shown
that prostheses anchored to two or three connected implants had survival rates
of 96.8% and 97.6%, respectively, with no observed differences in implant loss,

prosthesis longevity, or mechanical complications.'*

In differences among such prosthetics, hygiene is often emphasized. One study
highlighted a 4% peri—implantitis rate for splinted prostheses with adequate
hygiene, which increased to 48% without proper care.'® Prostheses attached to
three connected implants, particularly the intermediate one, showed a higher
peri—implantitis rate.'® Splinted prostheses in the molar region had notable bone
loss but better survival rates than non—splinted types, with no major prosthetic
issues.!” Additionally, it has been reported that there is no difference in bone loss

for bridges or splints using two implants.'®

Due to the variety of implant options used for single, splinted, or 3—unit or 4—
unit prostheses in the current long edentulous span of the mandible, it is necessary
to analyze marginal bone loss in each of these options, the difference between
them when variously defined for the actual contiguous implant and its upper

prosthesis, and finally, whether the proximal structure affects marginal bone loss.



This retrospective study aims to compare and analyze the marginal bone loss for
the correlation between implant continuity, prosthetic type, and adjacent or
proximal structure, along with basic factors such as implant location, length, and

diameter.



IT. Material and Method

This retrospective study was approved by Gangnam Severance Hospital and
Yonsei University (Institutional Review Board approval number 3—2020—-0181).
This study included all partially edentulous patients who received implant—
supported fixed dental prostheses at the Department of Prosthodontics, Gangnam
Severance Dental Hospital, and Hayan Dental Clinic between 2003 and 2020. One
clinician at each institute performed the surgeries and restorative procedures.
The exclusion criteria were as follows: (1) psychological disorder, (2)
uncontrolled diabetes mellitus, (3) immune suppression, (4) previous
radiotherapy to the head and neck region, or (5) parafunctional oral habits, such
as teeth clenching and bruxism, (6) implant systems other than the current study
design, and (7) immediately loaded implants. Inclusion criteria were that: (1) the
patient’ s age was greater than 18 years old; (2) all patients met the diagnostic
criteria for a dentition defect; (3) the patients had no contraindications to surgery;
(4) informed consent was provided; and (5) female participants were non-—
pregnant, non—lactating, and not menstruating. The study used two different
implant systems from the same manufacturer. Both implants had the same surface
topographies. One had a platform—switching design with microthreads at the

implant neck (IT; Warantec, Seoul, South Korea). The implant-abutment



connection had a 7° angle to the long axis. The other had a platform—switching
design without microthreads and an 11e internal taper angle (IU, Warantec)

(Figure 1).

Figure 1. IT implant(IT) and IU implant(1U)

Handwritten and electronic charts from the implant placement surgery to the final
periodic recall visits were reviewed to collect patient—related (age and gender),
surgery related (implant installation site, implant type, implant diameter, and
implant length), and prosthesis—related (prosthesis type) information. Implants
were categorized according to their diameter (< 4 mm, 4.3 and 4.5 mm or > 4.5
mm), length (£8.5mm, 10mm, > 10 mm), and design (IT or IU). The installation
site  was divided into the maxilla, or mandible, and anterior or

anterior/premolar/molar areas.



1. Definition of Contiguous implant and prosthetics

The Contiguous implants was classified into two categories for comparing the

amount of MBL, as follows: (Figure 2)

1. Contiguous (C) : where other implants exist in the mesial and distal dentition

of the implant being analyzed

2. Non—contiguous (N): implants do not exist in the mesial and distal dentition

of the implant being analyzed

Noncontiguous(N) contiguous

Figure 2. Non-contiguous(N) and Contiguous(C) Implant

The prosthesis type was classified into four categories based on the adjacent

dentition or restorations for comparing the amount of MBL, as follows: (Figure 3)



1. Single: Restorations on single implant

2. Splint: Restorations on two splint prosthetics using two implants

3. Multiple: 3—unit or 4—unit prosthesis using more than 3 implants

4. Bridge (pontic between implants): Implant supported bridge using two

implants consisting of pontics

Multiple

Bridge

Figure 3. Prosthesis type classified into four categories



2. Proximal structure

The proximal structure (or adjacent structure) was classified into six categories
based on the adjacent dentition or implant for comparing the amount of MBL, as

follows (Figure 4)

Isp (Implant splinted): where adjacent implants and prosthetics are connected

Ise (Implant separated): adjacent implant existed but prosthetics not connected

C (Cantilever): adjacent area is an cantilever

M (Missing): adjacent area is an edentulous area

P (Pontic): adjacent area is an Pontic area

T (Tooth): adjacent area is an Tooth

Figure 4. Proximal structures. The red circle refers to the Ise, and the blue circle

refers to the Isp

10



3. Assessment of data

Implant survival was defined as follows: the implant remained in the patient’ s
mouth, and the restoration functioned normally during the last periodic visit.
Therefore, removed and buried (submerged and not functional) implants were

classified as failures.

IU implants have only recently been introduced to clinical use as compared with
IT implants; therefore, IU implants have had shorter follow—up recalls than IT
implants. Cumulative survival rates were calculated separately for each implant
system. Periapical radiographs, which were taken at the delivery of the final
prostheses and each periodic recall visit, were used to analyze the amount of
peri—implant marginal bone changes. When the periapical radiographs were not
taken at every fixed interval of visits (i.e. 1 year); a time interval of 6 months
was used to input only single measured value in a single time interval. Missing
values in the time interval were imputed using the last—observation—carried—
forward method. Distance calibration was performed for every radiograph to
compensate for the angular distortion of radiographs. The amount of marginal bone
loss was defined as the distance between the most outer edge of implant platform
and the most—coronal bone—to—implant contact point on both the mesial and distal

sides of the implants. An image processing and analysis software (Image J,

11



NIH.gov) was used for all the measurements. All the measurements were

performed by a single operator (Figure 5).

The amount of MBL was defined as the distance between the outer edge of the
implant platform and the most coronal bone—to—implant contact point on both the
mesial and distal sides of the implant. All measurements were performed by a
single operator. Clinically, the diagnosis of peri—implantitis requires the following:
(1) bleeding on probing or suppuration; (2) more than 6 mm of probing depth; and
(3) more than 3 mm of marginal bone loss compared to the initial bone level. In
the current study, previous probing depth was not always obtained; therefore, an
implant with =2 mm of marginal bone loss from prosthetic delivery and bleeding

on probing was used to diagnose as risk indicators for peri—implantitis.

20x854 pixels; 8-bit; 1001K

e e Set Scale

Distance in pixels: 92.9139

Global

Scale: 34.4126 pixels/mm

Help Cancel

Figure 5. Using Image J, Mesial and Distal marginal bone measurement

12



4. Statistical analysis

For the statistical analysis, the survival rate of the IT and IU implants was
assessed using the Kaplan—Meier estimation. To measure Marginal Bone Loss
(MBL) and to examine interactions over time, both the Linear Mixed Model (LMM)
and the Generalized Estimating Equation (GEE) were utilized. Risk factors for
peri—implantitis were scored using a binary system, with O indicating a healthy
implant and 1 indicating a diseased implant. The year when a particular event
occurred was recorded, and this data was used to construct a Cox Proportional
Hazard model. Finally, the rate of bone loss in the peri—implantitis group was

analyzed using general regression.

13



. RESULT

1. Demographic data

In total, 1,792 implants were placed in 804 patients, comprising 1,387 IT implants
and 405 IU implants. On average, each patient received 2.2 implants. The mean
follow—up period was 5.4 years. Treatments utilized implant—supported fixed
prostheses. The longest recorded follow—up spanned 15 years post—prosthesis
installation for 11 IT implants and 6 years for 6 IU implants. Demographic details

can be found in Table 1.

14



TABLE 1. Demographic data

Characteristics N
Maxillary anterior 195
Maxillary premolar 293
Position Ma)'(illary molar' 464
Mandibular anterior 38
Mandibular anterior 168
Mnadibular molar 634
Fixture T 1387
U 405
18 to 39 158
40 to 49 258
Age 50 to 59 452
60 to 69 513
70 to 89 411
o M 806
F 986
<4 103
Diameter 4< Diameter <4.5 1448
4.5 < 241
<85 430
Length 10 831
10< 531
contiguous of implant nonco,ntiguous(N) e
contitguous(C) 1058
single 564
Fixed prosthesis Sph,nt 767
multiple 192
bridge 263
cantilever 41/ 44
Implant seperated(Ise) 84 /76
Proximal structure(Mesial/Distal) Implant ,Spl,inted(ISp) 2127468
Missing 5/ 582
Pontic 194 / 115
Tooth 950 / 481

15



3. Survival rate

Total implant survival rate was 98.9% and IT implant showed a survival rate of
99.0% with 16 failures, while IU implant exhibited a survival rate of 98.8% with
4 failures. The results of the test for equality of survival distributions indicated
a significance level of 0.089. There is no significant difference in the survival

rates in fixtures and other variables (Figure 6, Table 2).

Fixture
T
(V)
—+—IT-censoring
+-IU-censoring
0.8

0.4

Cumulative survival rate

0.2

0.0

T T T T T
.00 200 4.00 6.00 8.00 1000 1200 1400

Failtime

Figure 6. Survival rate of IT and IU implant

Table 2. Log Rank test
Chi square p

Log Rank (Mantel-Cox) 2.885 .089

16



3. Linear Mixed Model

The results from implementing the Linear Mixed Model (LMM) to analyze
interactions over time are as follows (Table 3). The factors such as fixture,
position, age, implant length, Contiguousness, prosthetic type, and proximal

structure were statistically significant in terms of interactions over time.

Table 3. Linear Mixed Model

univariate multivariate
F p F p

Fixture = Time 5.142 0.023% 8.707 0.003x
position * Time 6.390 <.001% 2.504 0.028%
institute » Time .017 .895 19.548 <.001%
Age = Time 2.685 0.03+* 1.185 .315
Mesial sex * Time 1.104 .293 1.936 .164
diameter * Time .793 .453 1.305 271
Length * Time 7.938 <.001* 4.451 0.012+
contiguous * Time 23.636 <.001* 1.775 .183
prosthetics * Time 18.282 <.001% 16.192 <.001=
proximal * Time 5.466 <.001% 1.035 .395
Fixture » Time 8.556 0.003* 10.526 0.001=*
position * Time 2.491 0.029* 1.505 .184
institute * Time .041 .839 10.452 0.001=
Age * Time 2.009 .090 .942 .438
Distal sex * Time .278 .598 .154 .695
diameter * Time 1.306 .271 773 . 462
Length * Time 1.132 .323 1.826 .161
contiguous * Time 17177 <.001% 2.426 .19
prosthetics * Time 13.636 <.001* 9.186 <.001*
proximal * Time 4.162 0.001=* 1.457 .200

17



4. Generalized Estimating equation

The results of the GEE analysis to verify the correlation of factors over time are

as follows (Table 4, 5).

Table 4. Generalized estimating equation at mesial area

Univariate Multivariate
veta SE » beta S »
[Mandibular molar] + Time -.023 0083 005+ .000 0123 995
[Mandibular premolar] = Time -.030 L0192 .120 -.008 L0158 612
position  [Mandibular antericr] + Tine -.015 0195 .430 -.017 0107 ars
[Maxillary molar] * Time -.047 L0101 <.001+ -.027 L0135 L0474
[Maxillary premolar] * Time -.022 .0029 023+ -.004 .0121 747
[Maxillary anterior] » Time 0 o
. (U] + Time .020 0071 006+ .026 .0085 002+
fixture
(7] + Timo [ 0
(705 and 80s] * Time -.011 L0106 318 -.005 L0111 668
[60s) * Time -.022 L0107 .036+ -.008 L0116 286
Mesial age [50s] * Time -.025 0099 012« -.013 .0107 .235
[40s] * Time -.025 L0125 .046+ -.019 L0132 159
[Under 40] = Time ot o*
lless than &Smm] = Time -.024 0125 .059 -.022 .0180 .229
length  [10mm ] » Time -.019 .0082 L0234 -.018 L0110 .10
[over than 10mm) = Time [ o
.. [contiguous] » Time -.025 0077 001+ -.018 L0129 151
continuity pes
[noncontigous] * Time o i
[bridge] » Time -.038 0201 214 -.036 L0201 214
_ [multiple] * Tine -.062 0177 <.001+ -.062 0177 <.001+
prosthelion ectiat) o o6 -on L0130 415 -.on .0130 215
[single] * Time 0 o

Table 5. Generalized estimating equation at distal area

Univar iate Multivariate
bota SE o beta SE »
[Mandibular molar] * Timo -.012 .0093 207 .005 0130 721
[Mandibular premolar] * Time -.012 .0193 .534 .006 0192 741
[Mandibular anterior] + Time -.008 L0179 .645 -.018 .0183 338
position
[Maxillary mofar] = Time -.030 .0110 . 006+ -.018 0152 243
[Maxillary premolar] =« Time -.021 0124 097 -.008 0150 687
[Maxillary anterior] * Time o o
fu] + Time .028 0075 <.001+ .031 0091 001+
fixture
() = Time [ 0*
[70s and 80s] * Time -.003 0135 .831 000 0137 973
[60s] = Timo -.015 .0133 260 -.002 .0143 .873
Bretsl age [505] + Tima -.023 L0131 .085 -.013 0135 .338
(40s) = Time -.018 0155 257 -.011 0162 506
[Under 40] * Time [ o
[less than 85mm] = Time -.011 .0133 420 .016 0172 356
length  [10mm ] + Time -.008 .0087 463 .008 0141 661
Lover than 10mm| = Time 0 o
[contiguous] = Time -.024 .0083 . 005+ -.021 .0188 219
continuity
[noncontigous] * Time 0 o*
(bridge] + Time -.014 .0158 .375 -.007 0143 622
. Lmultiple] * Time -.047 .0201 .018+ -.038 .0190 L0474
prosthetics
[splint] =+ Time 000 0172 086 008 0130 646
[single] = Time o o

18



4.1. Position

At mesial area, based on the upper anterior teeth (1), there is a significant
difference in the upper premolar (2), upper molar (3), and lower molar (6) regions,
with —0.02mm/year (p = 0.023), —0.05mm (p < 0.05), and —0.02mm/year (p =
0.005) respectively. In multivariate analysis, based on the upper anterior teeth
(1), there is a significant difference of —0.03 mm/year (p = 0.047) in the upper

molar (3) region (Figure 7).

At distal area based on the upper anterior teeth (1), there is a significant

difference of —0.03mm/year (p = 0.006) in the upper molar (3) region.
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Figure 7. Mean marginal bone loss (position) over time
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4.2. Age

At mesial area based on implants placed between the ages of under 40 (1),
implants placed in the 40s(2) , 50s(3) , and 60s(4) show relative significant
differences of —0.03mm/year(p=0.046), —0.03mm/year (p=0.012), and -

0.02mm/year (p=0.036) respectively (Figure 8).

At distal area, there is no statistical difference.
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Figure 8. Mean marginal bone loss (age) over time at mesial area
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4 3. Fixture

At mesial area, based on IT (1), there's a significant difference of +0.02mm/
year (p=0.006) in IU (2). In multivariate analysis, a significant difference of

+0.03mm/year (p=0.002) was observed.

At distal area based on IT (1), there's a significant difference of +0.03mm/year
(p <0.05) in IU (2). In multivariate analysis, a significant difference of

+0.03mm/year (p=0.001) was observed (Figure 9).
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Figure 9. Mean marginal bone loss (Fixture) over time
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4.4. Diameter and Length

The diameter and length of the implant generally don't have statistical significance.
However, for Mesial's Marginal bone loss, Based on a length of more than 10 mm,
there's a significant difference of —0.02mm/year (p = 0.023) at 10mm (Figure

10).
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Figure 10. Mean marginal bone loss (Length) over time at mesial area
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4.5. Contiguousness

At mesial area, compared to noncontiguous (1), implants that were contiguously

placed (2) showed a significant difference of —0.03mm/year (p=0.001). In

multivariate, no statistical difference was observed.

At distal area, compared to noncontiguous (1), implants that were contiguously

placed (2) showed a significant difference of —0.02mm/year (p=0.005). In

multivariate, no statistical difference was observed (Figure 11).

MesialDistal: mesial

00000

-10000-]

-.20000-

-.30000-

-.400001

continuity

= Noncontiguous
—— contiguous

T
delivery

T
1

MesialDistal: distal

100000

-.10000

-.20000

-.30000

-.400007

continuity

— Noncontiguous
~ contiguous

Figure 11. Mean marginal bone loss (Contiguousness) over time
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4.6. Prosthetics

At mesial area based on a single (1), there's a significant difference of —

0.06mm/year (p < 0.05) for multiple (3). In multivariate analysis, a significant

difference of —0.05mm/year (p = 0.014) was observed.

At distal area , based on a single (1), there's a significant difference of —

0.05mm/year (p = 0.018) for multiple (3). In multivariate analysis, a significant

difference of —0.04mm/year (p = 0.047) was observed.

Implants in the middle of multiple prosthetics and implants at each end of multiple

prosthetics both show a significant statistical difference when compared to

Noncontiguous and single prosthetics (Figurel?2, Table 6).
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Figure 12. Mean marginal bone loss (Prosthetics) over time
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Table 6. Generalized estimating equation for Contiguousness and prosthetics(univariate)

beta SE p
[Middle of multiple] * Time -.068 .0314 .031*
[End of multiple] * Time -.056 .0215 .009*
mesial [C + splint] * Time -.016 .0083 .048+
[N + Bridge] * Time -.001 .0128 .965
[C + Single] = Time -.007 .0100 .504
[N + Single] * Time 0*
[Middle of multiple] * Time -.070 .0313 .024+
[End of multiple] * Time -.049 .0221 . 026+
distal [C + splint] * Time -.013 .0095 .158
[N + Bridge] = Time .000 .0133 991
[C + Single] * Time -.010 .0125 .429
[N + Single] * Time 0?

N: noncontiguous; C: contiguous

25



4.7. Proximal structure

In univariate results, based on a tooth (6), both mesial and distal in Isp(3) showed

significant differences of —0.03mm/year (p

0.006) respectively (Figure 13, Table 7).
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Figure 13. Mean marginal bone loss (Proximal structure) over time
Table 7. Generalized estimating equation for Proximal structures
beta SE p
[cantilever] * Time 025 .0196 .198
[Ise(seperated)] * Time -.014 .0137 293
nesial [Isp(splint)] * Time -.025 .0093 .008*
[missing]l * Time -.103 .0300 .001*
[pontic] * Time -.001 .0159 .956
[Tooth] * Time 0?
[cantilever] * Time -.050 0292 .088
[Ise(seperated)] * Time -.018 .0143 212
distal [Isp(splint)] * Time -.029 .0105 .006*
[missing]l * Time -.018 .0090 .052
[pontic] * Time -.023 .0246 .342
[Tooth] * Time 0
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5. Peri—implantitis

The group with peri—implantitis shows an average MBL graph with an annual
decrease of —0.34mm/year (in cases without PI, it's —0.02mm/year) (Figure 14,

Table 8).
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Figure 14. Mean marginal bone loss (peri-implantitis) over time

Table 8. Generalized estimating equation for peri-implantitis(PI)

beta SE p
[PI] * Time -.339 0217 <.001*
[no PI] * Time -.020 .0019 <.001*

No statistical significance was found in the Cox Proportional Hazard model for
other factors and peri—implantitis. However, significance was observed in
Prosthetics. Compared to Single, Multiple has a 6.17 times higher risk. And

compared to Splint, Multiple has a 2.66 times higher risk (Table 9, Figure 15).
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Table 9. Cox Proportional Hazard model for prosthetics

beta SE Wald p Exp(B) 95.0% Cl
Single 11.596  .008*
Splint .862 .563 2.345 . 126 2.368 0.786-7.135
Multiple 1.820 582 9.781 .002* 6.173 1.973-19.317
Bridge 1.030 .709 2.110 . 146 2.800 0.698-11.232
beta SE Wald p Exp(B) 95.0% Cl
Splint 6.310 .054
Multiple 979 .395 6.137 .013* 2.662 1.227-5.774
Bridge . 189 .565 A 739 1.208 0.399-3.658
1.004 ) fixed
——.ﬁﬁi_% Pl
— Isplint
§ \_\—‘ multiple
—Mbridge
0.95+ —
0.90
o~
v
-l
m
=
0.85-
0.80
0.75-
T T T T T T T
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Figure 15. survival function of prosthetics
when compared with Noncontiguous and single prosthetics, implants in the middle
and at each end of multiple prosthetics show 5.75 and 4.39 times higher risks

respectively (Table 10, Figure 16).
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Table 10. Cox Proportional Hazard model for Contiguousness and prosthetics

beta SE Wald p Exp(B) 95.0% Cl
Nonconsecutive single 10.401 .015%
”"m"u'lat”itpsl eatpfjscf‘h:t”idcs‘” 1.478 631 5484 019«  4.385  1.278 - 15.110
consecutive splint .621 .563 1.216 .270 1.860 0.817 — 5.605
Nonconsecutive bridge 627 .765 475 491 1.694 0.378 - 7.590
consecutive single -11.656 324.046 .001 971 .000 0 - 5.835

Implants at middle of

miltiple: prosthotics 1.749 .675 6.713 .010* 5.747 1.681 - 21. 575

1.00] ;
_‘:_‘_'—\7—— ~ N + single
— S End of multiple
L | - C + splint
0% I I -7 N + Bridge
C + single
1 - Middle ot muitiple
0.90
o~
v L l
_ .
2 08
=
, 080
0.75
0.70
T T T T T T T
00 2.00 4.00 6.00 8.00 10.00 12,00
Pltime

Figure 16. survival function of Contiguousness and prosthetics

When comparing the proximal structure, there was no statistical significance in
the mesial area. However, in the distal area, when the adjacent structure was a
tooth, the risk was 6.23 and 5.89 times higher for Isp and missing cases,

respectively (Table 11, Figure 17).
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Table 11. Cox Proportional Hazard model for proximal structure

beta SE Wald p Exp(B) 95.0% ClI
T(tooth) 6162  .187
Ise(seperated) -10.660 393.402 .001 978 0.000 .000
Isp(splinted) 1.829 754 5.889 .015 6.230 1.422-27.297
M(missing) 1.774 57 5.495 .019 5.893 1.337-25.964
C(cantilever) 1409 1225 1323 250 4.093 0.371-45.179
i —_ Distal

=T

— Mise

0.98+ isp
—m

c

0.967
0.944

0.924

MBL < 2

0.904

0.887

0.86+

T T T T T
00 200 4.00 6.00 8.00 10.00 12.00
Pltime

Figure 17. survival function of proximal structure
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IV. Discussion

1. Survival rate

In terms of survival rates, the total implant was 98.8%, and IT implants
demonstrated a 99.0% rate, with 16 units being removed. Conversely, 4 units of
IU implants were removed, translating to a 98.8% survival rate. There was no
significant statistical difference between the two implant types and other variables
in terms of survival rates. The reasons for removing implants varied and included
bone integration failures, post—operative infections, and post—operative
instability within the first two years. Other reasons encompassed fractures of the
implant accompanied by loosened screws, the inability to retrieve a broken screw

resulting in the implant's disuse, and issues arising from peri—implantitis.
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2. Marginal bone loss and peri—implantitis

2.1. Implant position

The study's results highlighted several potential factors influencing marginal bone
loss around the implant. Implants placed in the maxillary anterior area exhibited
less bone loss than those in the upper premolars, molars, and lower molars.
Notably, the upper molars displayed a significant relative bone reduction with a
difference of —0.05mm/year in the mesial and —0.03mm/year in the distal areas
than Maxillary anterior teeth. As Pefarrocha M emphasized, implants situated in
the maxilla exhibited a pronounced bone loss post—loading.!” Furthermore,
echoing Noda's research, which spanned a 10—year implant survival rate
comparison, smoking was identified as a precursor to early implant failure. In
contrast, late failures predominantly involved maxillary and posterior implants.?’
In another study, the most pronounced marginal bone loss was observed in
implants in the maxilla of older patients.?!' It's widely understood that the increase
in the cancellous compartment from age-—related osteoporosis, and the
subsequent decline in bone mass density, might affect the bone surrounding the

implant.?
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2.2. Age and implant length

In this research, we evaluated various age demographics and implant length: under
40, those in their 40s, 50s, 60s, and those over 70. In the mesial regions, age
groups 40s through 60s showed significant marginal bone loss compared to the
under 40 group. And the implant with a length of 10 mm exhibited a significant
difference of —0.02mm/year compared to implants longer than 10 mm. However,

the distal areas didn't exhibit a similar significant variation.

While our classification differs from that of other studies, Seong—Mo Koo noted
that there wasn't a discernible difference between individuals under 60 and those
60 or older.?® Moreover, Negri M and colleagues, after categorizing age groups as

below 50, between 50 and 60, and above 60, found no notable correlation with age.

Regarding the length of the implants, Monje A's conclusions suggest that short
dental implants (Iess than 10mm) exhibit comparable peri—implant marginal bone
loss (MBL) to standard—length implants (10mm or more) when used to support
fixed prostheses.?® However, some studies, like those by Raikar S, indicate a
heightened failure rate in implants with diameters smaller than 3.75 mm and

lengths exceeding 11.5 mm.?®

In our study, we centered on the age, length, and position at the time of implant
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placement for measuring and comparing marginal bone loss. A more detailed
exploration might be required in the future to understand the variations in marginal
bone loss depending on the age of the implant, under consistent controlled

variables.

2.3. Microthreads

While the previously discussed average bone loss between implants showed
negligible differences in survival rates, the IU implant with a macrothread
presented less bone loss in both the mesial and distal regions than its IT
counterpart, which incorporates a microthread. Specifically, the IT implant's

relative MBL was higher at mesial 0.026mm/year and distal 0.028mm/year.

In a retrospective study by Niu W, the microthread design in the implant neck was
noted to potentially reduce MBL. However, they also emphasized that the
randomized controlled trials (RCTs) included in their review were limited and that
the observed differences were minimal.?® Another study, which observed implants
with and without microthreads over three years post—prosthesis placement, found
that during the first year, implants equipped with microthreads exhibited
significantly reduced bone loss.?” This finding suggested that microthreads were
effective in preventing bone loss for a certain period. However, some reports
argue that microthreads don't have a significant impact on bone loss. Schrotenboer

and colleagues, through a finite element analysis study, stated that microthreads
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could increase stress in the bone bed under functional loads, suggesting a potential
disadvantage.?® Shin et al., in their clinical study, evaluated three different implant
types: implants with microthreads and a rough surface, implants with only a rough
surface, and implants with a polished surface. One year after restoration, they
observed bone loss rates of 0.18mm, 0.76mm, and 1.32mm for the three implant
types, respectively. The implant with microthreads and a rough surface showed
significantly less bone loss than the one with a machined surface.?’ Given that the
longest follow—up period for the IU implant is six years, there's a need for further
research with extended follow—ups to understand the impact of microthreads

better.

2.4. Prosthesis and Continuity of implant

According to a report by Ravida et al., when three implants are Contiguously
placed and the prosthetics are splinted, cleansing becomes difficult, increasing the
risk of peri—implantitis.'?> Hence, our study did not follow the conventional
prosthetic classification. Instead, we categorized implants based on their
Contiguousness and prosthetic type into four groups and further classified

adjacent structures for a detailed investigation.

In this study, we aimed for a granular examination of the different implant

environments. The correlation between Contiguously placed and non-—
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Contiguously placed implants was also explored. It was observed that implants
that were non—contiguous on both the mesial and distal sides showed relatively
lesser bone loss. Furthermore, when compared to single prosthetics, multiple
prosthetics on both the mesial and distal sides showed significantly more bone
loss. Especially notable was that implants situated between multiple prosthetics
or at their ends both exhibited relative bone loss. Interestingly, even when
implants were Contiguously placed, if they were restored with single prosthetics,

they showed lesser bone loss than other splinted or multiple implants.

Additionally, our study defined peri—implantitis as a marginal bone loss of more
than 2mm post prosthetic delivery. Multiple prosthetics posed a risk 6.17 times
higher than single prosthetics. Multiple implants were statistically 2.66 times
riskier than splints. Individual implants also showed risks, with those in the middle
and end of multiples being 5.75 and 4.39 times riskier, respectively, compared to
non—Contiguous single prosthetics. There was no statistical difference with two
splints compared to single. This indicates that considering not just the splinting

but also the number and position of splinted implants is crucial.

Reports by Mendonga JA stated no difference in marginal bone loss between splint
and non—splinted groups but noted that nonsplint groups with lengths under 10mm
caused more failures in males' posterior areas.’’ Vigolo P mentioned a 0.1mm

difference in bone loss between the groups, which is clinically insignificant.®!
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According to a 2019 study by Sola—Ruiz MF, there was no statistical difference
between two implant—supported splint crowns and 3— or 4— unit implant—
supported fixed partial dentures after three years of loading, similar to our
study.'* Ravida reported various figures on implant survival rates and peri—
implantitis frequency, speculating that the challenge in cleansing splinted crowns

might be the reason for higher peri—implantitis rates.!

Yi et al. found similar results, reporting a 4.66—fold higher prevalence of peri—
implantitis in implants splinted to both mesial and distal adjacent implants
compared to single restorations. They also highlighted that implant abutments with
an emergence profile of 230 degrees had higher peri—implantitis rates.®” This
factor warrants consideration when dealing with three or more Contiguous implant

prosthetics that might not facilitate adequate self—cleansing.
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2.5. Proximal structure

In our study, which classified the actual individual implant's mesial and distal co
mpartments, significant bone loss was observed when the proximal structure wa
s an adjacent structure (Isp) with an implant on which the overlying prosthetic w
as splinted, compared to when a tooth was present in the proximal structure.
research by Yi et al. emphasized that overlooking the emergence angle between
implants can lead to an excessively large emergence angle, thereby increasing t
he risk of peri implantitis.®” Therefore, it's vital to consider the appropriate eme
rgence angle of the transmucosal part from the time of surgery, as well as select
ing an implant position that promotes a crown shape that is easy to maintain and

ensures good hygiene.

In the case of the proximal structure, when compared to tooth, the relative risk
of peri—implantitis increased by 6.23 times and 5.89 times in cases where the
distal was Isp and missing, respectively. On the mesial side, no statistically
significant difference was observed. This suggests that even if the mesial side has
an Isp, which may allow for self—cleansing, significant bone loss may occur on the

distal side if it is not adequately managed.

Moreover, when there is a tooth at the terminal end, the likelihood of peri—

implantitis or marginal bone loss increases compared to when it's missing. These
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findings are consistent with the other study that a missing tooth often leads to in

creased bone loss(11.1%).%?

A plausible explanation for this is the generation of traumatic occlusal forces due
to overbite patterns leading to bone loss when there is no tooth on the distal side.
Bertolini MM posited this, and Lee TC further elaborated, stating that the
microdamage theory proposes that traumatic occlusal forces have been linked to
bone microfractures. This, in turn, leads to bone loss during the healing process,
resulting in eventual bone loss. As microdamage accumulates, it results in fracture

failures.?>3

In addition to such overload, Costa, F. O. and colleagues have noted that groups
not receiving regular supportive implant therapy face a risk of peri—implantitis
that is 5.92 times higher.?® Given that poor oral hygiene is known to be a causative
factor for peri—implant marginal bone loss, and considering the difficulty in
accessing the area that used to be a tooth deficiency (distal) after the implant
prosthetic delivery, it underscores the importance of proper oral hygiene

education following prosthetic placement.

However, when measuring marginal bone loss, the annual bone loss signifies a
minimal figure; thus, these statistics are relatively small, requiring careful
interpretation in a clinical context. Nonetheless, as emphasized by Muhammad

Irshad et al., comprehending the risk factors for peri—implantitis is crucial for
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clinicians. This insight allows them to thoroughly counsel high—risk patients and
underscore the necessity for diligent personal and professional upkeep of the
implants.®® Consequently, it becomes imperative to scrutinize relative bone loss

or peri—implant factors with significant attention.

2.6. Marginal bone loss rate

In this study, the annual marginal bone loss for the peri—implantitis risk group
was —0.34mm/year, which was significantly greater than the —0.02mm/year

observed in the non—risk group.

Galindo—Moreno has previously indicated that a bone loss of —0.44mm during the
first 6 months after prosthetic placement is an indication of peri—implant bone
loss progression.”? He further emphasized that, beyond the traditional definitions
of peri—implantitis, marginal bone loss (MBL) rates also provide -crucial
information on the biological events encountered by clinicians. In this study, over
a span of 15 years, the marginal bone loss in patients with peri—implantitis was —
0.34mm/year. While this figure is less than the previously mentioned —0.44mm,
we hope that it can serve as a marker for peri—implantitis during the regular

annual check—ups, highlighting potential implant bone loss in patients.

This study has several limitations. As mentioned earlier, the two implants used
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were introduced clinically at different times, making a direct comparison between
them impossible. Therefore, the comparison of bone loss between the two
implants was evaluated only up to the longest follow—up period of 6 years for the
IU implant. Further research is also needed, considering factors like the type of
amalgamation, prosthetic fractures and mechanical failures, as well as patient

history factors like smoking and diabetes.
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V. Conclusion

IT implants with microthreads exhibited a higher incidence of marginal

bone loss compared to IU implants with macrothreads.

In position, the upper premolars, molars, and lower molars showed more
bone loss compared to the upper anterior teeth on mesial side. On the

distal side, the upper molars had a relatively higher marginal bone loss.

In prostheses, marginal bone loss was greater in multiple prosthetics
compared to single prosthetics, and the risk of peri—implantitis was also
relatively higher. The risk of peri—implantitis in multiple prosthetics was

also higher than in splint prosthetics.

Considering individual implants, the risk of peri—implantitis was relatively
higher when there was an splinted implant (Isp) or missing tooth at the

distal side compared to when there was a tooth.

The Marginal bone change rate for peri—implantitis is —0.34mm/year.
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