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Methods. A bibliographic search was conducted in June 2021 with no limitation in the article date
or language and updated in January 2022 by hand searching. There was no time limit on the search
to retrieve all studies. The search included randomized controlled trials or quasi-experiments, and
cross-sectional or cohort studies were included in the absence of these studies. Two authors screened

Keywords: the title and abstract. After evaluating the full texts of selected articles, irrelevant studies and or
yw! 8

Adjacent teeth, non-English papers that were impossible to translate were excluded. Disagreements between the re-
prosthesis viewers selection process were resolved by debate on the eligibility of studies. Standardized critical

il ot appraisal instruments from the Joanna Briggs Institute for different types of studies were used to assess

. . the studies’ quality. Comprehensive Meta-Analysis (CMA) software (Version 2.2; Biostat, Englewood,

systematic review g
NJ) was used for data analysis.

Results. The proximal contact loss (PCL) frequency was %29. According to the results, the frequencies
of PCL for the distal and mesial aspects were %7 and %21, respectively. The meta-analysis results
showed that the contact loss events on the mesial aspect were statistically higher than on the distal
aspect (P<0.0001). There were no significant differences between other associated factors such as the
mandibular or maxillary arch, retention type, opposing dentition, implant type, molar or non-molar,
parafunction behaviors, and vitality of adjacent teeth. There was a significant association between
bone loss and PCL, and in individuals with bone loss >%50, the proximal contact loss was higher (OR:
%95] 2.43 CI: 4.03-1.47], P=0.0006). The PCL in the anterior area was lower than in the posterior area
(P=0.004). Although the frequency of contact loss in females was higher than in males, this rate was
not statistically significant.
Conclusion. The PCL on the mesial aspect and the posterior area was high. In individuals with bone
loss >%50, the proximal contact loss was higher than in others.

Introduction tails a risk of biological (peri-implant mucositis or

Implant-supported restorations are highly success- peri-implantitis) and mechanical (screw loosening,

ful and are among the current standard of care for
restoring and replacing lost teeth."” Although this
treatment is considered reliable, providing comfort
by simulating the appearance, high survival rates,
and function of natural teeth,>* implant therapy en-

screw fracture, or fracture of the superstructure ma-
terial) complications with individual variabilities in
prosthetic designs.>®

Proximal contact loss (PLC) is one of the most
important postoperative complications. However,
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Gibbard and Zarb’ (2002) described the absence of
a proximal contact point as the loss of the contact
point between implant-supported fixed prostheses
and the adjacent tooth for the first time. After den-
tal implant placement, interproximal contact loss is
a prosthetic complication with a high prevalence of
18-66% in the maxilla and 37-54% in the mandible
three months after prosthetic treatment.®

There is a consensus that modifying the spatial
relationship between an implant and the support-
ing bone is impossible, even in cases that have un-
dergone significant changes because of craniofacial
growth.” In addition, subjects that exhausted their
growth potential may experience tooth movement,
generally observed in mandibular incisor crowding,
the overeruption of maxillary incisors, and mesial
drift that usually occurs in mandibular first molars."
The possibility of mesial tipping or drifting of ad-
jacent teeth may cause a significant opening in the
mesial contact point."”? Biofunctional aspects could
be effective in altering tooth positions so that chang-
es in the chewing pattern or the contact points lead
to alterations in proximal contacts.”* PCL affects
periodontal health, and loss of the contact points
between a tooth-supported fixed restoration and the
adjacent teeth is associated with food impaction."
Thus, this systematic review and meta-analysis in-
vestigated the prevalence of proximal contact loss
and its relevant factors and effects on periodontal/
pre-implant tissue conditions in the embrasures
between implants and adjacent teeth that affect the
health of adjacent teeth and may cause dental caries,
periodontal problems, and mucositis

Methods

Search strategy

A bibliographic search was conducted in Web of Sci-
ences, PubMed, Scopus, ProQuest, Embase, Med-
line (via Ovid), Google Scholar, Cochrane Library,
ongoing trials registers, and conference proceedings
in June 2021, with no limitation in the article date
or language, and updated at January 2022 by hand
searching. For this purpose, the following keywords
were searched: “dental implant,” “dental prosthesis,”
“implant-supported prosthesis,” “FDP;” “tooth mi-
gration,” “adjacent teeth,” “proximal contact loss,”
“open contacts,” “contact tightness,” and “food im-
paction.” In addition to the strategic search, a manu-
al search was carried out in the references of related
articles to reduce the possibility of missing studies.

Inclusion and exclusion criteria

Inclusion criteria were as follow: studies analyzing
the reasons for PCL between the implant-support-
ed fixed prosthesis and adjacent teeth in individuals
having lost a tooth for any reason after 18 years of
age with sufficient bone remaining, who were can-
didates for dental implant treatment. There was no
time limit on the search to retrieve all studies. The

search included randomized controlled trials or
quasi-experiments. In the absence of these studies,
cross-sectional or cohort studies were also includ-
ed. Preliminary articles were selected and reviewed
based on inclusion criteria. Two authors screened
the titles and abstracts. After evaluating the full texts
of the selected articles, irrelevant studies or non-En-
glish papers that were impossible to translate were
excluded. Disagreements between the reviewers
selection processes were resolved by discussing the
eligibility of studies.

Assessment of methodological quality

For this purpose, two independent reviewers as-
sessed the eligible studies for critical appraisal ac-
cording to standardized critical appraisal instru-
ments from the Joanna Briggs Institute for different
types of studies, including cohort, RCT, and qua-
si-experimental studies.”” Any disagreements be-
tween the two reviewers were resolved by discussion
or consultation with the third reviewer. Studies with
a % or higher score level in questions were included
as high- or moderate-quality studies (Table 1).

Data extraction

A standardized data extraction form was used to
record the relevant information of selected studies
as follows: author(s), year of publication, design of
the study, number of patients, age, number of im-
plants, number of implant prostheses, retention
type, number of patients with systemic illness, num-
ber of patients with periodontal disease, number
of patients with parafunctional habits, number of
smokers, bone level, traumatic occlusion (plunger
cusp), vitality of adjacent teeth, root configuration
of adjacent teeth, distribution of prostheses, number
of proximal contacts, number of PCL, opposing den-
tition, follow-up years, assessment, and conclusion
(supplementary file).

Statistical analysis

Quantitative papers, whenever possible, were pooled
in the statistical meta-analysis using the JBI-MAS-
tARI and Comprehensive Meta-Analysis (CMA)
software (version 2.2; Biostat, Englewood, NJ). All
the results were subject to double data entry. Hetero-
geneity was assessed statistically using the standard
chi-squared test and explored using subgroup analy-
sis based on the different quantitative study designs
included in this review. Where statistical pooling
was not possible, the findings were presented in a
narrative form, including tables and figures. Q sta-
tistic was used for detecting heterogeneity within the
studies. In addition, I* statistic was applied to esti-
mate the effect of heterogeneity in the studies. I* was
considered low at75%. A fixed-effect model was ap-
plied in cases with no statistical difference in hetero-
geneity (P=0.05); otherwise, a random-effect model
was used. Furthermore, funnel plots were used to

assess the publication bias.
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Table 1. Critical appraisal results of eligible studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Gohil et al (1973) Yes ucC No Yes NA Yes Yes Yes Yes
Gibbard and Zarb (2002) No Yes No No NA No ucC ucC No
Wei et al (2008) Yes ucC NA Yes Yes Yes Yes Yes Yes
Koori et al (2010) Yes Yes ucC Yes NA Yes Yes Yes Yes
Ahmad (2011) NA Yes Yes Yes NA Yes Yes Yes Yes
Byun et al. (2015) Yes Yes No Yes NA Yes Yes Yes Yes
Ren et al. (2016) No Yes No Yes Yes Yes ucC Yes No
Wong et al. (2015) No ucC No Yes NA Yes Yes Yes Yes
Akhtar et al (2015) Yes NA UcC Yes Yes Yes Yes 19[6) Yes
Varthis et al. (2016) No Yes No Yes NA UucC No ucC Yes
Pang et al. (2017) Yes Yes No Yes Yes Yes Yes Yes Yes
French et al. (2019) Yes Yes Yes Yes NA ucC ucC Yes Yes
Shi et al. (2019) No Yes No Yes Yes Yes Yes Yes Yes
Jo et al (2019) Yes Yes NA Yes Yes Yes Yes Yes ucC
Almalk i et al (2019) Yes Yes ucC Yes Yes Yes Yes Yes ucC
Bompolaki et al. (2020) No Yes No Yes NA Yes Yes Yes Yes
Kandathilparambil et al. (2020) No No No UucC Yes No Yes ucC NA
Liang et al. (2020) No Yes Yes Yes NA Yes Yes Yes Yes
Saber et al. (2020) Yes Yes No Yes ucC ucC ucC Yes Yes
Yen et al. (2020) Yes Yes No Yes NA ucC Yes Yes Yes
Wang et al. (2020) Yes Yes Yes Yes NA ucC ucC No No
Mehanna et al (2021) ucC Yes NA Yes Yes Yes Yes Yes Yes
Latimer et al. (2021) Yes Yes ucC Yes Yes Yes Yes Yes NA
Chen et al. (2021) ucC No NA Yes Yes Yes Yes Yes Yes

NA: not applicable, UC: unclear

Result

The details of publications during selection and elim-
ination are summarized in the Preferred Reporting
Items for Systematic Reviews and Meta-analysis pro-
tocols (PRISMA) study flow diagram (Figure 1).

Of 2545 records identified through database'
searching, 24 articles had selection criteria for full-
text reading. Nine full-text studies did not meet the
inclusion criteria and were excluded. Of the 19 in-
cluded articles, one article was added to this study
by manual search.” Of included studies”'**® 14
had a retrospective design,!!71921:22:24-2830.32.37.38) 7
studies2#29333536) were prospective, and 3 were
cross-sectional studies.**"** The details and data ex-
tracted from each study are summarized in the sup-
plementary file.

Of 7480 implants, 570 implants were placed in the
maxilla and 638 in the mandible. Moreover, while 7
articles'1920-2272%31 included research that was lim-
ited to posterior implant-supported prostheses, 3
study®'®** reported both anterior and posterior im-
plant-supported prostheses, and only one article*
included anterior prostheses.

Meta-analysis results

Nineteen studies were eligible for meta-analysis.
According to the results of the meta-analysis, the
frequency of PCL was 29.4% (95% CI: 22.6-37.2%)
(Q-value=643.491, 1’=97.20) (Figure 2). However, I*
was >50%, indicating the high heterogeneity of the
studies. We, therefore, used the random-effect model
here.

Fourteen studies'®'®**-3%23%3 were eligible to eval-

uate the frequency of PCL based on mesial or dis-
tal aspects. According to the results, the frequency
for the distal aspect was 7.3% (95% CI: 3.7-14.0%,
Q-value=465.431, df=13, P<0.001, 1*)=97.20). Con-
cerning the mesial aspect, this rate was 21.4% (95%
CI: 14.9-29.7%, Q-value=484.197, df=14, P<0.001,
[’=97.31). The overall point estimate was 16.3%
(95% CIL: 11.8-22.1%, Q-value=1155.458, df=27,
P<0.001, 1’=97.66) (Figure 3a, 3b). Also, the me-
ta-analysis showed that the contact loss event on
the mesial aspect was statistically higher than on the
distal aspect (P<0.0001).

Eleven studies'®*26283032343738 were eligible to
evaluate the frequency of PCL in terms of the man-
dibular or maxillary arch. According to the results,
this frequency for the mandible was 30.3% (95%
CI: 16.6-48.7%, Q-value=649.789, df=10, P<0.001,
[?=98.46), with 26.9% (95% CI: 14.8-43.7%, Q-val-
ue=482.731, df=10, P<0.001, 1*=97.92) for the
maxilla. Overall, this rate was 28.5% (95% CI:
18.9-40.6%, Q-value=1141.9111, df=21, P<0.001,
’=98.16) (Figure 4a). Also, the results of the me-
ta-analysis showed that the contact loss event in the
mandibular or maxillary arch was similar (OR: 1.04
[95% CI: 0.92-1.16], P=0.56) (Figure 4b).

Four studies******** were included in the me-
ta-analysis to compare the results of PCL in terms
of the retention type. The point estimate for cement
retention was 13.6% (95% CI: 3.1-43.1%, Q-val-
ue=99.099, df=3, P<0.001, 1’=96.97), and for screw
retention this rate was 19.2% (95% CI: 5.2-50.9%,
Q-value=52.860, df=3, P<0.001, I1>=94.32). The over-
all point estimate was 16.4% (95% CI: 6.3-36.5%,
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Figure 1. Search results and study selection and inclusion process.

Q-value=151.465, df=7, P<0.001, 1’=95.43) (Fig-
ure 5a). According to the meta-analysis, there was
no association between the retention type and PCL
(OR: 0.71 [95% CI, 0.45-1.11], P=0.13) (Figure 5b).
Two studies”* were included in the meta-analysis
to investigate the effect of opposing dentition on
PCL. According to the results, the point estimate for
natural tooth was 29.4% (95% CI: 4-80.5%, Q-val-
ue=119.532, df=1, P<0.001, I*’=99.16). This rate for
prosthesis was 30.7% (95% CI: 3.3-85.1%, Q-val-
ue=100.768, df=1, P<0.001, 1>=99.01). The overall
point estimate was 30% (95% CI: 7.2-70.2%, Q-val-
ue=220.300, df=3, P<0.001, I’=98.75) (Figure 6a).
According to the meta-analysis, there was no associ-
ation between the opposing dentition and PCL (OR:
0.94 [95% CI, 0.68-1.31], P=0.73) (Figure 6b).
According to five studies'®****% included in
the meta-analysis, the frequency of contact loss
for molars was 20.7% (95% CI: 11.3-34.9%, Q-val-
ue=159.989, df=4, P<0.001, I*=97.50), and for
non-molars, the point estimate was 15.2% (95%
CL: 7.2-29.4%, Q-value=131.007, df=1, P<0.001,
[’)=96.94), with 18.2% overall (95% CI: 11.4-27.8%,

}_.

PubMed: 585
Embase: 621
Scopus: 748

ProQuast: 204

Records excluded
bzcause of non-relevant
(n=1724)

( Full-text articles excludad, \

with reasons (n=7)

-Studies without comparative
group

~Clinic method guide
-Article in Chinese
-Case report
~Clinical report

-Case control study

\ 5/

Q-value=290.996, df=8, P<0.001, I’=96.92) (Figure
7a). According to the meta-analysis, there was no as-
sociation between the molar or non-molar teeth and
PCL (OR: 1.47 [95% CI, 0.78-2. 78], P=0.23) (Figure
7b).

Seven studies'®*+*031323 were included in the me-
ta-analysis to evaluate the frequency of contact loss
in terms of splinted and non-splinted (single unit)
implants. The results showed a similar point estimate
for both splinted and non-splinted implants, with
22.6% (95% CI: 12.1-38.3%, Q-value=129.352, df=6,
P<0.001, I’=95.36) for splinted and single-unit im-
plants (point estimate: 22.6% [95% CI: 13.1-36.2%,
Q-value=96.467, df=6, P<0.001, I’=93.78]). Overall
this rate was 22.6% (15.1%-32.5%, Q-value=225.819,
df=12, P<0.001, I’=94.28) (Figure 8a). According to
the results of the meta-analysis, there was no associ-
ation between the type of implant and PCL (OR: 1.08
[95% CI, 0.64-1. 14), P=0.77]) (Figure 8b).

The point estimate of three included studies?****for
parafunction habits was 37.3% (95% CI: 12.6-71.1%,
Q-value=41.577, df=2, P<0.001, 1*)=95.19), and for
non-parafunction, it was 26.8% (95% CI: 8.2-60.1%,
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Model Study name

Statistics for each study

Event rate and 95% CI

Event Lower Upper
rate limit limit Z-Value p-Value

Akhtar etal(2015) 0.289 0.220 0.269 -4.869 0.000 (93
Almski et al(2019) 0.182 0.157 0.211 -16.249 0.000 O
Byun et al (2015) 0.240 0.277 0.410 -4.334 0.000 O
Chen et al (2021) 0.195 0.129 0.266 -6.863 0.000 (o]
Ahmad et al {2011) 0.248 0.185 0.225 -5.762 0.000 O
French et al {2019) 0.169 0.158 0.180 -39.290 0.000 O
Joetal (2019) 0.972 0678 0.998 2479 0.013 —
Kocrietal(2010) 0.420 0.361 0.502 -1.900 0.057 O
Latimer etal(2021) 0.224 0.272 0.281 -5.802 0.000 @)
Liang et al{2020) 0.191 0.168 0.218 -18.560 0.000 O
Mehanna etal(20210.062 0.024 0.155 -5.244 0.000 -
Pangetal(2017) 0.599 0.542 0.652 2389 0.001 @)
Saberetal (2019) 0.228 0.264 0.299 -4.559 0.000 (8]
Shietal(2019) 0.243 0.180 0.220 -5.847 0.000 O
Varthis et al (2016) 0.529 0.454 0.€602 0.758 0.449 e}
Wangetal(2021) 0.112 0.092 0.135 -19.247 0.000 O
W ei et al (2008) 0.582 0.449 0.704 1.208 0.227 +O-
Wongetal(2015) 0.8652 0.530 0.756 2422 0.015 -~
Yen etal(2020) 0.088 0.0860 0.128 -11.297 0.000 @]

Random 0.294 0.226 0.272 -4.832 0.000 <

-1.00 -0.50 0.00 0.50 1.00

Meta Analysis

Figure 2. The frequencies of proximal contact loss.

Q-value=52.208, df=2, P<0.001, I*=96.16), with
overall 31.8% (14.6-55.9%, Q-value=93.846, df=5,
P<0.001, I’=94.67) (Figure 9a). According to the re-
sults of the meta-analysis, there was no association
between the parafunctional habits and PCL (OR:

0.94 [95% CI, 0.48-1.86], P=0.87) (Figure 9b).

To investigate the frequency of contact loss in
terms of the vitality of adjacent teeth, Four stud-
ies'®*2%32 were included for this outcome; the results
showed that the frequency of contact loss in non-vi-

a
Model Group b Study name Subgroup within study Statiation for each atudy Event rate and 99% c1
Subgroup within study Bty Losser =B
At mit  hmit Z-Viue pVaue
Oistal Almaiki(2) 2019 Distal 0235 0198 0280 -9840 0000 o
Distal Bywn(2) 2015 Detal 0073 0044 0120 -9138  0.000 o
Ointal Chen(2) 2021 Ol 0088 0026 0123 8123 0000 o
Distal Ahmad 2011 (2) 2011 Dital 03208 0208 0429 -3013 0003 -
Oistal French2)2019  Deual 0015 0012 0019 33595 0.0
Oiatal 102201 Dt 0708 0458 0872 1645 0100 4+—
oistal Koar (2) 2010 osual 0038 0018 0077 8413 0000
Oistal Latimer (22021 Detal 0102 0072 0143 1109 0000 (=]
Oistal Lang (2) 2020 oetl 0016 0010 0028 -15176  0.000
Oistal Pang @) 2017 ostal 0080 0084 0117 -11.45%8  0.000 [e3
Oistal Saver(2) 2018 Dital 0045 0020 002 3684 0000
Oistal shi@) 2019 Ostal 0128 0080 0150 7723  0.000 o
Oistal Wang(2) 2020 Datal 0030 0020 0043 -17534  0.000
Oistal Yen(2) 2020 Deal 0010 0003 0031 -78%5 0000
Random Distal 0073 0037 0140 6380  0.000 >
Mozl Aimaki 2019 Masal 0132 0102 0189 -12763  0.000 [e]
Mesal Byun 2015 uesal 0207 0209 0334 8474  0.000 <
Mesal Chen 2021 Mesial 0270 0188 0371 4171 0.000 -
Mesal Ahmad 2011 tesal 0246 0157 0385 3387 0000 -
Mess French 2019 vesal 0112 0103 0122 42945  0.000 o
Mozl 102019 Mozl 0872 0678 0998 2479 0013 —_—]
Mesal Koori 2010 uesal 0392 0325 0485 2910 0.00% P
Mesal Latimer 2021 Mesal 0222 0177 0274 -8787  0.000 o
Mesial Liang 2020 Mesal 0174 0150 0201 -17.211  0.000 o)
Mesial Pang 2017 Mesal 0818 0402 0575 0630 0525 <
Mesal Saber 2019 Masal 0273 0214 0342 -58%8 0000 <=
Mesal Shi2019. Mesal 0113 0078 0132 -7.787  0.000 o
Wesai Wang 2020 vesial 0083 0067 0103 19649  0.000 o
vesat Yen2020 vesal 0078 0052 0114 -113%¢  0.000 o
Random Mesial 0214 0149 0297 -5820 0.000 2
Random Overal 0163 0118 0221 8560 0000 <
100 050 000 aso 100
Meta Analysis
Distal Mesial Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ahmad 2011 20 65 16 65 7.3% 1.36(0.63, 2.95] =
Almalki 2019 91 387 53 401 7.9% 2.02[1.39,2.93] ———
Byun 2015 14 191 51 191 7.5% 0.22(0.12,0.41) T
Chen 2021 5 89 24 89 6.8% 0.16 [0.06, 0.45)
French 2019 66 4325 484 4325 8.0% 0.12(0.09,0.16) b
Jo 2019 12 17 17 17 31% 006(0.00,1.28) ¥————————
Koori 2010 7 186 73 186 7.2% 0.06 (0.03,0.14] ——
Latimer 2021 29 284 63 284 7.8% 0.40(0.25, 0.64] =
Liang 2020 14 850 148 850 7.7% 0.08(0.05,0.14) —
Pang 2017 24 299 155 299 7.8% 0.08(0.05,0.13] =
Saber 2019 9 183 50 183 7.3% 0.14(0.07,0.29) e
Shi 2019 18 144 17 144 7.4% 1.07 [0.53,2.16) ) i
Wang 2020 26 879 73 879  7.8% 0.34(0.21,0.53) —
Yen 2020 3 296 23 296 6.4% 0.12([0.04,0.41)
Total (95% CI) 8195 8209 100.0% 0.24 [0.12, 0.46] -
Total events 338 1247
frem 2= - Chi*= = CE= ; + B |
Heterogeneity: Tau®= 1.42; Chi*= 246.46, df= 13 (P < 0.00001); F= 85% .01 o1 10 100

Test for overall effect: Z= 4.24 (P < 0.0001)

Distal Mesial

Figure 3. a. Frequency of PCL in terms of mesial and distal aspects. b. Comparison of the PCL in terms of mesial or distal aspects.
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Modol Group by Sudy name Subgroup within study Statistics for oach study Evont rate and 95% C1.
SEorota M s, Evont Lowor Uppor
rae hmE hmit ZVelue pVoue

Asch (Nanatie) Ak & al 2) (2019)  Arch (Wenctle) 042t 0349 0502 -1902 0057 o)
Asch (Wandtie) Byunetar2) 2015)  Arch (Mencble) 0370 0281 0468 -2570 0010 je3
Asch (Mundtio) Qontal) (2021)  Arch (Nundbio) 0R1 0213 0454 2611 0009 <
Areh (Wonatie) Rench et #(2(2019)  Arch (Minabie) 0032 0074 0091 -43584 0000 o)
Asch (Mandtie) Koorieta (2) (2010)  Asch (Mancble) 0492 0403 0560 -0483 0855 o
Asch (Mondtio) Latimor ot (2) (2021)  Avch (Mincbio) 0436 0375 0509 -0232 0816 <
Asch (Nbnatie) Ringetak2) 2017)  Arch (Nunabie) 055: 0480 0625 1425 0154 o)
Asen (anatie) Metan) 2019)  Atcn (Mncele) 02 o2z oses 229 0025 o
Asch (Manditle) Wang et al(2) (2021)  Asch (Mancble) 0421 0094 0154 -13316 0000 (e}
Asch (Nondtio) Woiot al (2) (2008) Asch (Nuncdle) 0541 0381 0602 0493 0622 -~
Asch (Nonatie) Yen et 3 (2) (2020) Asch (Nincdie) 0050 0026 0093 -8610 0000 D
Rancom Arch (onatie) om o6 07 2091 0037
e Arsiongon oa om o sen ome T
Avch (ko) BunetB201s)  Arch (M) oms 0222 0s0 570 0000 >
Asen (Mwola) enetalzoz1)  Avcn (M) 022 0126 045 2805 0005 <
Asch (Mwls) French etd(2019)  Asch (Maxila) 0085 0078 0095 -43575 0000 o
Arch (M) Kooriolal2010)  Auch (Maxa) 0318 0218 0430 2884 0004 o
Areh (Wiita) Latimer €1 (2021)  Avch (Mita) 0603 0483 0712 1685 0092 <>
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Figure 4. a. Frequency of contact loss in mandible over maxillary arch, b. Comparison of the results of proximal contact loss based on
the arch.
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Figure 5. a. Frequency of contact loss in terms of retention type, b. Comparison of the results of proximal contact loss based on the
retention type.
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Figure 6. a. Frequency of contact loss in terms of Opposing Dentition, b. Comparison of the results of proximal contact loss based on

the opposing dentition.
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Figure 7. a. Frequencies of contact loss in terms of molar or non-molar teeth. b. Comparison of the results of proximal contact loss in

the molar or non-molar teeth.
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Figure 8. a. Frequencies of contact loss in terms of the splinted implant and non-splinted (single unit) implants. b. Comparison of the
results of proximal contact loss in the splinted implant or single units.
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Figure 9. a. Frequencies of contact loss in terms of the parafunctional and non-parafunctional habits. b. Comparison of the results of
proximal contact loss in terms of the function.
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tal adjacent teeth was 16.9% (95% CI: 2.5-62.2%,
Q-value=102.407, df=3, P<0.001, I1*=97.07), and
for vital adjacent teeth this rate was similar, i.e.,
17% (95% CIL: 4.5-46.7%, Q-value=167.107, df=3,
P<0.001, I>=98.20). Overall, the point estimate was
16.9% (95% CI: 5.8-40.3%, Q-value=271.416, df=38,
P<0.001, I’=97.42) (Figure 10a). According to the re-
sults of the meta-analysis, there was no association
between the vitality of adjacent teeth and PCL (OR:
0.97 [95% CI, 0.34-2.72], P=0.95) (Figure 10b).

For evaluating the association of bone loss with
PCL, we categorized the results based on the amount
of bone loss: <50% or >50%, and three studies (23,
32, 33) were eligible for meta-analysis. When bone
loss was <50%, the frequency of contact loss was
20.2% (95% CI: 3.3-65.5%, Q-value=130.375, df=2,
P<0.001, I°=98.46), and in the cases with bone
loss >50%, the point estimate was 37.5% (95% CIL:
9.2-78.0%, Q-value=33.255,df=2,P<0.001, °=93.98).
Overall, this rate was 29.1% (95% CI: 9.8-60.9%,
Q-value=165.724, df=5, P<0.001, I°’=96.98) (Figure
11a). According to the results of the meta-analysis,
there was a significant association between bone loss
and PCL, and in individuals with bone loss >50%, the
proximal contact loss was higher (OR: 2.43 [95% CI,
1.47-4. 03], P=0.0006) (Figure 11b).

In the seven studies (16, 23, 29, 30, 32-34) in-
cluded in meta-analysis for gender differences,
the results showed that in females the frequency of
contact loss was 32.7% (95% CI: 29.2-36.5%, Q-val-

ue=119.956, df=6, P<0.001, ’=94.99), with 26.2%
(95% CI: 23.1-29.5%, Q-value=119.956, df=6,
P<0.001, I’=96.70) in males, and overall, 32.8% (95%
CI: 21.0-47.4%, Q-value=309.956, df=13, P<0.001,
’)=95.79) (Figure 12a). Also, according to the results
presented in Figure 13, the total event rate of contact
loss in females was higher than in males. However,
this rate was not statistically significant (OR: 0.80
[95% CI, 0.67-4.39], P=0.07) (Figure 12b).

Four studies****** were eligible for evaluating PCL
in terms of age category. According to the results, the
frequency of contact loss in patients <50 years of age
was 25.7% (95% CI: 10.6-50.2%, Q-value=88.463,
df=3, P<0.001, I°=96.60); for individuals >50 years
of age, it was 32.1% (95% CI: 13.1-59.7%, Q-val-
ue=158.196, df=3, P<0.001, 1>=98.10), and overall,
28.6%, (95% CI: 15.5-46.6%, Q-value=246.659, df=7,
P<0.001, I’=97.16) (Figure 13a). Also, according to
the results presented in Figure 14, the total event rate
of contact loss in individuals <50 years of age was
lower than in patients >50 years of age. However, this
rate was not statistically significant (OR: 0.37 [95%
CL 0.11-1.19], P=0.10) (Figure 13b).

Based on the four studies,'®*3*® which were in-
cluded in the meta-analysis, the contact loss rate
in the anterior area was 34% (95% CI: 17.3-55.9%,
Q-value=31.293, df=3, P<0.001, 1*=90.41), with
37.4% (95% CI: 15.7-65.7%, Q-value=150.752, df=3,
P<0.001, I’=98.01) in the posterior area, and overall,
35.3% (95% CI: 21.1-52.6%, Q-value=185.637, df=7,
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Figure 10. a. Frequencies of contact loss in terms of the vitality of adjacent teeth. b. Comparison of the results of proximal contact

loss in terms of the vitality of adjacent teeth.
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Figure 11. a. Frequencies of contact loss in terms of the amount of bone loss. b. Comparison of the results of proximal contact loss in
terms of bone loss.
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Figure 12. a. Frequencies of contact loss in terms of gender. b. Comparison of the results of proximal contact loss in both genders.
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Figure 13. a. Frequencies of contact loss in terms of the age. b. Comparison of the results of proximal contact loss in elderly

individuals.

P<0.001, 1°=96.22) (Figure 14a). According to our
results, there was a significant correlation between
the location and the PCL, and in the anterior area, it
was lower than the posterior area (OR: 0.78 [95% CI,
0.66-0. 92], P=0.004) (Figure 14).

Publication bias

There was no evidence of publication bias in favor of
studies reporting a high frequency of PCL using the
Begg-Mazumdar test (Tau=0.0065, z-value=0.0378,

two-tailed P=0.969) (Figure 15).

Discussion

The proximal contact loss (PCL) frequency was 29%.
According to the results, the frequency of PCL for the
distal aspect was 7%, with 21% for the mesial aspect.
The meta-analysis results showed that the contact
loss event on the mesial aspect was statistically higher
than on the distal aspect (P<0.0001). There was no
significant difference between other associated factors
such as the arch of the mandible or maxilla, retention
type, opposing dentition, implant type, molar or
non-molar teeth, parafunctional habits, and vitality
of adjacent teeth. There was a significant association
between bone loss and PCL, and in individuals with
bone loss >50%, the proximal contact loss was higher
(OR: 2.43 [95% CI, 1.47-4. 03], P=0.0006). The PCL
of the anterior area was lower than the posterior area
(P=0.004). Although the frequency of contact loss

was higher in females than in males, the difference
was not significant.

After the occlusal forces are applied anteriorly
for a long time, the adjacent teeth tend to migrate
in the mesial direction.” Therefore, the possibility
of open proximal contact on the mesial aspect is
twice greater than on the distal aspect of implant-
supported prostheses. A continuous increase in
the interproximal gap was observed, with a three-
fold tighter contact in the distal than in the mesial
contact.”® Mesial migration happens in a 3D complex
pattern with labial or lingual components following
an adaptive reaction to the continuous occlusal forces
and supporting structure growth.””** Our findings
showed that the frequency of mesial open contact
(21.2%) was greater than distal contact (7.7%). The
potential factors influencing the PCL at the mesial
aspect are mesial migration and traumatic occlusion,
such as a plunger cusp, which was reported by only
one study (P=0.0046).**

Previous studies have shown a dynamic
relationship between interproximal contacts and the
occlusal function.” In the relax and rest condition,
mandibular proximal contacts were stronger than
the maxilla. In contrast, increased maxillary contacts’
strength was observed during the clench condition
compared to mandibular contacts.*® Overall, there
is no significant difference between the strength of
mandibular contacts at rest and during clenching.*’
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Figure 14. a. Frequencies of contact loss in terms of location. b. Comparison of the results of proximal contact loss in terms of

location.

Therefore, it is evident that occlusal function affects
more maxillary contacts than mandibular contacts.*
This study demonstrated that PCL is more common
in the mandible (27.1%) than in the maxilla (24.5%).
However, the difference between the two meta-
analyzed proportions was remarkably lower than
reported in several studies. This difference may have
been due to a higher degree of mesial drift in the
mandible.

Older people may show a decline in resistance to
forces by reducing the level of bone located around
their teeth.” Some previous studies reported a higher
rate of open proximal contacts in aged individuals
than in young persons.”” Also, an inverse relationship
was observed between open proximal contact and
bone level around the adjacent teeth.” This study
reported a significant association between bone loss
and contact loss; therefore, bone loss of <50% leads to
higher PCL. Our analysis showed that the frequency
of contact loss in individuals >50 years of age (32.1%)
was more than that in those <50 years of age; however,
the difference was not significant. The frequency of
contact loss in females (32.7%) was higher than in
males (26.2%).

It is possible that splinting increases the resistance
of prostheses to dental forces and limits tooth
migration."”” Previous research demonstrated that
the rate of proximal contact loss near the implants
splinted with fixed dental prostheses (FDP) was 2.5
times higher than that adjacent to the single implant-
supported restorations. However, splinting of the

implants was not considered a significant factor
for PCL." Our results also showed no association
between splinted and non-splinted implants and
PCL.

The opposing dentition has a more critical role in
developing OPC due to the dynamic relationship of
interproximal contacts.® However, no signiﬁcant
association was reported between OPC and the
opposing dentition.” OPC can occur when an
implant-supported prosthesis is placed out of
occlusion®* and without opposing antagonists.”* Other
variables, such as occlusal forces and parafunctional
habits, had no significant effect on OPC.* Our
results showed no significant relationship between
the opposing dentition and contact loos. The current
study reported that contact loss in the anterior area
was lower than in the posterior area. However, there
was no significant difference in the effect of premolar
and molar areas on PCL.

A strategy for removing the implant-supported
prostheses from the patients oral cavity is screw
retention. Nevertheless, screw retention could
impact the induction of force to adjacent teeth due
to inconsistency in implant prostheses.”” Cement
retention could be vital in eliminating a potential
source of faults related to any possible misfit of
implant abutment.* Our analysis showed that the
frequency of contact loss in terms of retention type
in cement retention, screw retention, and overall was
13.6%, 19.2%, and 16.4%, respectively. There was no
significant association between retention type and
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Figure 15. Publication bias of the included studies.

PCL.

Different factors can influence interproximal
contacts, such as the various patterns of facial
growth,* vitality of adjacent teeth,” and the time
of day.** Probably, increased contact tightness is not
stable and may decrease after applying orthodontic
forces to adjacent teeth.”® It is essential to inform
patients of the possible development of OPC. The
follow-up time is one of the most critical factors for
investigating OPC development.?*** OPC developed
less than three months after implant-supported
prostheses delivery and gradually increased over
time.***® According to our study, the incidence of
interproximal contact loss increased over time; the
differences between various studies might also be due
to the follow-up duration. According to our study, no
significant difference was observed between implants’
proximity to nonvital and vital teeth.

In evaluating the relationship between the
angulation of natural teeth with the axis of the
implant, studies have reported a much higher
prevalence of PCL in single-root adjacent teeth than
in multi-rooted adjacent teeth.'®*” In our research,
only two articles mentioned the root configuration
of adjacent teeth. Wong et al'® reported the effect
of angulation (P=0.874); Pang et al*® reported that
the root configuration of the adjacent teeth was
significantly associated with the cumulative PCL rate
(P<0.05).

Several factors are associated with the prevalence
and the severity of periodontal diseases, including
the number of missing teeth,* oral hygiene,* and
alveolar bone height.”” Smoking is considered a risk
factor for periodontal disease.”® One study showed
a significantly higher frequency of periodontal
pockets in smokers than nonsmokers. Subsequently,
a significant correlation was demonstrated between
smoking and periodontal disease.”” In this review,
only three studies®?>* evaluated the effect of

smoking on proximal contact loss, reporting no
significant association between them. Also, patients
with systemic diseases like diabetes did not exhibit
any significant differences in PCL (P=0.389).*
Parafunctional habitsare prevalentamong patients
visiting dentists, and they pose one of the major
dental challenges for dentists. These parafunctional
habits have a significant undesirable effect on teeth
and dental prostheses.” In our review, three studies
evaluated the effects of parafunctional habits on
PCL of implant-supported fixed prostheses and did
not report significant differences in PCL."***** Our
meta-analysis showed the point estimates of these
three studies as follows: 37.3% for parafunctional
habits, 26.8% for non-parafunctional habits,
and 31.8% for overall habits, with no association
between the PCL and parafunctional habits.
Concerning the efficacy of occlusal appliances
in preventing PCL, they can prevent tooth move-
ments. Therefore, they should be effective as a pro-
tective factor. Moreover, these appliances would
only be effective in preventing PCL occurring due
to tooth movement, and no clear etiology can be

identified from the available evidence.’"*

Conclusion

The proximal contact loss (PCL) frequency was
29%. According to the results, the contact loss event
on the mesial aspect was significantly higher than
on the distal aspect. There was no significant dif-
ference between other associated factors such as
gender, mandibular or maxillary arch, retention
type, opposing dentition, implant type, molar or
non-molar teeth, parafunctional habits, and vitality
of the adjacent teeth. However, there was a signif-
icant association between bone loss and PCL, and
the proximal contact loss was higher in individuals
with bone loss >50%. In addition, PCL in the anteri-

or area was lower than in the posterior area.
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