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Open Proximal Contact with Implant-Supported Fixed 
Prostheses Compared with Tooth-Supported Fixed Prostheses: 

A Systematic Review and Meta-analysis
Won-suk Oh, DDS, MS1/Joon Oh, BS, MS2/Andre Joao Valcanaia, DDS3

Purpose: To investigate the odds of developing open proximal contact (OPC) between implant-supported fixed 
prostheses and adjacent teeth compared with that between tooth-supported fixed prostheses and adjacent teeth. 
Materials and Methods: A search was conducted in the Ovid MEDLINE, Embase, and Web of Science databases for 
clinical studies on OPC developed with implant-supported prostheses or tooth-supported prostheses. A meta-analysis 
was performed using statistical software to estimate the odds of developing OPC with implant-supported prostheses 
compared with tooth-supported prostheses, with a 95% confidence interval (CI). The statistical significance was defined 
as P < .05. Results: The odds ratio (OR) of developing OPC with implant-supported prostheses was 2.46 compared with 
tooth-supported prostheses (95% CI [1.21 to 5.01]; P = .013]. However, the data were highly heterogenous (τ2 = 0.40, 
I2 = 95.67%). The total estimates of developing OPC were 41% (95% CI [30% to 54%]) with implant-supported prostheses 
and 22% (95% CI [18% to 26%]) with tooth-supported prostheses. OPC was more prevalent at the mesial side than at the 
distal side of implant-supported prostheses (OR = 2.38, 95% CI [0.94 to 6]; P = .066), whereas OPC was more prevalent at 
the distal side than at the mesial side of tooth-supported prostheses (OR = 1.94, 95% CI [1.09 to 3.45]; P = .024). There was 
no statistically significant difference in developing OPC with covariates of sex, age, arch, splinting of implants or adjacent 
teeth, region, and vitality of adjacent teeth, retention type, opposing dentition, occlusal force, parafunctional activities, 
and follow-up time. OPC was found to increase 9% per year with implant-supported prostheses (OR = 1.09). The estimate 
of interproximal gap next to implant-supported prostheses was 245.8 μm (95% CI [86.4 to 405.3 μm]). Conclusion: Within 
the limitations of this systematic review and meta-analysis, the odds of developing OPC were significantly higher with 
implant-supported prostheses than with tooth-supported prostheses. However, the data were highly heterogenous, and 
thus, a well-designed randomized clinical study needs to be conducted to validate the results of this systematic review. 
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Implant-supported fixed prostheses are highly success-
ful for restoring functions and esthetics of partially 

edentulous patients.1 This treatment modality is com-
monly chosen to restore missing teeth and provide 
comfort by mimicking the appearance and functions 
of natural teeth. However, implant therapy may entail 

biologic and mechanical complications with individual 
variabilities and prosthesis designs.2 Open proximal con-
tact (OPC) is one of the common biologic complications 
occurring between implant-supported fixed prostheses 
and adjacent teeth.3–17

OPC may result from the physiologic migration of 
adjacent teeth. According to clinical studies,18–20 natu-
ral teeth can change in the positional relationship with 
aging and a decrease in the arch length. The maxilla and 
mandible were also noted to grow continuously under 
dynamic oral function.21 The growth of the facial bone 
continues even in adulthood with continuous eruption 
of teeth.22 The interproximal contact may be altered as 
a consequence of the growth, interproximal wear, and 
dynamic interdental force being developed under oc-
clusal function.23–25

Endosseous implants are not affected by craniofa-
cial growth and maintain their internal relationship 
within the jawbone.21,22 They act like ankylosed teeth 
and remain stationary within the arch. Because of the 
static nature of implants, a discrepancy may develop 
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between implant-supported prostheses and adjacent 
teeth, demonstrating a dynamic interrelationship with 
occlusal function. The teeth do not even make contact 
against the adjacent teeth at resting position, whereas 
during clenching, the contacts become tighter with the 
teeth depressed in the sockets.26–29 OPC may develop 
next to implant-supported prostheses when the adja-
cent teeth drift while implants remain constant.23,24

A well-contoured and firm proximal contact is criti-
cal for protecting gingival tissues and preventing car-
ies development.30–39 Food impaction may occur with 
wedging or entrapment of fibrous foods in open in-
terproximal space.6,7,15,35,36 Patients may experience 
discomfort and demonstrate an adverse reaction to 
periodontal tissue health, including caries develop-
ment.14,30,31,35,37,38 Furthermore, the peri-implant tissue 
can inflict damage with development of OPC because 
of the mucosal barrier attained by simple arrangement 
of circular fibers around implants.35,38

A number of clinical studies were conducted to in-
vestigate the development of OPC with implant thera-
py.3,4,6,7,9,10–12,14–16 However, previous clinical reports are 
inconsistent among each other, and the consecutive 
changes in the proximal contact with implant-supported 
prostheses are unclear compared with tooth-supported 
fixed prostheses.30–34 Thus, the objective of this study 
was to systematically review the current evidence on 
OPC developing between implant-supported prosthe-
ses and adjacent teeth compared with that develop-
ing between tooth-supported prostheses and adjacent 
teeth, and to analyze factors to estimate the odds of de-
veloping OPC with the prosthesis as a predictor variable. 

The null hypothesis was set to investigate no significant 
difference between implant-supported prostheses and 
tooth-supported prostheses in developing OPC.

MATERIALS AND METHODS

A bibliographic search was conducted using the Ovid 
MEDLINE, Embase, and Web of Science databases 
(Table 1). The search was limited to peer-reviewed arti-
cles published up to March 2020. In addition, the search 
terms were used on the Google search engine, followed 
by a manual search to identify articles pertinent to the 
topic of OPC developed between implant-supported 
prostheses and adjacent teeth and/or between tooth-
supported prostheses and adjacent teeth. The search 
was done to include randomized controlled trials and 
retrospective and prospective clinical studies accord-
ing to the following inclusion criteria: full-text articles 
focusing on OPC with implant-supported prostheses 
and/or with tooth-supported prostheses.

The articles were identified from the electronic data-
bases and exported to EndNote to eliminate the dupli-
cate publications. Titles and abstracts of all the articles 
were screened and read by two authors (W.S., J.O.), and 
irrelevant studies were excluded. The exclusion criteria 
were as follows: abstracts, case reports, review articles, 
and articles related to abnormal conditions, such as 
maxillofacial defects or systemic disorders. In addition, 
experimental laboratory studies, animal studies, and ar-
ticles related to fixed restorations connecting implants 
and natural teeth were excluded from the review.

Table 1  Electronic Databases and Search Strategy

Ovid MEDLINE (https://ovidsp.dc2.ovid.com/sp-4.05.0b/ovidweb.cgi); Epub Ahead of Print; In-Process & Other Non-Indexed Citations; 
Daily and Versions (708 results on March 20, 2020)
1. exp Dental prosthesis, Implant-Supported/ or exp Dental implants/ or exp Dental Implantation, Endosseous/ or (implant adj4 prosthes?s).

mp. or (implant adj2 restoration*).mp.
2. exp Denture, Partial, Fixed/ or “fixed partial denture*”.mp. or (“tooth supported” adj4 prosthes?s).mp. or (“tooth supported” adj2 

restoration*).mp. or bridge.mp. or bridges.mp. or exp Crowns/ or crown.mp. or crowns.mp.
3. exp Tooth mobility/ or exp Tooth migration/ or (proximal adj2 (contact or loss or alteration*)).mp. or (interproximal adj2 (contact* or 

space)).mp. or (contact adj2 (tightness or loss or open or faulty)).mp. or “missing contact point*”.mp. or infraposition.mp.
4. (1 OR 2) AND 3

Embase Advanced Search (https://embase.com/#advancedSearch/default) (134 results on March 20, 2020)
1. ‘Dental prosthesis and implant’/exp/mj or ‘Tooth implantation’/exp/mj or ((implant NEAR/3 prosthes?s):ti,ab,kw) or ((implant NEAR/3 

restoration*):ti,ab,kw) OR “fixed partial denture*”:ti,ab,kw
2. ‘Fixed partial denture’/exp/mj or “fixed partial denture*”:ti,ab,kw or ((“tooth supported” NEAR/4 prosthes?s):ti,ab,kw) or ‘Dental bridge’/

exp/mj or ‘Tooth crown’/exp/mj 
3. ((proximal NEAR/2 (contact or loss or alteration*)):ti,ab,kw) or ((interproximal NEAR/2 (contact* or space)):ti,ab,kw) or ((contact NEAR/2 

(tightness or loss or open or faulty)):ti,ab,kw) or “missing contact point*”:ti,ab,kw or infraposition:ti,ab,kw
4. (#1 OR #2) AND #3

Clarivate Web of Science Advanced Search (https://apps.webofknowledge.com/WOS_AdvancedSearch_input.do?SID=7EOoiRcJDEPKk
jhdMqx&product=WOS&search_mode=AdvancedSearch) (109 results on March 20, 2020)
1. TS=((“implant supported dental prosthes?s”) OR (“dental implant*”) OR (“dental implantation*”) OR (implant NEAR/4 prosthes?s) OR 

(implant NEAR/2 restoration*)) 
2. TS=((“fixed partial denture*”) OR (“tooth supported” NEAR/4 prosthes?s) OR (“dental bridge*”) OR (“tooth crown*”))
3. TS=((proximal NEAR/2 (contact or loss or alteration*)) OR (interproximal NEAR/2 (contact* or space)) OR (contact NEAR/2 (tightness or loss 

or open or faulty)) OR (“missing contact point*”) OR (infraposition)) 
4. (#1 OR #2) AND #3
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Full-text articles pertaining to the selection crite-
ria were included for data extraction. Each article was 
checked for inclusion and exclusion criteria. Two re-
viewers (W.S., J.O.) independently reviewed all selected 
full-text articles in detail and extracted data from each 
study, including year of publication, study design, so-
ciodemographic status of participants, number of im-
plants and prostheses, location of prostheses, retention 
type, number of proximal contacts, opposing dentition, 
follow-up time, assessment method, funding sources, 
and conflicts of interest. After identification of studies 
to be included, any disagreement between the two 
reviewers was resolved with discussion. If consensus 
was not reached, any disagreement was resolved by 
consulting with a third reviewer (A.V.). For articles that 
provided insufficient data to be included in the analysis, 
the corresponding author of the study was contacted in 
an attempt to obtain additional data.

The search strategy for this systematic review was 
based on a Population, Intervention, Comparison, and 
Outcome (PICO) framework with the following question: 
Are the odds of developing OPC greater with implant-
supported prostheses than with tooth-supported pros-
theses? The focus was to extract proportion of OPC as 
reference to the number of proximal contacts. How-
ever, if the selected article did not provide the number 
of proximal contacts but did report the number of im-
plants, prostheses, or patients, OPC was recorded as re-
ported as the variable. 

A quality assessment of the reviewed articles was 
performed following the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
guidelines for observational studies.40 This checklist de-
scribes 22 items for analysis of the report and quality 
of clinical studies. The studies presenting 15 or greater 
than 15 items were classified as having high methodo-
logic quality; those presenting 8 to 14 items were clas-
sified as having moderate quality; and those presenting 
7 or less than 7 items were low quality.

The data of individual studies were pooled quantita-
tively, and meta-analysis was conducted to reveal the 
difference in OPC developed with implant-supported 
prostheses and tooth-supported prostheses, using the 
metafor package from R version 3.6.2 (R Foundation 
for Statistical Computing). A separate random-effects 
meta-analysis for implant-supported prostheses and 
tooth-supported prostheses was used to estimate pro-
portion of OPC along with 95% confidence interval (CI). 
Using the prosthesis as a predictor variable, the studies 
were then combined with a single mixed-effects meta-
analysis to estimate the odds ratio (OR) of developing 
OPC. The meta-analysis used the logit transformed 
proportion and assessed heterogeneity using a chi-
square test based on I2 statistics.41 The statistical signifi-
cance was defined as P < .05.  

RESULTS

The details of selection and elimination of publica-
tions are summarized in the preferred reporting items 
for systematic reviews and meta-analysis protocols 
(PRISMA) study flow diagram (Fig 1).42 Thirty-three 
articles pertaining to the selection criteria were iden-
tified from electronic databases for full-text reading. 
Eighteen studies did not meet the inclusion criteria. 
One study was identified through manual search.33 
A total of 16 publications (5 prospective and 11 ret-
rospective studies) were chosen for data extraction: 
2 studies conducted in North America11,14 and 14 in 
Asia.3,4,6,7,9,10,12,15,16,30–34 The details of extracted data 
from each study are summarized in Table 2 for implant-
supported prostheses and Table 3 for tooth-supported 
prostheses.

All publications had one arm for OPC with implant-
supported prostheses (11 studies)3,4,6,7,9–12,14–16 or 
tooth-supported prostheses (5 studies).30–34 Nine stud-
ies were included to analyze 5,594 proximal contacts of 
implant-supported prostheses3,4,6,7,9,11,12,14,16 and five 
studies to analyze 1,719 proximal contacts of tooth-
supported prostheses.30–34 Two studies were excluded 
because of insufficient data for meta-analysis.10,15 The 
null hypothesis was rejected. OPC was significantly 
more prevalent with implant-supported prostheses 
than with tooth-supported prostheses (OR = 2.46, 
95% CI [1.21 to 5.01]; P = .013). The total estimates of 
OPC were 41% (95% CI [30% to 54%]) with implant-
supported prostheses and 22% (95% CI [18% to 26%]) 
with tooth-supported prostheses. However, the data 
were highly heterogenous for both implant-supported 
prostheses (τ2 = 0.57, I2 = 97.11%) and tooth-supported 
prostheses (τ2 = 0.06, I2 = 74.57%). The estimates of 
overall results are summarized and graphically illustrat-
ed using a forest plot for visual assessment of the varia-
tion among the studies (Figs 2 and 3, Tables 4 and 5). 

Four studies were included to analyze 600 mesial 
and 254 distal proximal contacts of implant-supported 
prostheses.4,6,12,16 The odds of developing OPC were 
greater at the mesial than at the distal side (OR = 2.38, 
95% CI 6 [0.94 to 6]) with estimates of 45% (95% CI [27% 
to 64%]) OPC at the mesial and 26% (95% CI [19% to 
35%]) at the distal side. However, the difference was not 
statistically significant (P = .066). OPC was significantly 
more prevalent at the distal than at the mesial side of 
tooth-supported prostheses (OR = 1.94, 95% CI [1.09 to 
3.45]; P = .024) based on the analysis of 482 mesial and 
451 distal proximal contacts.31,34 The total estimates of 
OPC were 26% (95% CI [20% to 33%]) at the distal and 
15% (95% CI [10% to 22%]) at the mesial side (Tables 4 
and 5).

Five studies were included to analyze 2,869 max-
illary and 2,293 mandibular proximal contacts of 
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implant-supported prostheses.4,6,12,14,16 OPC was more prevalent in the 
mandible than in the maxilla (OR = 1.64, 95% CI [0.53 to 5.03]; P = .389). 
Data were insufficient to conduct meta-analysis on the covariate of tooth-
supported prostheses. No significant differences were noted with other 
covariates of implant-supported prostheses, as follows: sex (women > 
men, P = .75), age (old > young, P = .29), splinting of implants (splint > 
nonsplint, P = .75) or adjacent teeth (nonsplint > splint, P = .95), region 
(nonmolar > molar, P = .75), and vitality of adjacent teeth (nonvital > vital, 
P = .65; Table 5). 

The data were insufficient to analyze the impact of opposing dentition, 
parafunctional activities, occlusal force, and retention type on developing 
OPC. Seven studies have reported a significant trend of increasing OPC 
with longer follow-up time.3,4,6,9,12,14,33 However, the impact of follow-up 
time as a continuous variable was insignificant when five studies were in-
cluded for meta-analysis (P = .7; τ2 = 0.89; I2 = 98.52%).3,6,9,12,14 Two studies 

were excluded because of insuffi-
cient data for statistical analysis.4,33 
OPC was estimated to increase 9% 
per year with implant-supported 
prostheses (OR = 1.09, 95% CI [0.71 
to 1.67]) and was found to prog-
ress continuously to increase the 
interproximal gap throughout the 
follow-up period.7,10,15 The total esti-
mate of interproximal gap between 
implant-supported prostheses and 
adjacent teeth was 245.8 μm (95% 
CI [86.4 to 405.3 μm]) based on two 
studies (Fig 4).7,15 One study was ex-
cluded because of insufficient data 
for statistical analysis.10

None of the 16 selected publi-
cations were classified as having 
low methodologic quality based 
on the STROBE checklist. Nine 
studies (56.3%) were found to be 
of moderate methodologic qual-
ity,3,10,11,14,15,30–33 and 7 studies 
(43.7%) were evaluated to be of high 
quality.4,6,7,9,12,16,34 Overall, the com-
pliance of the 16 publications was 
61.9% with the STROBE statements 
(SD: 11.9%; range: 40.9% to 81.8%).

DISCUSSION

The adjacent teeth are prone to 
migrate in the mesial direction fol-
lowing the occlusal forces driven 
anteriorly over time.3,18–25 Overall, 
the odds of developing OPC were 
greater than twice at the mesial 
compared with the distal side of 
implant-supported prostheses. The 
interproximal gap was also found 
to increase continuously where the 
distal contact was approximately 3 
times tighter than the mesial con-
tact.10 However, the mesial migra-
tion occurs in a 3D complex pattern 
with a labial or lingual component 
following an adaptive reaction to 
occlusal forces and growth of the 
supporting structure.3,15,21–25 OPC 
was more prevalent at the distal 
than at the mesial side of tooth-
supported prostheses. Interestingly, 
there was no difference in OPD at 
the distal side of implant-supported 

Fig 1  Flowchart of study design. 
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Table 2   Characteristics of Included Studies for Systematic Review and Meta-analysis on Open Proximal 
Contact Between Implant-Supported Fixed Prostheses and Adjacent Teeth

Study
Study 
design

No. of 
patients

Age, y (SD, 
range)

No. of 
implants

No. of 
implant 

prostheses
Retention 

type

Distribution 
of 

prostheses

No. of 
proximal 
contacts

Opposing 
dentition

Follow-
up, y (SD, 

range) Assessment

Wei et al 
(2008)3

P 28 Unchanged: 
56.7 (4.5); 
Contact 
loss: 58.6 
(6.5)

UR 55 
(18 in Mx, 
37 in Md)

UR 25 molar, 
26 premolar-
to-molar, 
4 anterior-
to-molar

UR UR Unchanged: 
1.3 (0.9); 
Contact loss: 
2.2 (1.1)

Metal strip 
(50 µm)

Koori 
et al 
(2010)4

R 105 (38 
men, 67 
women)

20–78 353 (91 in 
Mx, 262 
in Md)

146 
(ISCs, 2–4 
splinted 
ISCs, 3–6 
unit IFPDs)

UR UR 186 Natural 
teeth, TSCs, 
splinted 
TSCs, 
TFPDs, 
implant 
prostheses, 
RPDs, CDs

0.1–10.3 Metal strip 
(50 µm)

Byun 
et al 
(2015)6

R 94 (50 
men, 44 
women)

56 (27–83) 188 135 
(90 ISCs, 
45 IFPDs)

UR UR 191 (134 
mesial, 
57 distal)

UR 4.8 (0.3–13) Dental floss

Wong 
et al 
(2015)7

R 45 (18 
men, 27 
women)

45 
(11, 27–74)

UR 66 
(45 ISCs, 
21 IFPDs)

CRPs, 
SRPs

Posterior 62 Natural 
teeth 
(74.2%), 
RPDs (1.5%), 
TSCs or 
TFPDs 
(24.3%)

3.9 
(3.1, 0.5–12)

Tofflemire 
matrix 
bands 
(38 µm)

Luo et al 
(2016)9

R 78 (34 
men, 44 
women)

44.4 
(11.7, 23–76)

107 97 UR Posterior 165 UR 1.5 (0.1–3.7) Contact 
gauge (30 
μm) and 
dental floss

Ren et al 
(2016)10

P 20 (10 
men, 10 
women)

40 (11) 18 18 ISCs CRPs, 
SRPs

Bounded 
first molar 
in Md

36 Natural 
teeth

1 Contact 
gauge with 
metal strip 
(50 µm)

Varthis 
et al 
(2016)11

R 128 19–91 174 174 ISCs CRPs, 
SRPs

Anterior, 
posterior

UR Natural 
teeth, SCs, 
FPDs, RPDs, 
CDs

0.3–11 Dental floss 
(70 µm)

Pang 
et al 
(2017)12

P 150 (67 
men, 83 
women)

58.4 (21–79) 384 234 
(121 ISCs, 
98 splinted 
ISCs, 
15 IFPDs)

CRPs 65 bounded, 
165 free-end

299 Natural 
teeth, ISFPs, 
TFPDs, 
removable 
prostheses

7 Metal strip
(50 µm)

French 
et al 
(2019)14

R UR UR 4,325 
(2877 
for ISCs; 
1448 for 
IFPDs)

4,200 
(ISCs, ISFDs)

UR Anterior-to-
molar

UR 45.2% in 
occlusion, 
54.8% out 
of occlusion

4.5 
(0.3–21.6)

Dental floss         
(50 µm)

Jo et al 
(2019)15

R 13 (8 
men, 5 
women)

65.8 (9.9) 29 17 
(7 ISCs, 
9 splinted 
ISCs, 1 IFPD)

UR Premolar-
to-molar (5 
bounded, 12 
free-end)

17 (4 in 
Mx, 13 in 
Md)

5 ISFPs,
6 natural 
teeth, 
6 TFPDs

5.1 (2.6) 3D digital 
model

Shi et al 
(2019)16

P 74 (28 
men, 46 
women)

43.6 (22–70) UR 74 
(62 ISCs, 
12 IFPDs)

66 CRPs,  
8 SRPs

Premolar-to-
molar

144 UR 1 Dental floss

CD = complete denture; CRP = cement-retained prosthesis; ID = identification; ISC = implant-supported single crown; ISFP = implant-supported fixed 
prosthesis; IFPD = implant-supported fixed partial denture; Md = mandible; Mx = maxilla; No = number; P = prospective; R = retrospective; RPD = removable 
partial denture; SRP = screw-retained prosthesis; TFPD  tooth-supported fixed partial denture; TSC = tooth-supported single crown; UR = unreported; y = year.
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Table 3   Characteristics of Included Studies for Systematic Review and Meta-analysis on Open Proximal 
Contact Between Tooth-Supported Fixed Prostheses and Adjacent Teeth

Study
Study 
design

No. of 
patients

Age, y (SD, 
range)

No. of 
prostheses

Distribution 
of prostheses

No. of 
proximal 
contacts

Opposing 
dentition

Follow-
up, y  

(SD, range) Assessment

Gohil et al 
(1973)30

R 196 12–40 UR Posterior 469 UR UR Dental floss

Durr-E-
Sadaf et al 
(2011)31

R 96 (50 men, 
46 women)

UR 96 (82 TSCs, 
14 TFPDs)

54 molar, 
42 premolar

145 UR UR Dental floss

Akhtar et al 
(2015)32

R 69 (31 men, 
38 women)

39 (5) TSCs, 
TFPDs

UR 142 (95 
with TSCs, 
47 with 
TFPDs)

UR UR Dental floss

Huang et al 
(2017)33

P 82 > 20 TSCs, 
TFPDs

Posterior 175 UR 0.1–3.3 Contact gauge 
(30 μm) or 
dental floss

Almalki et 
al (2019)34

R 401 UR 401 TSCs 201 premolar, 
200 molar; 
243 in Mx, 
158 in Md

788 (401 
mesial, 
387 distal)

UR 0.3 Dental floss

ID = identification; Md = mandible; Mx = maxilla; No = number; P = prospective; R = retrospective; SD = standard deviation; TFPD = tooth-supported fixed 
partial denture; TSC = tooth-supported single crown; UR = unreported; y = year.

Study Weight Mean (95% CI)

Wei et al (2008)3 10.37% 50% (45%–70%)

Koori et al (2010)4 11.29% 43% (36%–50%)

Byun et al (2015)6 11.27% 34% (28%–41%)

Wong et al (2015)7 10.50% 65% (53%–76%)

Luo et al (2016)9 11.15% 29% (23%–36%)

Varthis et al (2016)11 11.27% 53% (45%–60%)

Pang et al (2017)12 11.45% 60% (54%–65%)

French et al (2019)14 11.70% 17% (16%–18%)

Shi et al (2019)16 11.00% 24% (18%–32%)

RE model Total 95% CI 100.00% 41% (30%–54%)

Random-effects model    
Heterogeneity: χ2 (df = 8) = 483.6, P < .0001; τ = 0.57; I2 = 97.11% 
Test for overall effect: Z = –1.39, P = .16 
10% 20% 40% 60% 80% Proportion

10 20 40 60 80
Proportion (%)

Fig 2  Total estimate of OPC between im-
plant-supported fixed prostheses and adja-
cent teeth. 

Study Weight Mean (95% CI)

Gohil et al (1973)30 22.26% 17% (14%, 21%)

Durr-E-Sadaf et al (2011)31 17.29% 25% (18%, 32%)

Akhtar et al (2015)32 17.77% 29% (22%, 37%)

Huang et al (2017)33 18.24% 23% (18%, 30%)

Almalki et al (2019)34 24.44% 18% (16%, 21%)

RE model Total 95% CI 100.00% 22% (18%, 26%)

Random-effects model    
Heterogeneity: χ2 (df = 4) = 14.6, P < .0006; τ = 0.06; I2 = 74.57% 
Test for overall effect: Z = –9.94, P =< .001 
10% 20% 40% 60% 80% Proportion

10 20 30 40
Proportion (%)

Fig 3  Total estimate of OPC between tooth-
supported fixed prostheses and adjacent 
teeth. 
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Study Weight Mean (μm) (95% CI)

Wong et al (2015)7 51.70% 167.20 (135.99, 198.41)

Jo et al (2019)15 48.30% 330.00 (263.45, 396.55)

RE model Total 95% CI 100.00% 245.84 (86.39, 405.29)

Random-effects model    
Heterogeneity: χ2 (df = 1) = 18.8, P < .0001; τ = 12,548.6; I2 = 94.69% 
Test for overall effect: Z = 3.02, P =< .003 
10% 20% 40% 60% 80% Proportion

100 200 300 400
Mean (%)

Fig 4  Total estimate of interproximal gap 
(μm) between implant-supported fixed pros-
theses and adjacent teeth. 

Table 4  Subgroup Estimates of Open Proximal Contact Predicted by Covariates of Investigation

No. of 
studies

OPC Heterogeneity test

Mean (%) 95% CI (%) χ2 df P value τ2 I2

Prosthesis type

 ISFP 9 41 30–54 483.61 8 .0001 0.57 97.11%

 TSFP 4 22 18–26 14.60 4 .006 0.06 74.57%

Sexa

 Men 3 36 16–63 35.79 2 .0001 0.88 94.44%

 Women 3 41 25–60 23.67 2 .0001 0.41 90.68%

Archa 

 Maxilla 5 28 12–51 169.43 4 .0001 1.20 97.26%

 Mandible 5 36 26–53 148.64 4 .0001 0.39 94.84%

Proximala

 Mesial 4 45 27–64 50.28 3 .0001 0.59 94.82%

 Distal 4 26 19–35 6.29 3 .099 0.10 51.93%

Proximalb

 Mesial 2 15 10–22 2.31 1 .128 0.06 56.78%

 Distal 2 26 20–33 1.76 1 .185 0.32 43.04%

Regiona

 Molar 4 29 18–42 27.47 3 .0001 0.33 90.35%

 Nonmolar 4 33 16–56 57.86 3 .0001 0.84 94.77%

Implanta

 Splint 2 30 7–70 8.90 1 .003 1.35 85.47%

 Nonsplint 2 27 22–33 0.10 1 .73 0 0%

Adjacent teetha

 Splint 2 49 41–56 0.12 1 .727 0 0%

 Nonsplint 2 52 17–84 46.75 1 .0001 1.35 97.86%

Adjacent teetha

 Vital 2 45 24–69 22.44 1 .0001 0.48 95.54%

 Nonvital 2 54 27–79 6.03 1 .014 0.59 83.43%

CI = confidence interval; df = degree of freedom; ISFP = implant-supported fixed prosthesis; No. = number; TSFP = tooth-supported fixed prosthesis.     
aCovariate for ISFP.
bCovariate for TSFP.
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prostheses (26%, 95% CI [19% to 35%]) and tooth-sup-
ported prostheses (26%, 95% CI [20% to 33%]).  

Previous research has found a dynamic relation of in-
terproximal contact with occlusal function.26–29 At rest, 
the proximal contacts were stronger in the mandible 
than in the maxilla, whereas during clench, the strength 
of the contacts was found to increase more in the max-
illa than in the mandible.27 The strength of mandibular 
contacts was not significantly different between at rest 
and during clench.27 Thus, occlusal function may have a 
greater impact on maxillary contacts than on mandibu-
lar contacts. However, OPC was more prevalent in the 
mandible (36%, 95% CI [26% to 53%]) than in the max-
illa (28%, 95% CI [12% to 51%)].3,4,6,9,14–16,34

Splinting may increase the resistance of the prosthe-
ses to forces and restrict the migration of teeth.7,12 OPC 
was more prevalent when implant-supported prosthe-
ses were associated with single-root adjacent teeth 
than with multi-root or splinted ones,4,6,12 whereas the 
interproximal gap was greater with splinted implant-
supported prostheses than with single crowns sup-
ported by implants (P = .1).7 Nevertheless, the impact 
of splinting of implants or adjacent teeth was not sig-
nificant on OPC (P > .7). 

The elderly may demonstrate a decrease in resis-
tance to forces with reduced level of bone around the 
teeth.12 In fact, two studies have reported a higher rate 
of OPC in the elderly than younger patients.4,12 OPC 
had an inverse relation with bone level around the 
adjacent teeth.12 However, the impact of age and sex 
on OPC was not significant in seven studies.3,4,6,7,12,14,16 
Likewise, bone level around the implants had no signifi-
cant impact on OPC.14

The opposing dentition may play a role in developing 
OPC because of the dynamic relation of interproximal 
contacts.26–29 However, no report has found a signifi-
cant relation between OPC and opposing dentition.7,12 
Interestingly, OPC was even found to occur when an 
implant-supported prosthesis was out of occlusion14 
and not opposing an antagonist.12 Some studies have 
also reported no significant impact of occlusal forces 
and parafunctional activities on OPC.3,7,16 In addition, 
no significant difference was found between the ante-
rior and posterior regions,3,6,7,11 and between premolar 
and molar sites.14,16 However, tooth-supported pros-
theses were found to develop OPC more frequently in 
molar (24.4%) than in premolar (12.4%) sites.34

Retrievability is recommended for correction of 
OPC.11 Screw retention is one strategy for allowing the 
removal of implant-supported prostheses from the 
mouth. However, screw retention may induce force ap-
plication to adjacent teeth because of a discrepancy 
in the fit of implant prostheses.43,44 Cement retention 
may eliminate the potential source of error related to 
the misfit of the implant abutment. However, there are 
issues of residual cement and retrievability of cement-
retained prostheses.45 One study even reported a 
greater proportion of OPC with cement-retained than 
with screw-retained prostheses.16 However, the differ-
ence in retention mechanism had no significant impact 
on OPC.7,16

The interproximal contact can vary with a different 
pattern of facial growth,19,21,22,25 vitality of adjacent 
teeth,4 and time of day.27 An increase in contact tight-
ness may not be kept stable and may gradually dimin-
ish because of orthodontic force subjected to adjacent 

Table 5  Odds Ratio Estimates of Open Proximal Contact Predicted by Covariates of Investigation

No. of 
studies 

Odds ratio of OPC Heterogeneity test

Investigation Mean 95% CI χ2 df P value τ2 I2

Prosthesis type ISFP over TSFP 14 2.46 1.21–5.01 6.15 1 .013 0.40 95.67%

Sexa Women over men 3 1.24 0.33–4.71 0.10 1 .75 0.64 93.18%

Agea Risk per year 6 1.05 0.96–1.15 1.12 1 .29 0.51 93.83%

Archa Mandible over maxilla 5 1.64 0.53–5.03 0.75 1 .387 0.77 96.71%

Proximala Mesial over distal 4 2.38 0.94–6.00 3.38 1 .066 0.38 88.79%

Proximalb Distal over mesial 2 1.94 1.09–3.45 5.13 1 .024 0.05 50.86%

Regiona Molar over nonmolar 4 0.83 0.27–2.56 0.11 1 .745 0.59 93.63%

Implanta Splint over nonsplint 2 1.27 0.30–5.40 0.10 1 .747 0.43 86.46%

Adjacent teetha Splint over nonsplint 2 0.94 0.17–5.25 0.005 1 .947 0.70 93.79%

Adjacent teetha Nonvital over vital 2 1.42 0.32–6.44 0.21 1 .645 0.52 93.33%

Follow-upa Risk per year 5 1.09 0.71–1.67 256.30 1 .696 0.89 98.52%

CI = confidence interval; df = degree of freedom; ISFP = implant-supported fixed prosthesis; No = number; TSFP = tooth-supported fixed prosthesis.
aCovariate for ISFP.
bCovariate for TSFP.
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teeth.10 Thus, the patient should be informed of pos-
sible development of OPC. A significant factor for de-
veloping OPC may be follow-up time, as reported in 
seven studies.3,4,6,9,12–14 OPC was even found to occur 
less than 3 months after the delivery of implant-sup-
ported prostheses and to increase over time.3,14 There 
were peak periods of incidence where approximately 
50% of OPC occurred within the first 3 to 9 years after 
the implant therapy.4,6,12

The limitations of this study include variations of ef-
fect size with different methods of assessment and pa-
tient sampling across the studies. The follow-up times 
varied from 0.25 to 13 years. Some studies reported 
OPC based on the number of implants, and others re-
ported proximal contacts, prostheses, or patients. Other 
variables included implant location, retention type, op-
posing dentition, facial growth pattern, parafunctional 
activities, stability of adjacent teeth, and time that OPC 
occurred. The publication search was thorough to se-
lect the articles conforming to the inclusion criteria. 
However, publication bias could not be excluded be-
cause of inaccessibility to unpublished studies. 

CONCLUSIONS

Within the limitations of this systematic review and 
meta-analysis, the odds of developing OPC with implant-
supported prostheses were 2.5 times greater than with 
tooth-supported prostheses. OPC was twice as prevalent 
at the mesial compared with the distal side of implant-
supported prostheses, and the opposite was the case 
with tooth-supported prostheses. However, there was 
no significant difference in OPC between the mesial 
and distal sides of the prostheses. OPC was even found 
to progress continuously to increase the interproximal 
gap throughout the follow-up period. However, the data 
were highly heterogenous, and thus, a well-designed 
randomized clinical study needs to be conducted to vali-
date the results of this systematic review.
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