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Factors influencing proximal contact loss between fixed implant
prostheses and adjacent natural teeth: a retrospective study
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Abstract (J Korean Assoc Oral Maxillofac Surg 2025;51:26-32)

Objectives: To investigate the causal factors of proximal contact loss (PCL) between an implant prosthesis and the adjacent natural teeth using cast
model analysis.

Materials and Methods: Patients who underwent restoration using dental implants in the posterior region were analyzed. To identify factors associ-
ated with PCL incidence, cast model analyses were conducted based on sex, implant site, jaw position, Angle’s classification, anterior overbite, pre-
existing interproximal gap between consecutive (mesial side) natural teeth adjacent to the implant, generalized gap of the full arch, and mandibular
anterior crowding. Chi-square, multivariate logistic regression, and multivariate generalized estimating equation (GEE) analyses were used to evaluate
the impact of each factor. The incidence of PCL over time was analyzed using Kaplan-Meier analysis.

Results: Of 653 implants, 293 implants were selected from 240 patients. Ninety implant sites (30.7%) showed PCL between the implant prostheses
and the adjacent teeth. The analysis of PCL incidence revealed a gradual increase over time, with half of PCL cases occurring by 19.2 months. The chi-
square test revealed significant associations between a pre-existing interproximal gap between adjacent natural teeth and a generalized overall gap in
the corresponding arch and PCL (P=0.002 and P=0.027). The logistic regression (P=0.007, odds ratio [OR]: 2.684) and GEE (P=0.003, OR: 3.255)
showed significant correlations between PCL and a pre-existing interproximal gap between adjacent natural teeth.

Conclusion: The occurrence of PCL between implant prostheses and adjacent teeth is influenced by the pre-existing interproximal gap between con-

secutive natural teeth adjacent to the implant. This factor should be carefully monitored.
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|. Introduction

Food impaction is a challenging problem in implant den-
tistry because it causes discomfort, caries in adjacent natural
teeth, and periodontal problems'”. In natural teeth, food
impaction is related to the contour of the marginal ridge,
integrity of the interproximal contact, type of occlusion, and
contours of the lingual and buccal surfaces”’. Food impac-

tion in implant restorations might be influenced by similar
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factors®. However, a crucial distinction between natural teeth
and implants is that natural teeth are subject to mesial drift,
which leads to space loss and crowding, whereas implants
maintain a fixed position within the jawbone”"”. Previous
studies have shown that 28.6%-64.3% of food impaction
cases occur between natural teeth with loose or open adjacent
contacts, whereas 94.2% of cases between implant pros-
theses and natural teeth had loose or open contacts'**. This
indicates that the interproximal contact of implants might be
more susceptible to food impaction than that of natural teeth.
Consequently, meticulous attention must be paid to proximal
contact loss (PCL) between implant prostheses and adjacent
natural teeth.

Several studies have shown that PCL increases over

3,13,14

time and have investigated the potential involvement

of several factors in the formation of PCL between implant

23,15.16 16,17
2

prostheses and the adjacent natural teeth: age sex ',

presence of splinting in implant prostheses’, maxillary or
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4118 type of prosthesis™'®, opposing

mandibular location
dentition’, and bone loss in the adjacent natural teeth'’. Nev-
ertheless, there is no consensus about the etiology of PCL
between fixed implant prostheses and adjacent natural teeth.

Identifying the underlying cause of PCL intraorally can
be challenging. Consequently, a cast model analysis, which
compares the model cast at the time of implant restoration
with the intraoral situation following PCL, is an essential
tool. Analyses of occlusal forces and occlusal patterns can
also help to deduce the cause of PCL.

Our aim in this study was to investigate the causal factors
of PCL between an implant prosthesis and the adjacent natu-
ral teeth by using a cast model analysis.

Il. Materials and Methods

This study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital (No.
B-1501-284-108) and was conducted in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization Guidelines for Good Clinical Practice. Writ-
ten informed consent was waived because this study is retro-
spective.

This study analyzed data from patients who received fixed
partial implant prostheses at the Department of Prosthodon-
tics, Section of Dentistry of Seoul National University Bun-
dang Hospital between January 2006 and December 2014.

The inclusion criteria were as follows: (1) Patients who
received fixed partial implant prostheses in the premolar or
molar region. (2) Patients whose working cast models were
preserved at the time of implant prosthesis fabrication. (3)
Patients with two or more adjacent natural teeth present on
the mesial side of the implant prosthesis. (4) Patients who re-
ceived regular clinical examinations at least once a year.

The exclusion criteria were as follows: (1) Patients with a
removable prosthesis in the opposing dentition. (2) Patients
for whom an occlusion analysis was not possible due to mul-
tiple prosthetic treatments. (3) Patients with follow-up peri-
ods of less than 12 months.

1. Clinical assessment

Electronic medical records were examined to collect each
patient’s age, sex, time of restoration, follow-up period, and
implant site and jaw position. Each patient with an implant
restoration was routinely examined for PCL by a single
prosthodontist during every follow-up appointment. The

prosthodontist examined interdental spaces with wax-coated
dental floss (Oral-B Essential Floss; Procter & Gamble) and
recorded them. To assess PCL, the resistance level of the den-
tal floss during insertion and removal was recorded as tight,
reduced, or loss of resistance. Reduced resistance and loss of
resistance were considered to indicate PCL between the im-

plant restorations and the adjacent natural teeth.

2. Cast analysis

Occlusal patterns were classified according to the positional
relationship of the maxillary and mandibular first molar teeth
using Angle’s classification. The presence of a pre-existing
gap between the natural teeth on the mesial side adjacent to
the implant prosthesis was investigated. Patients with three or
more gaps within the same dental arch were classified as hav-
ing a generalized gap in the dental arch, and patients with an
overbite of 4 mm or more in the anterior teeth were classified
as having an anterior deep bite. This investigation was con-
ducted to determine whether mandibular anterior crowding
occurs when the implant is positioned in the mandible.

3. Data analysis

Among the patients who met the inclusion criteria, multiple
implant prostheses placed in different locations (e.g. maxil-
lary/mandibular, left/right) were treated as independent cases.
There was a minimum of one case and a maximum of four
cases per patient. The correlation between PCL incidence and
the analyzed factors (sex, implant site, jaw position, Angle’s
classification, gap between adjacent teeth, generalized tooth
gap in the dental arch, anterior deep bite, and mandibular
anterior tooth crowding) was analyzed using the chi-square
test and logistic regression test. A multivariate generalized
estimating equation (GEE) was used to consider within-
individual effects. Each analysis was conducted with the
significance level set at P<0.05. The incidence rate of PCL
over time during the observation period was assessed using a
Kaplan—Meier analysis. For factors that demonstrated a sta-
tistically significant correlation with PCL, differences in the
Kaplan—Meier analysis were examined based on their pres-
ence or absence. The statistical analysis was performed using
IBM SPSS Statistics for Windows ver. 24.0 (IBM).

lll. Results

Out of 653 implants, 293 implants from 240 patients who
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met the predefined inclusion criteria were analyzed. The
characteristics of the patients included in this study are sum-
marized in Table 1.

Of the 293 implant sites examined, 90 (30.7%) developed
PCL between the implant and the proximal tooth. The timing
of PCL development varied from 5.0 to 51.0 months after
implant placement. The Kaplan—Meier analysis of PCL inci-
dence revealed a gradual increase over time, with half of PCL
cases occurring by 19.2 months.(Fig. 1)

Table 2 shows the results of chi-square testing of the ob-
served factors. A pre-existing interproximal gap between
adjacent teeth (P=0.002) and the presence of an overall gap
in the corresponding arch (P=0.027) were significantly asso-
ciated with a proximal gap between the implant and adjacent
natural teeth. Based on this result, a multivariable logistic
regression analysis was conducted to further evaluate and as-
sess the odds ratios for those factors. This analysis indicated
a significant increase in the odds of PCL development for

implant prostheses when patients had pre-existing interproxi-

Table 1. Baseline characteristics of the participants

Characteristic Value Mean+SD
Age, yr 25-84 60.38+11.14
Sex
Male 119 (49.58)
Female 121 (50.41)
Mean follow-up period, mo 12.00-105.36 29.10£13.95
Implant site 293

(SD: standard deviation)

Values are presented as number only, number (%), or range.

Jong-Hee Kim et al: Factors influencing proximal contact loss between fixed implant
prostheses and adjacent natural teeth: a retrospective study. J Korean Assoc Oral Maxil-
lofac Surg 2025
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Fig. 1. Kaplan—Meier survival curve of proximal contact loss rates
between fixed implant-supported prostheses and adjacent teeth.
Jong-Hee Kim et al: Factors influencing proximal contact loss between fixed implant
prostheses and adjacent natural teeth: a retrospective study. J Korean Assoc Oral Maxil-
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mal gaps between the adjacent natural teeth (P=0.007). How-
ever, in patients with an overall gap in the same dental arch,
no significant correlation with PCL incidence was observed
(P=0.075).(Table 3)

The outcomes were similar when a multivariate GEE was
used to correct for within-individual effects.(Table 4) Those
results show no correlation between the incidence of PCL
and sex, implant site, jaw position, anterior deep bite, Angle’s
classification, mandibular anterior crowding, or the pres-
ence of an overall gap in the corresponding arch. However, a
significant correlation was observed between a pre-existing
interproximal gap between the adjacent natural teeth and the
incidence of PCL (P=0.003).

The Kaplan—Meier analysis revealed differences in the

Table 2. Correlation between the variables and proximal contact
loss in the chi-square test

Total No. of
. . P-value
implant site contact losses
Sex
Male 153 44 (28.8) 0.447
Female 140 46 (32.9)
Implant site
Premolar 100 28 (28.0) 0.468
Molar 193 62 (32.1)
Jaw position
Maxilla 147 43(29.3) 0.585
Mandible 146 47 (32.2)
Angle’s classification
Class I 248 78 (31.5) 0.521
Class II division 1 8 1(12.5)
Class II division 2 18 4(22.2)
Class IIT 19 7 (36.8)
Gap between adjacent natural teeth
No 257 71 (27.6) 0.002*
Yes 36 19 (52.8)
Generalized tooth gap in dental arch
No 240 67 (27.9) 0.027*
Yes 53 23 (43.3)
Anterior deep bite
No 257 82 (31.9) 0.238
Yes 36 8(22.2)
Mandibular anterior crowding
No 76 28 (36.8) 0.221
Yes 70 19 (27.1)
*P<0.05.

Values are presented as number only, or number (%).

The chi-square test does not compute odds ratios.
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Table 3. Correlation between the variables and proximal contact
loss in the logistic regression analysis

Odds ratio  P-value
Gap between adjacent natural teeth 2.684 0.007*
Generalized tooth gap in the dental arch 1.768 0.075

*P<0.05.

Jong-Hee Kim et al: Factors influencing proximal contact loss between fixed implant
prostheses and adjacent natural teeth: a retrospective study. J Korean Assoc Oral Maxil-
lofac Surg 2025
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Table 4. Correlation between the variables and proximal contact
loss in the multivariate generalized estimating equation analysis

95%
0Odds Confidence
e interval ~ P-value
Min Max
Sex (male/female) 1.366 0.801 2.329 0.252
Implant (premolar/molar) 1.205 0.717 2.024 0.482

Gap between adjacent natural teeth 3.255 1.511 7.011 0.003*
Generalized tooth gap in the dental arch 1.774 0.949 3.316 0.072

Deep bite 0.754 0.264 2.158 0.599
Mandibular anterior crowding 1.566 0.763 3.213 0.222
*P<0.05.
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presence and absence of pre-existing interproximal gaps be-
tween the adjacent natural teeth, a factor that was shown to
be significantly associated with the development of PCL in
the previous statistical analyses. The time to 50% PCL was
shorter when pre-existing interproximal gaps were present
between the natural teeth adjacent to the implant prostheses.

(Fig. 2)
IV. Discussion

The incidence of PCL between implant prostheses and the
adjacent natural teeth observed in this study was 30.7%. A
recent meta-analysis on the formation of PCL for implant
prostheses revealed a prevalence of 29%', which is similar to
our results. The prevalence of PCL in this study is also simi-
lar to previous studies that reported it to be 29%-34%">'>"
and lower than that reported in other studies (43%-65%)">"**
when studies with less than 1 year of observation were ex-
cluded. This difference might be because of the relatively
short observation intervals in this study and the fact that the
implant maintained the same occlusal contact as the adjacent
natural teeth to avoid concentrating forces on the natural
teeth. It might also be attributed to the varied methods used
to measure PCL across the different studies. Previous studies
used a Tofflemire matrix band (38 pm), wax-coated dental
floss, and a 50-um metal strip or contact gauge™"**'. The lit-
erature on quantitative measurements of the gap size between
implant restorations and adjacent natural teeth is limited">".

This study was designed to consider factors that had been
studied in previous research, as well as factors related to the
movement of natural teeth adjacent to the implant. Consider-
ing the mesial shift of natural teeth as a potential causative
factor of PCL, this study was conducted from two perspec-
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Fig. 2. Kaplan-Meier cumulative incidence of proximal contact
loss in implant prostheses according to the presence or absence
of gaps between adjacent natural teeth.
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tives. One area of investigation concerned the relationship
between the occlusal force and occlusal pattern, and the other
focused on the role of the interdental space in PCL develop-
ment.

Previous research has shown that mesial drift of natural
teeth occurs because of the anterior component of occlusal
force and mesial tilting of natural teeth>***. This study used
each patient’s cast model to analyze Angle’s classification,
anterior deep bite, and mandibular anterior crowding, which
are factors related to occlusal force or occlusion pattern, as
potential causative factors of PCL.

A higher incidence of PCL has been reported when the
occlusal force is concentrated in the intercanine region”. In
cases of Angle’s class II malocclusion, the posterior teeth
play a major role during mastication, leading to a lower in-
tercanine occlusal force than in other classifications™. There-
fore, it was inferred that the incidence of PCL in Angle’s
class II malocclusion might be lower, and it was incorporated
as a potential causal factor in this study. However, no sig-
nificant correlation was found between different occlusion
types, such as Angle’s classification or anterior deep bite, and
the incidence of PCL. When analyzing the occlusal force in
skeletal patterns, some studies revealed that differences in
occlusal forces were caused not by the horizontal pattern of
the skeleton but by vertical skeletal factors, such as a lower
mandibular angle or higher posterior facial length/anterior

2324

facial length ratio™"". Because Angle’s classification is based

on a horizontal skeletal pattern, it might not relate to occlusal
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forces, which might thus be related to PCL incidence. Further
research should analyze occlusal forces in a larger number of
cases with different classes of Angle’s classification.

In clinical practice, the position of interdental spaces has
been observed to change over time, differing from the cast
model made for implant prostheses. Based on this observa-
tion, this study investigated the potential causal factors of
PCL, including pre-existing spaces, such as the gap in natural
teeth adjacent to the implant prosthesis and the generalized
tooth gap in the dental arch. According to our statistical
analysis, the odds of developing PCL between an implant
prosthesis and proximal natural teeth were approximately
three times higher (2.684 times in the logistic regression,
3.255 times in the GEE) in patients with a pre-existing inter-
proximal gap between the adjacent natural teeth than in those
without such a gap. These findings underscore the clinical ne-
cessity for heightened vigilance and care when dealing with
patients who have pre-existing gaps between the adjacent
natural teeth.

Factors associated with PCL that have been investigated
in previous studies were also examined in the present study.
No significant difference has been reported in the incidence

16,17

of PCL according to sex ', which is consistent with our re-

sults. Additionally, some studies have shown no relationship

16,17,21 . . . :
, which is also consistent with our

results. Some of those studies included the anterior teeth'””',

with the implant site

whereas others included only premolars and molars, as in the
present study'®. Thus, the movement of adjacent natural teeth
might not strongly correlate with their position.

The relationship between jaw position and PCL incidence
has been the subject of much debate. Some studies have re-

316,17
, Where-

ported a higher incidence of PCL in the mandible
as others have reported a higher incidence in the maxilla".
Another study found no significant correlation between jaw
position and PCL incidence, which aligns with the findings
of this study'®. Bone density might play a role in tooth move-
ment, and it was expected that the maxilla, which has a rela-
tively lower bone density, would have greater natural tooth
movement and therefore a higher risk of PCL'. However, the
results did not reveal a significant difference, perhaps due to
the involvement of factors other than bone density, such as
occlusal force, in the movement of natural teeth.

In this study, the incidence of PCL in cases of implant
prostheses gradually increased over time, with a median time
to the incidence of PCL of 19.2 months. This timescale is
shorter than that reported in previous studies, which indicated
that half of the prostheses showed PCL within a period of 3-9

30

years”'"'*. Such discrepancies can be explained by differenc-
es in methodology or the recall intervals used in the various
studies'*.

The Kaplan—Meier analysis of the presence or absence of a
pre-existing interproximal gap between the natural teeth adja-
cent to the implant prosthesis, a factor that has been demon-
strated to be significantly associated with the development of
PCL in statistical analyses, showed that 50% of PCL develop-
ment occurs earlier in patients with a pre-existing interproxi-
mal gap between the adjacent teeth than in those without one.
Overall, it can be reasonably assumed that the incidence of
PCL in implant restorations is higher and more likely to occur
at an earlier time in patients with a gap between the adjacent
natural teeth.

To ascertain potential causal factors, a chi-square test
was initially used. Based on the findings of that preliminary
analysis, a multivariate logistic regression analysis was
conducted to further evaluate the respective risks. In both
analyses, causal factors were prioritized, patient-specific fac-
tors were excluded, and each case was treated independently.
Therefore, this study also ran a multivariate GEE analysis
to account for patient-specific factors. Our objective in us-
ing that method was to investigate the correlation between
the potential risk factors and the incidence of PCL while
simultaneously adjusting for individual effects within each
case. When multiple cases are reported in the same patient,
case-based analyses ignore the dependency within a patient,
which potentially violates the principle of statistical inde-
pendence and could bias the results®?. Therefore, a statisti-
cal analysis method that considers the possibility of data
dependence within a patient is needed”*”". In dental research,
many bilateral or quadrilateral cases have been reported in
the same patient, as observed in this study. Therefore, careful
consideration is crucial when selecting an analysis unit that
adequately accounts for intrasubject correlation. The GEE is
known to improve statistical power and facilitate the inter-

29,30 .
. The reason for not using

pretation of site-specific results
the GEE analysis exclusively in this study was mainly that
most participants were single cases, and even among those
with multiple cases, no consistent trend was observed in their
positions. Therefore, analyses using only this method would
have limitations. We thus used various analysis methods and
compared and interpreted the results together.

In clinical situations, the following factors should be con-
sidered. In the short term, food impaction after the placement
of fixed implant—supported prostheses can be attributed to er-

rors in the laboratory process or adjustment of the prosthesis.
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Therefore, the proximal surfaces of the adjacent teeth must
be considered before making an impression, including the re-
moval of calculus and plaque, as well as controlling the path
of insertion. The medium-term incidence of food impaction
can be addressed by ensuring closer proximal contact in im-
plant prostheses, which will require preparing for anticipated
changes in the proximal surface contact when a pre-existing
interproximal gap is present between the adjacent natural
teeth. In the long term, PCL can develop because of factors
such as the anterior movement of the proximal teeth; there-
fore, implant prostheses must have retrievability to repair the
proximal surface when such issues develop.

This study has several limitations, such as the limited num-
ber of patients classified with Class II and Class III maloc-
clusion and the choice not to consider the growth of the jaw.
Moreover studies examining the relationship between PCL
and occlusal schemes such as canine guidance and group
function seem to be necessary. A prospective study incorpo-
rating a longer observation period and a larger participant
cohort should be conducted to yield more comprehensive
results.

V. Conclusion

The incidence of PCL between an implanted prosthesis
and the adjacent tooth was 30.7%, with a median time to the
occurrence of PCL of 19.2 months. Within the limitations of
this retrospective study, the presence of a pre-existing inter-
proximal gap between consecutive natural teeth adjacent to
the implant restoration was associated with a high incidence
of PCL between an implant prosthesis and the adjacent natu-
ral teeth and an earlier onset of its occurrence.

ORCID

Jong-Hee kim, https://orcid.org/0000-0002-6137-5389
Yang-Jin Y1, https://orcid.org/0000-0001-8341-4759

Authors’ Contributions

Y.J.Y. participated in the study design. J.H.K. participated
in writing the manuscript and data collection and performed
the statistical analysis. All authors helped to draft the manu-
script. All authors read and approved the final manuscript.

Funding

No funding to declare.

Ethics Approval and Consent to Participate

This study was approved by the Institutional Review
Board of Seoul National University Bundang Hospital (No.
B-1501-284-108) and was conducted in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization Guidelines for Good Clinical Practice. Writ-
ten informed consent was waived because the study is retro-

spective.

Conflict of Interest

No potential conflict of interest relevant to this article is
reported.

References

1. Hancock EB, Mayo CV, Schwab RR, Wirthlin MR. Influence of in-
terdental contacts on periodontal status. J Periodontol 1980;51:445-
9. https://doi.org/10.1902/jop.1980.51.8.445

2. Wong AT, Wat PY, Pow EH, Leung KC. Proximal contact loss
between implant-supported prostheses and adjacent natural teeth: a
retrospective study. Clin Oral Implants Res 2015;26:¢68-71. https://
doi.org/10.1111/clr.12353

3. Koori H, Morimoto K, Tsukiyama Y, Koyano K. Statistical analysis
of the diachronic loss of interproximal contact between fixed im-
plant prostheses and adjacent teeth. Int J Prosthodont 2010;23:535-
40.

4. Khairnar M. Classification of food impaction - revisited and its
management. Indian J Dent Adv 2013;5:1113-9.

5. Jung JH, Oh SC, Dong JK. A clinical study on the occurrence of
food impaction. J Korean Acad Prosthodont 2000;38:50-8.

6. Gokhale S, Padmaja K, Shah A. Food impaction after crown place-
ments. ] Adv Med Dent Sci Res 2014;2:162-5.

7. Newell DH, John V, Kim SJ. A technique of occlusal adjustment
for food impaction in the presence of tight proximal contacts. Oper
Dent 2002;27:95-100.

8. Shin DW, Lee JH, Kim SY, Dong JK. Clinical study on the food
impaction between implant prostheses and adjacent teeth. J Ko-
rean Acad Prosthodont 2014;52:27-33. https://doi.org/10.4047/
jkap.2014.52.1.27

9. Heij DG, Opdebeeck H, van Steenberghe D, Kokich VG, Belser U,
Quirynen M. Facial development, continuous tooth eruption, and
mesial drift as compromising factors for implant placement. Int J
Oral Maxillofac Implants 2006;21:867-78.

10. Jemt T. Measurements of tooth movements in relation to single-im-
plant restorations during 16 years: a case report. Clin Implant Dent
Relat Res 2005;7:200-8. https://doi.org/10.1111/j.1708-8208.2005.
tb00065.x

11. Wat PY, Wong AT, Leung KC, Pow EH. Proximal contact loss
between implant-supported prostheses and adjacent natural
teeth: a clinical report. J Prosthet Dent 2011;105:1-4. https://doi.
org/10.1016/50022-3913(10)00174-5

12. Thilander B, Odman J, Jemt T. Single implants in the upper inci-

31


https://orcid.org/0000-0002-6137-5389
https://orcid.org/0000-0001-8341-4759
https://doi.org/10.1902/jop.1980.51.8.445
https://doi.org/10.1111/clr.12353
https://doi.org/10.1111/clr.12353
https://rep.nacd.in/ijda/pdf/5.1.1113.pdf
https://rep.nacd.in/ijda/pdf/5.1.1113.pdf
https://koreascience.kr/article/JAKO200024718503737.page
https://koreascience.kr/article/JAKO200024718503737.page
https://www.jamdsr.com/abstractissue.php?id=203
https://www.jamdsr.com/abstractissue.php?id=203
https://doi.org/10.4047/jkap.2014.52.1.27
https://doi.org/10.4047/jkap.2014.52.1.27
https://doi.org/10.1111/j.1708-8208.2005.tb00065.x
https://doi.org/10.1111/j.1708-8208.2005.tb00065.x
https://doi.org/10.1016/s0022-3913(10)00174-5
https://doi.org/10.1016/s0022-3913(10)00174-5

J Korean Assoc Oral Maxillofac Surg 2025;51:26-32

15.

16.

18.

20.

21.

32

sor region and their relationship to the adjacent teeth. An 8-year
follow-up study. Clin Oral Implants Res 1999;10:346-55. https://
doi.org/10.1034/j.1600-0501.1999.100502.x

. Byun SJ, Heo SM, Ahn SG, Chang M. Analysis of proximal con-

tact loss between implant-supported fixed dental prostheses and
adjacent teeth in relation to influential factors and effects. A cross-
sectional study. Clin Oral Implants Res 2015;26:709-14. https://
doi.org/10.1111/clr.12373

. Pang NS, Suh CS, Kim KD, Park W, Jung BY. Prevalence of

proximal contact loss between implant-supported fixed prostheses
and adjacent natural teeth and its associated factors: a 7-year pro-
spective study. Clin Oral Implants Res 2017;28:1501-8. https://doi.
org/10.1111/clr.13018

Jo DW, Kwon MJ, Kim JH, Kim YK, Yi YJ. Evaluation of ad-
jacent tooth displacement in the posterior implant restoration
with proximal contact loss by superimposition of digital mod-
els. J Adv Prosthodont 2019;11:88-94. https://doi.org/10.4047/
jap.2019.11.2.88

Shi JY, Zhu Y, Gu YX, Lai HC. Proximal contact alterations be-
tween implant-supported restorations and adjacent natural teeth in
the posterior region: a 1-year preliminary study. Int J Oral Maxil-
lofac Implants 2019;34:165-8. https://doi.org/10.11607/jomi.6870

. French D, Naito M, Linke B. Interproximal contact loss in a ret-

rospective cross-sectional study of 4325 implants: distribution
and incidence and the effect on bone loss and peri-implant soft
tissue. J Prosthet Dent 2019;122:108-14. https://doi.org/10.1016/
j.prosdent.2018.11.011

Luo Q, Ding Q, Zhang L, Peng D, Xie QF. [The loss of inter-
proximal contact between posterior fixed implant prostheses and
adjacent teeth: a retrospective study]. Zhonghua Kou Qiang Yi
Xue Za Zhi 2016;51:15-9. Chinese. https://doi.org/10.3760/cma.
j-1ssn.1002-0098.2016.01.005

. Manicone PF, De Angelis P, Rella E, Papetti L, D'Addona A. Proxi-

mal contact loss in implant-supported restorations: a systematic re-
view and meta-analysis of prevalence. J Prosthodont 2022;31:201-
9. https://doi.org/10.1111/jopr. 13407

Varthis S, Randi A, Tarnow DP. Prevalence of interproximal open
contacts between single-implant restorations and adjacent teeth.
Int J Oral Maxillofac Implants 2016;31:1089-92. https://doi.
org/10.11607/jomi.4432

Wei H, Tomotake Y, Nagao K, Ichikawa T. Implant prostheses and

22.

23.

24.

25.

26.

27.

28.

29.

30.

adjacent tooth migration: preliminary retrospective survey using
3-dimensional occlusal analysis. Int J Prosthodont 2008;21:302-4.
Jensen WO. Occlusion for the Class Il jaw relations patient.
J Prosthet Dent 1990;64:432-4. https://doi.org/10.1016/0022-
3913(90)90039-f

Braun S, Bantleon HP, Hnat WP, Freudenthaler JW, Marcotte MR,
Johnson BE. A study of bite force, part 1: relationship to various
physical characteristics. Angle Orthod 1995;65:367-72. http://doi.
org/10.1043/0003-3219(1995)065%3C0367:ASOBFP%3E2.0.
CO;2

Choi WC, Kim TW. Relationship between maximum bite force and
facial skeletal pattern. Korean J Orthod 2003;33:437-51.

Halabi D, Escobar J, Mufioz C, Uribe S. Logistic regression
analysis of risk factors for the development of alveolar osteitis.
J Oral Maxillofac Surg 2012;70:1040-4. https://doi.org/10.1016/
jJjoms.2011.11.024

Park MS, Kim SJ, Chung CY, Choi IH, Lee SH, Lee KM. Statisti-
cal consideration for bilateral cases in orthopaedic research. J Bone
Joint Surg Am 2010;92:1732-7. https://doi.org/10.2106/jbjs.i.00724
Bryant D, Havey TC, Roberts R, Guyatt G. How many patients?
How many limbs? Analysis of patients or limbs in the orthopaedic
literature: a systematic review. J Bone Joint Surg Am 2006;88:41-
5. https://doi.org/10.2106/jbjs.e.00272

Ranstam J. Repeated measurements, bilateral observations and
pseudoreplicates, why does it matter? Osteoarthritis Cartilage
2012;20:473-5. https://doi.org/10.1016/j.joca.2012.02.011

Pardo MC, Alonso R. GEEs for repeated categorical responses
based on generalized residuals. J Stat Comput Simul 2012;84:344-
59. https://doi.org/10.1080/00949655.2012.709355

Liang KY, Zeger SL. Longitudinal data analysis using generalized
linear models. Biometrika 1986;73:13-22. https://doi.org/10.1093/
biomet/73.1.13

proximal contact loss between fixed implant prostheses and

How to cite this article: Kim JH, Yi YJ. Factors influencing

adjacent natural teeth: a retrospective study. J Korean Assoc
Oral Maxillofac Surg 2025;51:26-32. https://doi.org/10.5125/
jkaoms.2025.51.1.26



https://doi.org/10.1034/j.1600-0501.1999.100502.x
https://doi.org/10.1034/j.1600-0501.1999.100502.x
https://doi.org/10.1111/clr.12373
https://doi.org/10.1111/clr.12373
https://doi.org/10.1111/clr.13018
https://doi.org/10.1111/clr.13018
https://doi.org/10.4047/jap.2019.11.2.88
https://doi.org/10.4047/jap.2019.11.2.88
https://doi.org/10.11607/jomi.6870
https://doi.org/10.1016/j.prosdent.2018.11.011
https://doi.org/10.1016/j.prosdent.2018.11.011
https://doi.org/10.3760/cma.j.issn.1002-0098.2016.01.005
https://doi.org/10.3760/cma.j.issn.1002-0098.2016.01.005
https://doi.org/10.1111/jopr.13407
https://doi.org/10.11607/jomi.4432
https://doi.org/10.11607/jomi.4432
https://doi.org/10.1016/0022-3913(90)90039-f
https://doi.org/10.1016/0022-3913(90)90039-f
http://doi.org/10.1043/0003-3219(1995)065%3C0367:ASOBFP%3E2.0.CO;2
http://doi.org/10.1043/0003-3219(1995)065%3C0367:ASOBFP%3E2.0.CO;2
http://doi.org/10.1043/0003-3219(1995)065%3C0367:ASOBFP%3E2.0.CO;2
https://e-kjo.org/journal/view.html?volume=33&number=6&spage=437
https://e-kjo.org/journal/view.html?volume=33&number=6&spage=437
https://doi.org/10.1016/j.joms.2011.11.024
https://doi.org/10.1016/j.joms.2011.11.024
https://doi.org/10.2106/jbjs.i.00724
https://doi.org/10.2106/jbjs.e.00272
https://doi.org/10.1016/j.joca.2012.02.011
https://doi.org/10.1080/00949655.2012.709355
https://doi.org/10.1093/biomet/73.1.13
https://doi.org/10.1093/biomet/73.1.13
https://doi.org/10.5125/jkaoms.2025.51.1.26
https://doi.org/10.5125/jkaoms.2025.51.1.26



