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Abstract

Background: Interproximal contact loss (ICL) is a multifactorial implant complication. The aims of this prospective
clinical study were to evaluate proximal contact alterations between implant-supported fixed prostheses (IFPs) and
adjacent teeth and to identify potential contributing factors.

Materials and Methods: This study was conducted from April to September 2019 at the Department of Prosthodon-
tics. Forty-three patients (23 females and 20 males, age range 31-70) treated with 43 posterior IFPs were recruited
for this study. All proximal contacts (64) were checked visually and radiographically. Proximal contact tightness
(PCT) was clinically evaluated using dental floss and measured during removal of a calibrated 0.05 mm thick metal
strip previously inserted into the proximal area. Mesial and distal PCT were measured at restoration insertion (T0),
1-month follow-up (T1), and 3-month follow-up (T2). ICL was assessed in relation to the patients’ age, gender,
smoking habits, implant system, proximal contact position, jaw position and restoration type of the implant pros-
theses. The significance level was set at P value < 0.05.

Results: The PCTs between fixed implant prostheses and adjacent teeth decreased significantly between TO and T2.
Restoration type affected the loss of interproximal contact at the mesial (free-end restorations; P = 0.008) and distal
aspects (P < 0.001), whereas implant system affected only the distal aspects of the proximal contacts (P = 0.002).

Conclusions: Proximal contact tightness between fixed implant prostheses and adjacent teeth decreased over the
3-month observation period. Contact loss between fixed implant prostheses and adjacent teeth may be influenced
by restoration type and implant system.

Key words: Adjacent teeth, dental implants, implant complication, implant fixed prostheses, interproximal contact
loss, proximal contact strength, proximal contact tightness.
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Introduction

It is undeniable that the advent of osseointegration has
had a fundamental impact on therapeutic approaches and
strategies implemented today in the field of prosthetic re-
habilitation (1). In fact, osseointegrated dental implants
have been a successful treatment modality in partial and
complete edentulism for more than 35 years (2). Although
high survival rates were reported, 95% and 86.7% after
5- and 10-years respectively (3), a wide variety of bio-
logical, technical, and aesthetic complications have been
extensively documented (4). Over the last decade, inter-
proximal contact loss (ICL) between implant-suppor-
ted fixed prostheses (IFPs) and adjacent teeth has been
increasingly reported as a complication in daily clinical
practice (2,3,5-13). While acknowledging the fact that
implants lack the inherent physiological mobility of teeth
(14), proximal contact tightness (PCT) becomes more cri-
tical in implant-supported prostheses (15).

ICL can be defined as the absence of interproximal con-
tact between implant prostheses and adjacent teeth, whe-
re initially firm contact was established by the clinician
(16).

Several studies have investigated the occurrence of open
contacts that developed after implant restorations were
inserted next to teeth. According to these studies, the
prevalence of ICL varied between 17% and 66% (2,3,5-
13). This unpredictable complication occurred as early
as 3 months after prosthetic rehabilitation, usually on the
mesial aspect of an implant restoration and posterior in
the arch (17).

As the phenomenon of ICL seems to be multifactorial
(16), several authors have attempted to identify possible
causative factors. The aims of this prospective clinical
study were to evaluate proximal contact alterations be-
tween implant-supported fixed prostheses and adjacent
teeth and to identify potential contributing factors. The
null hypothesis was that the proximal contact strength
does not undergo significant changes over the 3-month
observation period.

Material and Methods

-Ethic statement

The study protocol was submitted to the Ethical Com-
mittee of Scientific Research of Saint Joseph University
in Beirut, Lebanon (USJ-2020-02). All procedures were
conducted in accordance with approved guidelines and
regulations. All patients were informed that the results
of interproximal contact tightness would be used in a
clinical study. Before enrolment, informed consent was
obtained from all subjects.

-Selection of study sample

This clinical prospective study was conducted from
April to September 2019 at the Department of Prostho-
dontics, Faculty of Dental Medicine, Saint Joseph Uni-
versity, Beirut.
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Patients who had been treated with implant-supported
single crowns (SC) or implant-supported fixed partial
dentures (FPDs), in the posterior region, were screened
during the period of data collection.

Subjects were included in the study if they met the fo-
llowing criteria: (i) presence of complete permanent
dentition (with or without the third molars), (ii) implants
placed in the posterior area distal to the canine teeth,
(iii) adjacent and opposing dentition involving natural
or restored teeth and single crowns delivered on natu-
ral teeth, (iv) no signs or symptoms of food impaction,
periodontal disease or temporomandibular disorders and
(v) periodic follow-up record. On the other hand, parti-
cipants were excluded due to the following: (i) systemic
disease such as bone or metabolic disease, (ii) a history
of orthodontic therapy or periodontal surgery, (iii) adja-
cent natural teeth or fixed dental prostheses with patho-
logical mobility (> 1 mm), (iv) parafunctional habits and
(v) adjacent restorations after prostheses delivery.

In accordance with the selection criteria, 43 participants
(20 men and 23 women) between 31 and 70 years of
age (51.72 + 9.540) were enrolled in this study. Among
the 43 IFPs supported by 64 implants, 23 IFPs were su-
pported by a single implant, 19 IFPs by two implants
and 1 IFP by three implants; 15 IFPs were in the maxilla
and 28 IFPs in the mandible. A total of 64 interproxi-
mal contacts between the implant-supported prostheses
and adjacent teeth were evaluated up to 3 months after
IFP insertion. The subject characteristics are presented
in Table 1.

-Implants and prostheses

All surgical and restorative phases were performed by
post-graduate residents in the Departments of Implan-

Table 1: Description of the study samples.

No. of patients (Men / Women) 43 (20/23)
Mean age (Range) 51.72 (31-70)
No. of implant fixed prostheses (SC /
43 (23/20)

FPDs)
No. of IFPs supported by

1 implant 23

2 implants 19

3 implants 1
No. of implants 64
Retention type (Cement / Screw) 43 (23 /20)
Jaw position (Maxilla / Mandible) 43 (15/28)
State of [FPs (Bounded / Free-end) 43 (21/22)
No. of proximal contact (Mesial / Distal) 64 (43 /21)

IFPs: Implant-supported fixed prostheses; SC: Single crowns; FPDs:
Fixed partial dentures
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tology and Prosthodontics, Saint Joseph University. All
implants were placed using a surgical guide provided
by the prosthodontist. The implant systems used in this
study were Shelta (Sweden & Martina), Replace (Nobel
Biocare), Straumann (Straumann), 31 (Biomet), Zim-
mer (Biomet), Klockner (Klockner) and Astra (Dents-
ply Sirona), in order of frequency of use. The definitive
implant prostheses were single crowns or fixed partial
dentures, which consisted of porcelain-fused-to-metal
crowns or zirconia crowns. The implants were placed
at bone or tissue level and the prostheses were either ce-
mented or screw retained.

Before IFPs insertion, all proximal and occlusal contacts
were checked. The proximal contacts were adjusted so
that waxed dental floss (Oral-B®, Essential floss 70 um)
could be inserted with definite resistance. Furthermore,
occlusal contacts were evaluated with 8 um shim stock
according to the implant protective occlusion concept.
After prosthesis delivery, proximal contacts were eva-
luated by the post-graduate residents, approved by the
fellow clinician, and then assessed by the investigator.
All cement-retained IFPs were delivered with Temp-
Bond™ (Kerr Corporation), a non-eugenol temporary
cement, to secure the retrievability of IFPs. Screw-retai-
ned IFPs were secured according to the manufacturer’s
instructions and retightened 3 days later.

-Clinical assessments

Before taking any measurements, each participant was
thoroughly examined by the investigator to ensure that
the previously mentioned inclusion criteria were satis-
fied. All clinical assessments were recorded at base-
line (immediately after prosthesis delivery; TO) and at
follow-up visits conducted 1 month (T1) and 3 months
(T2) after functional loading.

The proximal contact tightness was visually and radio-
graphically inspected, evaluated using dental floss and
measured based on the frictional force concept, which
occurs during removal of the metal strip. In addition, pa-
tients were asked if there was any discomfort related to
food impaction.

The measurement of PCT was carried out directly in the
patients’ mouths. Each participant was seated in a dental
chair in a reclined position, at 45 degrees, with head su-
pport. The proximal contact area was dried with a gentle
air stream before the measurement. All measurements
were operated at rest state and the subjects were restric-
ted not to occlude during the measuring procedure. The
recordings were performed by the same investigator for
standardization.

Waxed dental floss was used to evaluate the degree of
proximal contact tightness between implant-supported
prostheses and adjacent teeth. If the dental floss could
be inserted into an interproximal contact with definite
resistance, the tightness of the proximal contact was re-
garded as “tight”; it was deemed as “loose” or “open”
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if the dental floss could be inserted with minimal or wi-
thout resistance (ICL).

In addition, the PCT between implant prostheses and
adjacent teeth was measured by an orthodontic dynamo-
meter (Richmond orthodontic stress and tension gauge,
ETM Corporation).

A Tofflemire® Matrix, 5 mm wide, 25 mm long and 0.05
mm thick, was inserted into the proximal area along a
vertical pathway (perpendicular to the occlusal plane)
and hooked to the measuring gauge. When the metal
strip was slowly removed in a bucco-lingual direction
(Fig. 1), a frictional force occurred. The proximal con-

Fig. 1: Frictional force measurement.

tact tightness was quantified as the maximum frictional
force. Visible deformations of the metal strip during po-
sitioning led to a repetition of the experiment. This gau-
ge could measure up to 4.45 N.

Both mesial and distal PCT were measured in boun-
ded implant-supported prostheses, whereas only mesial
contact was recorded for free-end prostheses. In each
session, proximal contact tightness was repeated three
times, with at least 2-minute rest interval, to ensure va-
lidity. The mean value was determined and recorded for
analysis.

-Radiographic assessment

Upon insertion of the prostheses and at recall exami-
nation, periapical radiographs were taken with a digital
X-ray sensor parallel and an X-ray beam perpendicular
to the proximal embrasure between the implant-suppor-
ted prosthesis and the tooth.

-Patient assessment

At the recall examination, the patients were asked to re-
port whether they had experienced food impaction in the
proximal embrasure between the teeth and IFPs. If food
impaction was noted, the patient was asked to locate
the food impacted embrasure, i.c., mesial, distal or both
in relation to the implant-supported prosthesis (patient
awareness).
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-Study variables

The variables including patients’ age, gender, smoking
habits, implant system, proximal contact position (me-
sial or distal), jaw position (maxilla or mandible), res-
toration type (SC or FDPs; cement or screw-retained)
were collected on a structured proforma.

-Statistical analysis

Statistical analyses were performed using a software
program SPSS for Windows version 25.0 (Chicago, IL,
USA). The alpha error was set at 0.05. The Kolmogo-
rov-Smirnov test was used to verify the normality dis-
tribution of continuous variables. Repeated measures
analyses of variance followed by Bonferroni multiple
comparisons were conducted to compare the force wi-
thin time for mesial and distal contact.

Student t test and Mann-Whitney test were performed
to compare continuous variables between two groups.
ANOVA followed by Bonferroni multiple comparisons
and Kruskal-Wallis tests were performed to compare
continuous variables between three or more groups. Fi-
sher Exact test was performed to compare percentage.
The relationship between continuous variables were as-
sessed using Pearson correlation coefficient.

Results

Data from 43 mesial contact areas and 21 distal contact
areas between implant restorations and adjacent teeth
were analyzed. 95.3% of the mesial contact areas eva-
luated with floss and 90.5% of the distal contact areas
remained tight at the 3-month follow-up visits (Table
2). The difference was not statistically significant (P =
0.592).

The mean and the standard deviation of the proximal
contact strength are shown in Table 3.

The strength of mesial contact areas with distal contacts
decreased significantly over time (P = 0.004); the diffe-
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rence was not significant between TO and T1; the force
significantly decreased at T2 (P value = 0.009).

The strength of mesial contact areas without distal con-
tacts decreased significantly over time (P < 0.001); the
force significantly decreased between TO and T1 (P va-
lue < 0.001); the difference was not significant between
T1 and T2 (P = 0.080).

The strength of distal contact areas significantly decrea-
sed over time (P = 0.004); this force was highest in TO,
intermediate in T1 and smallest in T2.

The decrease of the force of mesial contacts in the ab-
sence of distal contacts within time was elevated (1.072)
(P value = 0.029). The decrease of the force of mesial
contacts in presence of distal contacts within time (0.531
N) was not significantly different from the decrease of
the force of distal contacts (0.531 N) (P > 0.05).
-Factors associated with proximal contact strength

The age of the participants was not significantly correla-
ted with the strength of mesial contact areas in presence
of distal contacts (P = 0.844). In addition, gender (P =
0.635), implant system (P = 0.670), type of restoration
(P =0.557) and jaw position (P = 0.116) did not affect
the strength of the contact areas (Table 4).

The age of the participants was not significantly correla-
ted with the strength of mesial contact areas in absence
of distal contacts (P = 0.844). In addition, gender (P =
0.739), smoking habits (P = 0.343), implant system (P
= 0.393) and jaw position (P = 0.433) did not affect the
strength of mesial contact areas. On the other hand, the
type of prosthetic restoration affected significantly the
contact areas; it was highest in single screwed crowns
(P =0.008) (Table 4).

Age (P = 0.427), gender (P = 0.150), smoking habits
and implant site (P = 0.853) did not affect the strength
of distal contact areas. The type of prosthetic restoration
affected significantly the contact areas; it was highest in

Table 2: Floss evaluation of proximal contacts over time.

Baseline to follow-up Mesial Distal Total

Tight-Tight 41 19 60

Loose-Loose - 1 1

Tight-Loose 2 1 3

Total 43 21 64

Table 3: Quantitative evaluation of proximal contact strength (Newton).
N TO T1 T2 p-value

Mesial with distal contact 21 3.959 £ .752 3.721 +.895 3.428 +.817 0.004
Mesial without distal contact 22 3.903 +.839 3.059 £ 1.129 2.831 +£1.222 0.001
Distal 21 3.284 + 1.159 2.899 +1.053 2.753 £ 1.163 0.004

TO: After prosthesis delivery; T1: 1-month follow-up; T2: 3-month follow-up

e482




J Clin Exp Dent. 2021;13(5):e479-86.

Vasoconstrictor, anxiety and cardiodynamic constants

Table 4: Factors associated with the strength of the contact area over time.

Mesial contact area Mesial contact area in Distal contact area
in presence of distal | absence of distal contact
contact

Gender Men 3.567 + 0.644 2.900 + 1.426 3.337 +1.024
Women 3.373 +0.891 2713 +£0.824 2.519 + 1.164

Sig. 0.635 0.739 0.150
Smoking habits Non smoker 3.405 £ 0.831 2950+ 1.284 2.835+1.129
Occasional 3.890 +0.000 2.293 +0.799 1.110 = 0.000

Sig. - 0.343 -
Implant system Replace 3.416 + 0.859 3.615 + 1.181 3.099 +0.776
3i 3.614 +0.923 3.002 £ 0.664 1.554 +0.893
Straumann 3.335+1.181 2.166 + 1.578 2.085+0.191
Zimmer 2.220 +0.000 3.200 + 1.768 1.110 = 0.000
Shelta 3.668 + 0.664 2.446 + 1.154 3.836 +0.603
Astra - 4.310 £ 0.198 -

Klockner 2.780 + 0.000 1.950 + 0.000 3.890 £ 0.000

Sig. 0.670 0.393 0.002
Type of restoration Cemented SC 3.103 +0.776 2.979 + 0.781 1.527 + 0.602
Screwed SC 3.771 £ 0.598 4.450 + 0.000 3.931 £0.337
Cemented FPDs 3.338 + 1.304 2918 + 1.511 2.155 +1.001
Screwed FPDs 3.405+0.731 1.760 + 0.518 3.128 £0.525

Sig. 0.557 0.008 <0.001
Jaw position Maxilla 3.207 £0.876 2.687 + 1.106 2.815 + 1.107
Mandible 3.788 +0.593 3.139 + 1.486 2715+ 1.240

Sig. 0.116 0.433 0.853

SC: Single crowns; FPDs: Fixed partial dentures

single screwed crowns. The implant system significantly
affected the distal contact areas (P < 0.001); the streng-
th was highest at the Klockner and Shelta implants, and
lowest at the 3i and Zimmer implants (Table 4).
-Inspection tool accuracy

General linear model performed was used to study the
difference between the scores obtained using 6 inspec-
tion tools. The scores were unified under the scale of
good resembled by 2 and bad resembled by one. For
qualitative variables, the proximal contacts were asses-
sed and dichotomized as “present” or “absent”. Howe-
ver, for quantitative variable, the dichotomization pro-
cess was based on the mean value.

Six-inspection tools were applied to evaluate the score
of the implant. The score of the inspection tools for both
mesial and distal side was significantly the lowest for the
visual and radiography method, followed by the frictio-
nal force method which was significantly lower than the
score obtained using floss, patient awareness and food
impaction (Figs. 2,3).
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Discussion

Interproximal contact loss, between fixed implant-su-
pported restorations and adjacent teeth has been a com-
plication in implant dentistry (18). It has been speculated
that proximal contact loss is an unpredictable multifac-
torial phenomenon which may occur over months or
years after implant prosthesis delivery (16,17).

The incidence of interproximal contact loss varied be-
tween 17% to 66% over a follow-up period ranging from
1 to 156 months (2,3,5-13). Nonetheless, this heteroge-
neity among studies may be due to patient’s age, study
population, prosthesis design, types of adjacent restora-
tions, occlusal forces, opposing dentition, monitoring
period, different methodologies to assess the integrity of
the interproximal areas and different statistical analyses
(17).

Although several studies addressed the incidence of ICL,
only one study distinguished between the development
of open contacts (floss passes between teeth unimpeded)
and the creation of loose contacts (floss encounters weak
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Score Mesial side

25
20
15
1.0
0.5

2.0 1.0 14 1.0
0.0

Floss Visual Frictional Radiography Patient Food

a b force b awareness impaction

C

Fig. 2: Score of the mesial side.

a a

Score Distal Side

25
2.0
15
1.0
0.5
1.9 1.0 1.2
0.0
Floss Visual Frictional
a b force

C

Fig. 3: Score of the distal side.

resistance) (6). Furthermore, previous studies noted that
the earliest occurrence of open contacts, between IFPs
and adjacent teeth, was detected after 3, 6 and 8 months
of function (5,6,10).

Interestingly, the earliest occurrence of ICL was no-
ted after 3 months (5), therefore the present investiga-
tion targeted the proximal contact alterations during a
3-month observation period.

At the time of IFP delivery, a tight proximal contact was
established across all proximal contacts. Although diffe-
rent methods have been used to evaluate the proximal
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contact strength (PCS), there was no consensus regar-
ding the most accurate technique. The PCS was eva-
luated, in the literature, by the ease of passing of dental
floss, various thicknesses of shim stocks, metal strips
insertion, and tooth pressure meter (19). Consequently,
PCS was clinically evaluated in this study using a den-
tal floss and quantified by measuring the frictional force
which occurred when the metal strip was removed from
the proximal area. It must be noted that this measuring
technique has some limitations in interpreting the PCS,
as it alters the physiological arrangement (20). In addi-
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tion, the interproximal areas were checked visually and
radiographically. Nevertheless, patient awareness and
assessment in case of food impaction were also conside-
red as an inspection tool. Among these inspection tools,
it has been shown that the frictional force assessment
remains the most objective therefore the most accurate
technique.

Osborn (21) was the first to construct a device for PCT
measurements based on the frictional force concept.
However, several modifications of this device were des-
cribed in the literature. Given that a thicker strip would
give rise to a subtle change and a thinner strip could be
easily torn intraorally, a strip of 0.05 mm thickness was
chosen. Additionally, a rest interval was ensured be-
tween measurements to allow a physiological recovery
of the proximal area.

The original proximal contact strength was lost, to some
extent, during the follow-up visits. Therefore, the null
hypothesis was rejected as significant differences in PCTs
were found over time. The present finding is in agree-
ment with a previous study (15). In fact, Ren et al. (15)
investigated consecutive changes in PCT and concluded
that PCT decreased significantly over the 3-month obser-
vation period after IFP delivery. However, the deliberate
increase in the PCT was unstable and diminished in less
than 3 months. It is worth mentioning that six ICLs oc-
curred within 1 month and were excluded from the data
analyses (9). Intriguingly, Zeng et al. (22) also noted the
first open contact 1-month after crown insertion.
However, the results of this study might imply that a
slightly tighter proximal contact, upon insertion, may
delay the proximal contact loss phenomenon. This as-
sumption is supported by the study of Shi et al. (13)
However, this statement should be confirmed by future
studies with longer follow-up periods.

Considering proximal contact position, ICL may de-
velop at the mesial as well as the distal aspect of the
proximal contact owing to the positional changes of the
adjacent teeth in relation to the IFP (6). In the present
study, both mesial and distal PCTs decreased significant-
ly throughout the follow-up period. A power test, for the
comparison within time between mesial and distal, was
calculated and was found to be greater than 80%.

This analysis indicated that the mesial aspects were more
likely to be lost than the distal ones, which agrees with
previous reports (2,6,9,12). The free-end restorations
showed the highest contact loss throughout the assess-
ment period which coincides with the findings of Luo
et al. (8) who stated that the contact loss in the free-end
prosthesis was 2.870 times that of bounded restorations.
Conversely, the ICL was not influenced by the proximal
contact position (mesial or distal) in the analysis of 21
IFPs that were bordered by both mesial and distal teeth.
This could be attributed to a relatively short observation
period (3-month).
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On one hand, restoration type influenced the PCS of
the mesial contact (free-end restorations) and the
distal contact. It was reported that various rotational
freedoms of butt joint implant-abutment components
and uncontrollable vertical positioning of conical abut-
ment-implant assemblies may lead to contact discre-
pancies at delivery. Also, conical abutment settling may
increase the PCT over time (16). Owing to these reasons,
the highest PCT was noted in the single screwed resto-
rations. Moreover, the implant system influenced only
the PCS of the distal contact. This could be attributed to
the connection design, number of implants and higher
occlusal load in the distal region. However, these fin-
dings should be interpreted with caution until confirmed
by future studies.

On the other hand, patients’ gender, smoking habits and
arch position did not significantly influence the proxi-
mal contact loss. Regarding gender, the result of the
present study corroborates with previous reports (2,6,8-
10,12,13). As far as arch position is concerned, this fin-
ding is in line with previously published studies (6,8,10).
The present study revealed some shortcomings. First,
different implant systems and different prostheses mate-
rial were included. In addition, PCTs in other quadrants
were not used as control groups. Another limitation was
the uncontrolled removal speed of the metal strip as well
as different prosthesis materials which might affect the
PCS. Finally, the follow-up period was relatively short.
To confirm the present conclusions, studies with longer
follow-up period are needed. The results of the current
study validate the urge to inform the patients regarding
the ICL complication. As the ICL incidence supposedly
tends to increase over time, an effort toward the preven-
tion and management of ICL warrants further innovation
and investigation.
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