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Introduction

The periodontal disease initiation and progression is mainly in-
fluenced by the shifts and stability of  dental biofilm community 
[1]. However, not all patients with equal exposure to dental bio-
film community are susceptible to the disease. Furthermore, it has 
been shown that in patients who were susceptible to periodontitis, 
not all of  their teeth were equally affected by the disease [2]. Stud-
ies have demonstrated that the retentiveness, maturity and com-
position of  dental biofilm are highly variable in each colonised 
tooth, which eventually alters the periodontium health [3]. These 
variabilities were found to be associated with local factors such 
as oral hygiene, tooth malposition, tooth anatomy and gingival 
contours [4, 5].

It is perceived that periodontitis onset and progression occur 

more frequently at the interproximal surface [6]. The dimension 
of  the interproximal area appears to play some roles in the estab-
lishment of  the periodontal disease. This dimension is determined 
by an area of  interproximal contact, a horizontal distance between 
neighbouring teeth and vertical distance from the alveolar bone 
crest [7], which is occupied by interdental papilla. The papilla is an 
essential biological barrier that protects the periodontal structure, 
and also acts as a physical barrier against food impaction. The im-
perfection in shape and size of  the interproximal dimension may 
lead to problems in maintaining the integrity of  the interproximal 
area, which could lead to dental biofilm and later on periodontal 
disease. However, to the best of  our knowledge, there is limited 
study, if  any, on the relationship between the interproximal di-
mension and periodontal variables.

Most of  the clinical studies to date investigate the inter-subject 
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Abstract

Objective: This study focuses on investigating the influence of  the interproximal contact area and width on periodontal 
parameters. 
Materials and Methods: A total of  30 periodontitis subjects were involved in the study, and 661 teeth were selected for 
analysis. Periodontal parameters such as plaque score, gingiva score, clinical probing depth and radiographic bone level were 
recorded for each tooth. Upper and lower impressions were taken for construction of  study models which were used for the 
measurement of  interproximal contact area and width. simple linear regression (SLR) and multiple linear regressions (MLR) 
analysis were used to evaluate the relationship between periodontal parameters and interproximal dimension. 
Results: The SLR analyses consistently showed that the interproximal contact area and width were both significantly related 
with plaque score, gingiva score and bone level, and MLR analyses confirmed that both the interproximal contact area and 
width were significant predictors for each plaque score, gingiva score and bone level model. 
Conclusion: Within the limitation of  the study, we can conclude that the interproximal contact area and width have a sig-
nificant relationship with the presence of  dental biofilm, gingival bleeding and bone level in the subjects susceptible to peri-
odontal disease. 
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relationship between dental biofilm retentive factors and peri-
odontal health, where subjects are simply grouped into cohorts 
of  health and disease. This is quite problematic as the individual 
heterogeneity is not considered in the analysis [8]. Therefore, 
intra-subject studies investigating periodontal health in the same 
patient are invaluable [9]. Unfortunately, studies that use this ap-
proach are lacking, and no studies to date have investigated the 
relationship between the plaque retentive factors and periodontal 
disease using this method.

In clinical settings, understanding the relationship between local 
factors such as interproximal dimension and periodontal disease 
is essential in communication between clinician and patient about 
oral health education and treatment plan. Personalised oral hy-
giene regimen can be formulated and proposed if  it is proven 
that these local factors do have an impact on disease progression. 
It is generally agreed that periodontitis can be prevented, easily 
diagnosed and successfully controlled if  appropriate prevention, 
diagnosis and treatment are applied [10]. Periodontal diagnosis 
should include a thorough assessment of  possible risk factors 
to promote early detection of  disease and providing the earliest 
treatment possible. This study focuses on investigating the influ-
ence of  interproximal contact area and width on the periodontal 
parameters including plaque score, gingiva score, clinical probing 
depth and bone level.

Materials and Methods

A total of  17 men and 13 women were involved in the study, and 
661 teeth were selected for analysis. The subjects were periodon-
titis patient with basic periodontal examination (BPE) score of  
at least 3 or 4 at one of  the sextant and had not lost more than 4 
teeth. All subjects did not receive periodontal therapy within the 
last six months and had no underlying medical problems. Written 
informed consent was obtained from all subjects after the study 
had been explained. The study was approved by the Human Re-
search Ethics Committee (JEPeM) of  Universiti Sains Malaysia 
(USM/JEPeM/16110483).

All teeth, except wisdom teeth, were subjected to evaluation of  
clinical and radiographic periodontal parameters, which include 
plaque score, gingiva score, clinical probing depth and radio-
graphic bone level. An impression of  the upper and lower jaw was 
then taken using alginate impression material (Kromopan, Lascod 
S.P.A. Lab., Italy). Dental models were constructed using type III 
dental stone, Pro - Solid® (Saint-Gobain Formula, Germany), 
which were later used for measurement of  the interproximal con-

tact area and width. Prior to the start of  actual measurement, a 
calibration session was held to enumerate intra-examiner reliabil-
ity for measurement of  periodontal parameters. In all analyses, 
the percent agreement and kappa score were between 90 to 100% 
and 0.80 to 1.00, respectively.

Measurement of  periodontal parameters

The plaque score was assessed using O'Leary plaque index [11], 
and the gingiva score was assessed using Ainamo's Gingival Bleed-
ing Index [12]. Four surfaces were evaluated for each tooth, which 
was mesial, distal, facial and lingual/palatal. The tooth plaque and 
gingival score were either 0, 0.25, 0.5, 0.75 or 1, based on the num-
ber of  a surface with plaque or gingival bleeding.

Clinical probing depth (CPD) was recorded at six sites of  a tooth: 
mesiobuccal, distobuccal, mesiolingual, distolingual, midlingual 
and midbuccal, and the average CPD was the tooth's pocket 
depth score. Furthermore, the dental panoramic tomography 
(DPT) image of  each subject was used for the measurement of  
a radiographic bone loss, which is a distance between the cemen-
toenamel junction and bone crest, using the Image J software 
(National Institutes of  Health, University of  Wisconsin). The de-
marcation between a more radiodense enamel and less radiodense 
root cementum in the cervical region of  teeth in the radiograph 
was marked as the cementoenamel junction [13].

Measurement of  interproximal dimension 

The interproximal contact area is the zone in which two adjacent 
teeth meet (Foulger et al., 2010). It was measured as a distance in 
millimetres between the apical point (AP) and the occlusal point 
(OP) of  the contact area, using a digital calliper (Figure 1). The 
AP and OP were references for the interdental papilla tip and 
initiation of  the interdental occlusal embrasure, respectively [14]. 
For the measurement of  interproximal width, gingival zenith, 
the most apical part of  gingiva scallop was marked as a refer-
ence point (RP). The interproximal width was measured as the 
horizontal distance between the RP of  two adjacent teeth. The 
interproximal width values were assigned to the tooth on the me-
sial [15].

Statistical analysis

Statistical analyses were carried out using IBM SPSS (Statistical 
Package for the Social Sciences) Version 24.0. The influence of  
the interproximal contact area and width on periodontal param-

Figure 1. Measurement of  interproximal area (AP - OP) and width (RP - RP). AP = apical point, OP = occlusal point, and 
RP = reference point.
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eters were analysed using simple linear regression (SLR) and step-
wise multiple linear regressions (MLR) analysis. The unmeasur-
able surface on the dental model and radiograph was reported as 
a missing value. Significant level was set at p = 0.05.

Results

From 30 participants involved, 661 teeth were selected as study 
samples. The prevalence of  periodontally affected teeth (CPD ≥ 
4mm) in this study samples was 56.7%, which was comparable 
to 43.3% prevalence of  the healthy gingiva/gingivitis (CPD < 
4mm). The mean (standard deviation) plaque score and gingiva 

score were 0.49 (0.35) and 0.48 (0.34), respectively. Detail descrip-
tion of  the study sample is shown in Table 1.

Simple (SLR) and multiple linear regression (MLR) analyses were 
carried out to investigate the relationship between the interproxi-
mal dimension and periodontal parameters (Table 2). The SLR 
analyses consistently showed that the interproximal contact area 
and width were both significantly related with plaque score, gin-
giva score and bone level, and MLR analyses confirmed that both 
the interproximal contact area and width were significant predic-
tors for each plaque score, gingiva score and bone level model. 
Only in the clinical probing depth model, the interproximal con-
tact area was found not a significant predictor.

Table 1. Description of  study samples.

Variables Mean (SD) Frequency (%)
Intra-arch location of  tooth

Anterior
Posterior

346 (52.3)
315 (47.7)

Inter-arch location of  tooth
Maxilla

Mandible
333 (50.4)
328 (49.6)

Clinical probing depth
CPD ≥ 4mm
CPD < 4mm

375(56.7)
286 (43.3)

Periodontal variables
Plaque score
Gingiva score

CPD
Bone levelb

0.49 (0.35)
0.48 (0.34)
2.76 (1.05)
10.99 (5.08)

Interproximal dimension
Interproximal contact areaa

Interproximal widtha
3.4 (2.20)
7.35 (3.03)

n = 661; a = 2 missing values; b = 132 missing values; SD: standard deviation; CPD: clinical probing depth.

Table 2. Relationship between interproximal dimension and plaque score using simple and multiple linear regression.

Variables
SLR MLR

B
(95% CI)

R2

(t-stats)
p

value
Adj-β

(95% CI) t-stats p
value

Plaque score
IPA
IPW

-0.03 (-0.04, -0.02)
0.02 (0.01, 0.02)

0.03 (-4.17)
0.02 -3.47

< 0.001
0.001

-0.03 (-0.04, -0.02)
0.02 (0.00, 0.03)

-4.43
3.78

< 0.001
< 0.001

Gingiva score
IPA
IPW

-0.02 (-0.03, -0.00)
0.02 (0.01, 0.03)

0.01 (-2.65)
0.02 -3.77

0.008
< 0.001

-0.02 (-0.03, -0.01)
0.02 (0.01, 0.03)

-2.91
3.95

0.004
< 0.001

Clinical probing depth
IPA
IPW

0.02 (-0.02, 0.06)
0.05 (0.02, 0.07)

0 (1.18)
0.02 (3.45)

0.239
0.001

-
0.05 (0.02, 0.07)

-
3.45

-
0.001

Bone level
IPA
IPW

0.42 (0.01, 0.83)
-0.55 (-0.84, -0.27)

0.01 (2.01)
0.03 (-3.83)

0.045
< 0.001

0.54 (0.13,0.94)
-0.52 (-0.80,-0.23)

2.59
-3.52

0.01
< 0.001

Adjusted R2 = 0.08; n = 661; SLR = simple linear regression; and MLR = multiple linear regression; IPA = interproximal contact area; 
IPW = interproximal width.
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Discussion

The interproximal space is a pyramidal shape dimension bordered 
by the interproximal contact area at the peak, interproximal tooth 
surfaces on the mesial and distal sides, and alveolar bone crest at 
the base [16]. In the ideal condition, this space should be filled 
entirely by interdental papilla. Clinically, a precise measurement of  
the interproximal space is very difficult to achieve if  not impossi-
ble. Researchers used various measurement methods in an attempt 
to obtain a close estimation of  the interproximal dimension. For 
example, instead of  measuring the surface contact area, the meas-
urement of  the interproximal contact area can be represented by 
the length of  contact in an apicoincisal direction [14]. Depend-
ing on the objective of  the study, the height of  the interproximal 
space can be measured from the interproximal contact area to 
either; the alveolar bone crest using transgingival probing, radio-
graph methods or flap reflection methods [17-19]; or the gingival 
zenith line connecting adjacent teeth [15, 20 21]. Since our study 
was comparing the healthy and periodontally affected tooth, the 
gingival zenith line method is thought to be more suitable because 
of  a stable reference point and non-invasiveness. However, due to 
technical error in the measurement process, data on the interprox-
imal height were excluded from this manuscript. The horizontal 
distance of  the space is even harder to measure since there was no 
actual marking ever documented for interproximal space. Some 
studies used the gap between two adjacent roots for the estima-
tion of  the horizontal distance of  interproximal space [19, 22, 23]. 
In this study, the distance between gingival zenith points was used 
to measure the horizontal distance of  the interproximal area [24].

The interproximal space is not always fully occupied by the inter-
dental papilla. Observation by Tarnow et al. showed that when 
the papilla reaches a certain height, the reduced amount of  house 
papilla started to be noticed [18], which usually presented with a 
round or flat papillary tip, a black triangle. Apart from the obvious 
aesthetic problem, the black triangle creates an unprotected in-
terproximal area [25], which leads to food impaction that reaches 
from the facial or lingual/palatal direction. In addition, the re-
duced fill interdental papilla area complicates the patient oral hy-
giene care, hence encouraging dental biofilm retention. This study 
explores how the interproximal space contributes to the biofilm 
retention and establishment of  periodontal disease.

We found in this study that the length of  the interproximal contact 
area has a strong negative relationship with the plaque and gingiva 
score. The relation was found very weak with periodontal pocket, 
and no relation was found with bone level. We were unable to 
locate any similar study that evaluates the relationship between 
the interproximal contact area and periodontal parameters. How-
ever, the presence of  the contact point was previously reported 
in old studies to associate with lesser dental biofilm retention and 
periodontal tissue inflammation [26, 27]. The size, position and 
shape of  the interproximal contact areas are varied, depending 
on the factors like location and shape of  the contact and tooth 
contour [28]. A good interproximal contact will stabilise the tooth 
in the alignment and prevents the contact from separation during 
function. Thus, acting as an interproximal barrier against food 
impaction. The small interproximal contact area was also found 
to associate with increased height of  the interproximal area and 
reduced fill of  interdental papilla [29, 30], where the reduced fill 

of  interdental papilla is believed to associate with food impaction 
and possibly biofilm retention.

In our study, the interproximal width was found to has a strong 
positive relation with plaque score, gingival score and probing 
depth, but a negative relation with the bone level. Through our 
thorough literature search, we have not found any study that spe-
cifically looked at the relationship between interproximal width 
and the periodontal parameters. However, our finding could be 
explained by the presence of  a known direct relationship between 
the interproximal contact area and width. Increased in the inter-
proximal width means an increase in the distance between teeth, 
which is most probably associated with a loss or weak in the in-
terproximal contact and reduced the interdental papilla fill. These 
conditions eventually drive to the dental biofilm formation and 
retention, and periodontal inflammation [26, 31]. This inferential 
statement is supported by our multiple regression analyses that 
showed the interproximal contact area and width are the signifi-
cant predictors for the models of  plaque score, gingiva score and 
bone level (Table 2).

Interestingly, our data also showed that interproximal width was 
negatively associated with bone level, contradicting with the find-
ing on clinical probing depth. This is probably best explained by 
the understanding of  the root proximity rule. A human histologic 
study showed that the quality and quantity of  the interproximal 
bone are determined partially by the distance between the neigh-
bouring teeth, interproximal distance [32]. The close proximity 
of  the bone will reduce the thickness of  lamina dura and cause 
to the meagreness in cancellous bone, which was proposed to 
create the vulnerability of  interdental bone to external forces and 
inflammation [33, 34]. Lack of  cancellous bone quality was also 
found to associate with reduced bone repair capability and bone 
loss [22, 33].

This study evaluated the relationship between periodontal pa-
rameters and the interproximal dimension in the subjects known 
susceptible to periodontal disease. This intrasubject evaluation 
approach is advantageous as we can reduce the effect of  subject 
heterogeneity factors such as genetics, age, diet, smoking, alco-
hol intake or individual oral hygiene practices to the pathogenesis 
of  the periodontal disease [8, 35, 36]. On the other hand, the 
study used a purposive sampling method, which is subjective and 
non-probability in nature. This sampling method sets limitations 
to the study as it creates the possibility of  the researcher's bias 
in making sample selection. Also, in the periodontal parameter 
measurements, this study used the dichotomous, ordinal scale for 
measuring plaque and bleeding on probing, which was derogato-
ry. This scale only allows us to determine the presence or absence 
of  plaque and bleeding on probing, and it does not give a true 
quantitative measure of  those variables.

Conclusion

Within the limitation of  the study, we can conclude that the in-
terproximal contact area and width have a significant relationship 
with the presence of  dental biofilm, gingival bleeding and bone 
level in the subjects susceptible to periodontal disease. The under-
standing of  the role of  interproximal dimension in periodontal 
inflammation may help the clinician in predicting the susceptible 
teeth for periodontal disease and providing a personalised oral 
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hygiene instruction as well as treatment planning. This data gives a 
preceding for the future studies looking at the role of  local factors 
such as tooth rotation, crowding, drifting and displacement in the 
susceptibility of  periodontal disease.
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