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Role of Marginal Ridge Shape and Contact Extent in Proximal 
Caries Between Primary Molars

Vanessa Y Cho* / Nigel M King** / Robert P Anthonappa***

Objectives: To determine different combinations of marginal ridge shape (MRS) and contact extents in 
nature of the contact between primary molars and its correlation with the presence of carious lesions on 
radiographic examination of approximal surfaces. Study design: Retrospective study of 347 clinical records, 
including photographs and bitewing radiographs, were assessed for intact MRS and caries extent. The 
carious lesions were scored(0-5, Mejàre scoring system) radiographically and correlated to the intact MRS 
on clinical photographs, and strength of associations quantified using logistic regression analysis and chi-
square tests. Results: Primary molars, 848(contact extent), and 757(MRS) were analyzed. Combination of 
straight-convex(35.4%) MRS was more common(p<0.001). None of the approximal surfaces were caries-
free for straight and straight MRS with 36.4% of both approximal surfaces exhibiting caries in enamel, and 
38.2% of one approximal surface exhibiting caries in dentin. Approximately 90% of the primary molars with 
substantial contacts exhibited carious lesions in the enamel and 80% with light contacts exhibited carious 
lesions in the dentin (p<0.001). Conclusion: Six different combinations of intact MRS were identified. 
Combination of concave-convex shapes exhibited caries extending into dentin. Substantial and/or light 
contacts between primary molars showed higher caries experience in the approximal surfaces.
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INTRODUCTION

The approximal surfaces are those surfaces which form points 
of contact between adjacent teeth. They are also known as 
interproximal surfaces. For consistency, the word approx-

imal will be used throughout this text. Approximal carious lesions 
in primary molars are of frequent occurrence in children.1 Clinical 
detection of caries in the approximal areas is challenging until there 
are visible signs of cavitation.2

Traditionally, textbooks describe primary molars to exhibit 
flat, broad and tight contacts,3 which could be convex or concave 
in the buccolingual direction or the occlusal-cervical direction.4 
However, the primary molars are not always in contact, and so are 
the marginal ridges. Nevertheless, very few studies have examined 
the morphology of the contact areas and the nature of the contact, 
i.e. tight or open. Allison and Schwartz (2003) grouped the contacts 
between primary molars as open or closed, and they reported that 
80% to 84% of their sample exhibited closed contacts.5 Recently, 
Sun and co-workers stated that approximately 40% of the primary 
molars in their study showed tight contacts.6 It is logical to assume 
that tight contacts or absence of interdental spacing can increase the 
caries risk in children, as they lead to food and plaque impaction 
resulting in microbial colonisation and subsequent development 
of carious lesions.7 Furthermore, Almer-Nielsen and Madsen, 
concluded that plaque accumulation, bleeding on probing, and 
surface-formed contact (broad contact area) between the primary 
molar teeth were useful predictors for approximal caries in the 
primary dentition.8
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Recently, Cortes and co-workers evaluated the predictive 
power of the morphology of the primary molar contact surfaces on 
caries development in young children.9 They classified the surface 
morphology of adjacent, primary molar teeth as being concave and 
convex. They reported that the morphology of approximal surfaces 
in primary molar teeth, especially when both surfaces were concave, 
significantly increased the risk of developing caries. Furthermore, 
another recent classification (OXIS) for contact types grouped them 
into four sub-types, namely “O, X, I, and S”.10 Among the four 
sub-types, the I (75.5%) sub-type occurred commonly in children 
aged three to four years.10-11 While the use of CBCT imaging showed 
contact point at an occluso-cervical level, the study found that 
contact area occurred at the occlusal third, which can be correlated 
to occlusal views in clinical photographs to determine the overall 
marginal ridge shape.12

Consequently, the marginal ridge shape and its contact extent 
have an essential role in the occurrence of carious lesions in the 
approximal surfaces of the primary molars. To date, the association 
between marginal ridge shape, its contact extent, and approximal 
caries experience between primary molars has not been investi-
gated. Therefore, this study aimed to determine different combina-
tions of marginal ridge shape, the contact extents in occlusal view 
(nature of the contact) between primary molars, and its correlation 
with the presence of carious lesions on radiographic examination of 
approximal surfaces.

MATERIALS AND METHOD
Ethics approval for this retrospective study was obtained from 

the Human Research Ethics committee of The University of 
Western Australia (reference RA/4/20/4254).

Only dental records of children who met the following 
inclusion criteria were included in the final sample: aged seven 
years or less (with a full set of primary teeth), the presence of 
all primary molars with intact entire marginal ridge, a complete 
set of clinical records including clinical photographs (frontal, 
maxillary and mandibular arches) and bitewing radiographs, and 
born in Australia. Any teeth with restorations were excluded. For 
determining marginal ridge shapes, primary molars without any 
contact, i.e. open contacts were excluded and only included for the 
assessment of contact extent. 

As per the standard protocols, pediatric dental registrars usually 
take clinical intraoral photographs (frontal, maxillary and mandib-
ular views) with a digital camera (Canon EOS Rebel T2i 550D; 
Canon Inc., Tokyo, Japan) fitted with a 100-mm macro-lens and a 
ring flash. All photographs were taken at 1:3 magnification using 
f/22. The photographs were used to determine the intact marginal 
ridge shape and contact extent. For this study, the approximal 
surfaces of primary molars (tooth 55 mesial, tooth 54 distal, tooth 
65 mesial, tooth 64 distal, tooth 75 mesial, tooth 74 distal, tooth 85 
mesial, tooth 84 distal) were examined. A preliminary analysis of 
30 records were completed by two examiners revealed that some 
marginal ridge shapes did not fit the concave or convex types. 
Therefore, the types were modified from Cortes6 to include three 
different approximal surfaces (the shape of the marginal ridge) 
as concave, convex and straight–see Figure 1. As the types were 
examined in groups, open contacts between primary molars were 
excluded for the final analysis.

The extent of contact between the second primary molars and 
first primary molar was recorded as open, light or substantial. The 
length of the entire distal marginal ridge on the first primary molar 
was used as a reference. The contact extent was recorded as light 
when the contact was less than half the full length, substantial if 
the contact extended past half of the entire length of the intact 
distal marginal ridge of the first primary molar–see Figure 2.

Bitewing radiographs for all children were taken using a film 
holder (Rinn XCP, Dentsply, Australia). Dental X-ray units (Plan-
meca, Pro-X Helsinki, Finland) operating at 8 mA and 60 kV with 
a round collimation unit and a focus-to-skin distance of 0.35 m 
was used. The X-ray units were equipped with electronic timers. 
Exposure time was set to 0.125 s. The imaging plate systems used 
Scan-X Air Techniques (Air Techniques, Germany).

The approximal surfaces were classified according to a scoring 
system described by Mejàre.2 The scores are as follows, 0= no 
visible radiolucency, 1= radiolucency in the outer half of enamel, 
2= radiolucency in the inner half of enamel, 3= radiolucency in the 
dentin; broken enamel-dentin border without obvious spread in the 
dentin, 4= radiolucency with obvious spread in the outer half of 
dentin (less than halfway to the pulp), and 5= radiolucency in the 
inner half of dentin (more than halfway to the pulp). The scores 
were grouped as caries-free (Mejàre2 of 0) and caries (Mejàre2 
score of 1 to 5).

Two trained/calibrated dental examiners assessed clinical 
photographs and radiographs. For caries scores using radiographs, 
both examiners gave a lower score when in doubt or borderline. 
Children were excluded from the study if the quality of the radio-
graphs was reduced or if there was substantial overlap present on 
the approximal surfaces, making diagnosis difficult. Data was 
entered into a separate dataset which was subsequently merged 
for analysis to adjust diagnosing caries on the mesial and distal 
surfaces of the primary molars.

Records of 30 children were examined as a preliminary investi-
gation to test the inter-examiner consistency and then re-examined 
at a later date (1 month) to assess the intra-examiner’s reliability. 
The agreement of the examiners was found to be very good. Anal-
ysis of the repeated examinations gave Cohen’s Kappa scores of 
0.82 (inter-examiner) and 0.90 (intra-examiner) for contact types, 
0.87 (inter-examiner) and 0.89 (intra-examiner) for radiograph 
scores, and 0.93 (inter-examiner) and 0.95 (intra-examiner) for 
contact extent. Any uncertainties were discussed and redone.

Statistical analysis was performed with software R 8.2 (Stata 
Corporation, College Station, TX, USA). Chi-square testing was 
used, and p-values are reported to test if the approximal surface and 
the extent of caries differed among the contact extents. Logistic 
regression analysis was used, and p-values reported to examine the 
relation between the different combination of approximal surface 
types and the extent of caries. Following logistic regression, Tukey 
post hoc tests were performed to ascertain which percentages were 
significantly different, and the corresponding p-values reported.
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Figure 1. Primary molar contact types showing combinations of concave, convex and straight profiles. 

Figure 2. Primary molar contact extent classifications: a ) Light contact between teeth 54 and 55, b) Light contact between teeth 64 
and 65, c) Substantial contact between teeth 64 and 65, and d) open or spacing between teeth 84 and 85.  
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RESULTS
A total of 347 dental records met the inclusion criteria, 

of which 848 primary molars were included for contact 
extent, and 757 primary molars for intact marginal ridge shape anal-
ysis. The records were selected without any attempt to have an even 
gender distribution, and there were 171 males and 176 females; thus, 
no statistical difference was evident. The most common combina-
tion of intact marginal ridge shapes was straight-convex (35.4%), 
followed by convex-convex (29.6%), concave-convex (22.2%), 
straight-straight (9%), concave-straight (2.5%), and concave-con-
cave (1.3%) shapes, respectively (p<0.001), see -Table 1.

The various combinations of the intact marginal ridge shapes 
and the extent of the carious lesions on one or both approximal 
surfaces (both the distal surface of the first and mesial surface of the 
second primary molars) are listed in Table 1. For the combination 
of convex-convex marginal ridge shapes, only 23.8% of both the 
approximal surfaces were scored 0, i.e. no visible evidence of radio-
lucency or caries-free, 18.9% were scored 1 or 2 (i.e. radiolucency 
in the outer or inner half of enamel), and 5.9% were scored 3, 4 or 
5 i.e. [radiolucency beyond the dentino-enamel junction (DEJ) and 
into the dentin]. Similarly, for the combination of concave-convex 
shapes, 16% were caries-free, 19.8% exhibited carious lesions in 
the outer or inner half of enamel, and 25.7% of both the approx-
imal surfaces showed carious lesions beyond the DEJ and into the 
dentin. Interestingly, none of the approximal surfaces were caries-
free for the combination of straight-straight shapes with 36.4% of 
both approximal surfaces exhibiting carious lesions in the outer or 
inner half of enamel, and 38.2% of one approximal surface exhib-
iting carious lesions beyond the DEJ and into the dentin. Logistic 
regression analysis, using the Tukey post hoc test did not reveal 
statistically significant difference for a particular combination of 
marginal ridge shape and approximal caries experience.

Light contacts (58.6%) were more commonly occurring, 
followed by substantial (30.7%), and open (10.7%) contacts. For 
the contact extent, 91.2% of the approximal surfaces were caries-
free when there was an open contact. In comparison, only 15.7% 
and 6.7% of the approximal surfaces were caries-free for light and 
substantial contacts, respectively [(p<0.001), see-Table 2]. When 
the primary molars exhibited a substantial contact, 81% of both the 
approximal surfaces exhibited carious lesions in the enamel, and 
12.3% in the dentin. Similarly, When the primary molars exhib-
ited a light contact, 48.5% of the approximal surfaces exhibited 
carious lesions in the enamel, and 35% in the dentin (p<0.001), 
see-Table 2.

DISCUSSION
Six different marginal ridge shapes were identified in the 

present study. The combination of a straight-convex shape 
occurred frequently followed by convex-convex, concave-convex, 
straight-straight, concave-straight, and concave-concave shapes, 
respectively. For the marginal ridge shape and caries extent in the 
enamel (Score 1 and 2) on one or both the approximal surfaces, 
straight-straight combination exhibited the highest number of 
carious lesions followed convex-convex, concave-concave, 
straight-convex, concave-convex, and concave-straight, respec-
tively. Similarly, for the marginal ridge shape and caries extent in 
the dentin (score 3, 4 and 5) on one or both the approximal surfaces 
concave-straight exhibited the highest number of carious lesions 
followed by concave-convex, straight-straight, straight-convex, 
concave-concave, and convex-convex, respectively. However, no 
previous studies have investigated the marginal ridge shape and 
caries extent using Mejàre’s scoring system; hence a direct compar-
ison was not possible. Nevertheless, the only published study to 
investigate marginal ridge shape and caries extent reported that a 

Table 1. Distribution of marginal ridge shapes between the primary molars and the corresponding radiograph score described by 
Mejàre2

Marginal ridge 
shape

Prevalence 
(%)*

Caries free Caries in enamel Caries in dentin
95% 

Confidence 
Interval (%)

One 
surface 

(%)*

Both 
surfaces 

(%)*

One 
surface 

(%)*

Both 
surfaces 

(%)*

One 
surface 

(%)*

Both 
surfaces 

(%)*
Concave-Concave 1.3 23.9 18.2 19.5 11.1 18.2 9.1 (0.54, 34.30)

Concave-Straight 2.5 21.6 9.5 7.1 9.5 33.3 19 (6.34, 38.86)

Straight-Convex 35.4 24.7 5.2 13.8 14.3 33.2 8.8 (21.45, 30.19)

Straight-Straight 9.0 0 0 18.2 36.4 38.2 7.2 (1.86, 13.14)

Concave-Convex 22.2 8.8 16 4.8 19.8 24.9 25.7 (5.28, 13.55)

Convex-Convex 29.6 19.2 23.8 16.7 18.9 15.5 5.9 (4.02, 11.55)

Mejàre2 scores:

Caries free: Mejàre2 Score 0 = no visible evidence of radiolucency

Caries in enamel Mejàre2 Score 1 and 2 = radiolucency in the outer and inner half of enamel respectively

Caries in dentin: Mejàre2 Score of 3, 4, and 5 = radiolucency in the dentin; broken enamel-dentin border without obvious spread in the dentin, in the 
outer and inner half of dentin respectively

One surface (either distal of the first primary molar or mesial of the second primary molar)

Both surfaces (includes distal of the first primary molar and mesial of the second primary molar)

* where p-value is <0.001 for Chi square analysis
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concave-concave significantly influenced the risk of developing 
caries followed by concave-convex, convex-concave, and convex-
convex types.9 Again, given the different study methodology, it 
was impossible to compare the results.

The majority of the primary molar contacts identified were 
light and substantial types. Approximately, 81% of the primary 
molars with substantial contact exhibited caries in the enamel, 
while the primary molars with light contacts exhibited similar 
caries distribution in both the enamel (48.5%) and dentin (35.8%). 
Substantial contact between primary molars resulted in increased 
caries experience, which unfortunately could not be compared to 
other studies as this has not been investigated previously.

The shape of the intact marginal ridges was determined by 
evaluating the distal marginal ridge of the first primary molar and 
mesial marginal ridge of the second primary molar. Statistical 
analysis (Tukey post hoc test) of ridge shapes for the different 
combinations within the primary molars, i.e. concave on the first 
primary molar and convex on the second primary molar, compared 
to convex on the first primary molar and concave on the second 
primary molar, did not reveal any statistical difference, hence were 
combined into the concave-convex type.

The present study employed clinical photographs and radio-
graphs to estimate the marginal ridge shape, contact extent and 
caries depth. This child-friendly assessment method is advan-
tageous compared to using elastic bands for temporary elective 
separation to determine the morphology of the approximal surface 
of primary molar teeth, which by used by Cortes and co-workers.9 
However, the present study was retrospective in nature, which 
can be considered a limitation. The high inter- and intra-exam-
iner scores, and the diagnosis based on photographs and radio-
graphs with no access to clinical records by the two calibrated 
examiners strengthens these study findings. There is no doubt 
that dental caries is a multifactorial opportunistic infection; hence 
other variables such as ethnicity, oral hygiene, diet and habits may 
still contribute to the disease process. The nature of the sample 

are records from a tertiary setting where a significant cohort are 
referred for management of carious lesions; thereby, it is consid-
ered a high-risk group for dental caries. Although this may not be 
a true reflection of the general population, children at high risk 
of caries may allow for more carious lesions in a smaller sample. 
Therefore, the large number of surfaces assessed, and the consid-
erable number of carious lesions involved outweighs the potential 
sample bias. Furthermore, the strict inclusion criteria employed 
especially analysing teeth with intact marginal ridges, only 
strengthens the study design and findings. Nevertheless, future 
studies are essential to explore the predictive values of contact 
types and approximal caries experience in different populations 
and other risk-groups.

CONCLUSIONS
Six different combinations of marginal ridge shapes were iden-

tified. Of these, straight-convex marginal ridge shape occurred most 
commonly, and concave-convex shapes revealed the most signifi-
cant number of carious lesions extending into dentine. Light and/
or substantial contact between primary molars exhibited a higher 
caries experience in the approximal surfaces.  
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Table 2. The contact extent between primary molars and the corresponding radiograph score described by Mejàre2 (p<0.001)

Contact extent Prevalence 
(%)*

Caries free* Caries in enamel* Caries in dentin*

FPM 
(%)

SPM 
(%)

FPM+SPM 
(%)

FPM 
(%)

SPM 
(%)

FPM+SPM 
(%)

FPM 
(%)

SPM 
(%)

FPM+SPM 
(%)

Open 10.7 93.4 90.7 91.2 4.4 4.6 4.5 2.2 4.7 4.3

Light 58.6 24.3 4.6 15.7 35.9 65.8 48.5 39.8 29.6 35.8

Substantial 30.7 6.9 6.5 6.7 67.7 84.3 81.0 25.4 9.2 12.3

* where p-value is <0.001 for Chi square analysis

where FPM: first primary molar, SPM: second primary molar

Mejàre2 scores:

Caries free: Mejàre2 Score 0 = no visible evidence of radiolucency

Caries in enamel Mejàre2 Score 1 and 2 = radiolucency in the outer and inner half of enamel respectively

Caries in dentin: Mejàre2 Score of 3, 4, and 5 = radiolucency in the dentin; broken enamel-dentin border without obvious spread in the dentin, in the 
outer and inner half of dentin respectively
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