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A b s t r ac t
Aim: The aim of this study was to detect white spot lesions (WSL) on the surfaces of the teeth and devise a new classification system to classify
WSL based on their location/site of occurrence pertaining to primary dentition.
Materials and methods: A total of 300 children were assessed, out of which, 271 participants were detected with WSL. Each tooth detected
with white spots was analyzed based on their occurrence on the surface of the tooth. Descriptive statistics was performed using SPSS software.
Results: Based on their site of occurrence in the maxilla and mandible, WSL were greatest on the cervical region of incisors (60.5% and 43.8%),
middle region of the canines (82.3% and 87%), and proximal regions of molars (88.5% and 98%).
Conclusion: Based on the results, a new system of classification for WSL in primary dentition is devised. It combines ICDAS II criteria (code 1 and 2)
along with the site of occurrence of the lesion. The knowledge of its location on the surface of tooth aids in registering the remineralizing effects
of the prescribed remineralizing agents during follow-up.
Clinical significance: The classification allows for easy identification of white spots between observers and the positive effects of various
remineralising agents can be appreciated if the appropriate site was already known.
Keywords: Classification, Early enamel lesions, Primary dentition, White spot lesions.
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Introduction
Carious demineralization initially presents as a porosity in the
enamel subsurface and is called as white spot lesion (WSL) or
incipient caries. It implies that there is an intact enamel surface
with mineral loss occurring beneath it.1 Dental caries occur when
bacterial flora produce organic acids which enter the interprismatic
spaces of the enamel causing dissolution of apatite crystals,
displacement of phosphate and calcium ions, and subsequent
demineralization.2,3 The progression of such lesions can be inversed
by diffusion of salivary minerals into the subsurface porous lesion
creating new deposits in the enamel, termed as remineralisation
which is an on-going process.4–6 If this balance is tipped in favor
of demineralization, WSL becomes endearing.7
When air dried, incipient lesions presents as chalky white
opacities appearing mostly on smooth surfaces, and characterized
as being softer and porous than the adjacent enamel.8–10 These
lesions can progress into cavitations causing early childhood caries
(ECC) in primary dentition if untreated.
Based on site, it has been known that WSL usually occurs along
the gumline. But WSL can affect any tooth in the dentition and occur
on any area of the tooth surface.9
White spot lesions are the first reversible clinical appearance
of demineralisation.11 However, accurate detection of WSL is
a considerable obstacle for clinicians and is mostly subjective.
Conventional examination is predominantly by visual, tactile and
photographic examination.12 Due to inconsistencies among the
current caries detecting systems, International Caries Detection
and Assessment System II (ICDAS II) criteria was developed for
appropriate caries diagnosis.13
Two systems of classification of WSL exist in orthodontics for
the permanent dentition devised by Curzon et al.14 and Gorelick
et al.15 But, no such specific system of classification exists for the
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primary dentition. Therefore, there is an impending need for a
novel classification of WSL for primary dentition based on its area
of coverage/occurrence in order to ascertain the extent of the
lesion over the tooth surface and to approximately analyse the
remineralizing effects of interventional agents in the future sense.
Our team is passionate about child care and have published
numerous high quality articles in this domain over the past
years.16–35
Therefore, the aim of this study was to detect WSL on the
surfaces of the teeth and thereby devise a new classification system
to classify WSL based on their location/site of occurrence pertaining
to primary dentition.

M at e r i a l s

and

Methods

The study is a cross-sectional research, carried out in the outpatient
block of Pediatric Dentistry department in a private dental Institute
in Chennai during the months October 2020–March 2021.
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Classification of White Spot Lesion in Primary Dentition
The investigation involved the examination of 300 healthy
children belonging to the age group 3–6 years. In order to
avoid sampling bias, the visiting children were chosen by simple
randomization. The inclusion criteria comprised of children with at
least one WSL in any of their primary teeth. The exclusion criteria
involved children who had systemic diseases, dental anomalies,
developmental defects of enamel, those who were uncooperative
and unwilling to participate in the study and special children.
The Institutional Ethical committee issued an ethical clearance to
perform this research (IHEC/SDC/PEDO–1901/21/182). A written
consent was obtained from the parents/guardians of the included
children after explaining to them the purpose of the study.
The participants were settled onto the dental chair such that
they were in an upright posture. Preceding the examination of the
oral cavity, a thorough ultrasonic scaling was done to remove any
debris on the teeth surface. This was followed by wiping the surfaces
with a cotton and completely dried using the three-way syringe. The
WSL were examined clinically through ICDAS II criteria using a ball
end explorer. All lesions presented under ICDAS II Code 1 and 2 were
included in the study. Prior to the study, diagnosis of WSL was carried
out by the two authors in order to achieve acceptable compatibility.
A digital camera (Canon 200d Mark2) was utilised to document the
presence of WSL with the requirements of 1/100 shutter speed, iOS
100, and f-22. The surfaces of the teeth were photographed using
a cheek retractor and a small intraoral mirror. The various angles
captured were intraoral frontal, intraoral right, intraoral left, superior
and inferior angles. A single and uniform light source was used to
take photograph’s to attain a consistent presentation of the WSL.

Detection of White Spot Lesions
The photographs were uploaded onto Adobe Photoshop and
stored in JPEG format. The images were traced using the freehand
tool and computer mouse. Two horizontal and vertical lines were
drawn across the labial surface of the tooth such that the tooth was
divided into nine parts such that the tooth is now demarcated into:
(1) Cervical region, (2) Proximal region (mesial and distal), (3) Middle
region, (4) Incisal edges (or) cuspal tips. Lesions on the "occlusal
surface" of molars were assessed as a whole [Fig. 1]. WSL were
identified after a diligent inspection of the images. Any disagreement
over detection was scrutinised and settled by a third reviewer.

Incisal/ Cuspal as “d,” and Occlusal as “e” in accordance with the
reference tooth [Fig. 2]. Therefore, for a tooth such as lower right
mandibular second molar (85) with an early enamel lesion on the
occlusal surface, based on this classification, diagnosis of WSL will
be as follows: 85–2e where “2” depicts the ICDAS II criteria code
1 (or) code 2 and “e” depicts the area of demineralization (i.e.,)
Occlusal region.
For statistical analysis, descriptive statistics was performed
using SPSS software version 22 and the results were tabulated
graphically based on the presence of WSL in the various sites of
the teeth.

R e s u lts
The study was carried out to detect WSL in various surfaces of
primary teeth in children belonging to 3–6 years of age. A total of
300 children were assessed, out of which, 271 participants were
detected with WSL. The participants consisted of 132 boys (48.7%)
and 139 girls (51.2%). The presence of WSL in the cervical region
was 60.5% and 43.8% in maxillary and mandibular incisors, 31.4%
and 37.2% in maxillary and mandibular canines, 54.6% and 69%
in maxillary and mandibular molars. WSL in the proximal region
were 1.31% and 0% in maxillary and mandibular incisors, 4.70%
and 8.23% in maxillary and mandibular canines, 88.5% and 98%
in maxillary and mandibular molars. In the middle region, the
percentage of WSL occurrence was 37.2% and 21.9% in maxillary
and mandibular incisors, 82.3% and 87% in maxillary and
mandibular canines, 24.3% and 26.9% in maxillary and mandibular
molars. The presence of WSL in the incisal edges/ cuspal tips
was 6.57% and 4.3% in maxillary and mandibular incisors, 78.4%
and 67.8% in maxillary and mandibular canines, 4.05% and 9.96%
in maxillary and mandibular molars. The percentage of occlusal
lesions in maxillary and mandibular molars were 67.1% and 82.6%.
Cervical lesions were greatest in maxillary and mandibular
incisors, whereas lesions in the middle region were greatest in
the maxillary and mandibular canines. Maxillary and mandibular
molars comparatively had the greatest number of lesions on the
proximal surfaces (Table 1).
Based on these results, Table 2 depicts the new classification
system which is a merger of ICDAS II criteria (Code 1 and 2) which

Development of the Classification
The sites were classified into alphabets for easier usage in the
classification, that is, Cervical as “a,” Proximal as “b,” Middle as “c,”

Fig. 1A and B: Demarcation of tooth to classify into the prescribed
sites of occurrence of WSL; (A) represents the demarcation of a primary
upper central incisor and (B) represents the demarcation of a primary
lower molar
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Fig. 2A to E: A schematic representation of the occurrence of WSL on
the specific sites on the tooth surfaces; (A) Represents the cervical
region, (B) Represents the proximal region, (C) Represents the middle
region, (D) Represents the incisal edges/ cuspal tips and, (E) Represents
the occlusal surface

Classification of White Spot Lesion in Primary Dentition
Table 1: Prevalence of white spot lesions based on site of occurrence in primary teeth
Incisors (%)
(N= 228)
Site
Cervical
Proximal
Middle
Incisal/Cuspal
Occlusal

Canines (%)
(N= 255)

Molars (%)
(N= 271)

Maxilla

Mandible

Maxilla

Mandible

Maxilla

Mandible

60.5
1.31
37.2
6.57

43.8
0
21.9
4.3

31.4
4.70
82.3
78.4

37.2
8.23
87
67.8

54.6
88.5
24.3
4.05

69.0
98
26.9
9.96

–

–

–

–

67.1

82.6

shows the severity of the lesion and the “alphabets” which forms
the various site of occurrence of the WSL.

Discussion
Demineralisation on the subsurface area of enamel with an
unmarred superficial enamel surface are the striking features of
WSL. Molar incisor hypoplasia (or) coeliac disease may contribute
to enamel defects and white lesions in deciduous incisors and
molars.36 Gorelick et al.15 described that the surface attributes of
teeth and saliva are the many contributing components in the
initiation of WSL. Other risk factors include high sugar diet, high
dmfs, and lack of adjunctive preventive measures.
When the demineralization-remineralization balance is
disrupted due to multiple variables, a reduced pH and an acidic oral
environment is created ensuing in premature lesion formation and
subsequent cavitation and destruction if overlooked.
On histopathological analysis of such lesions, four zones namely
two demineralization zones and two remineralization zones are
noted. The demineralized zones in the subsurface advance toward the
dentin whereas the remineralizing zones maintain the integrity of the
surface layer of enamel.37 This is due to the dissolution of phosphate
and calcium ions from the subsurface onto the surface layer.38
Early childhood caries may be the consequence of thin enamel
with less organized structure, undergoing demineralization in an
unrestrained manner. 39,40 The fragile morphology of the primary
tooth does not permit adequate time to form a strong remineralizing
zone, hence, a thin surface enamel layer is established. The enamel
becomes porous due to deprivation of minerals. Hence, there exists
a change in the refractive index between the porous enamel and
translucent crystals creating an enamel of greater opacity which
becomes detectable as WSL.15,41
Curzon et al.14 classified them according to the width of the
opacity of the lesions whereas Gorelick et al.15 classified them
according to size as well as intensity of the lesions.
In this study, WSL was assessed through a visually based
diagnostic system such as ICDAS II and by photographic analysis.
A study proved the potential of ICDAS II over conventional WHO
criteria for the detection of WSL especially in primary teeth as
it represents histological depth and surface characteristics of
various lesions.42 Several studies have assessed the reliability of the
photographic method for WSL detection.43,44 Photographic method
is preferable and convenient for epidemiological studies as it allows
adequate time and unbiased observation among examiners.45
The 300 children consisted of 132 boys (48.7%) and 139 girls
(51.2) who are 3–6 years old. The mean age of the participating
children was 4.62 + 1.38. In our study, WSL were detected in at least
one or more of the prescribed sites in 271 of the 300 participants. A
recent study quoted the prevalence of WSL in primary anterior teeth
in preschool children in the Indian subpopulation and concluded

Table 2: A novel system of classification for WSL for primary teeth
Severity of WSL

Sites of occurrence of WSL

ICDAS 1/2

Cervical (a)

ICDAS 1/2
ICDAS 1/2
ICDAS 1/2

Proximal (b)
Middle (c)
Incisal/ cuspal edges (d)

ICDAS 1/2

Occlusal (e)

that primary canines are highly prevalent for WSL, followed by
maxillary incisors.46
The results of this study reveal that WSL can appear on any tooth
surface. They were commonly seen on the cervical area of maxillary
and mandibular incisors, middle region of maxillary and mandibular
canines, and in the proximal regions of the molars (Table 1). It can be
assured that the percentage of detection of WSL in incisors were lesser
because most of the children had already developed cavitated lesions
as primary anterior teeth are greatly linked with initiation of ECC and
noncavitated lesions present on anterior teeth indicate a high caries
risk patient.47 A study by Gizani et al. showed that the majority of early
lesions occurred on the occlusal surfaces of molars.48 However in our
study, WSL was observed more on the proximal aspects. This can be
due to the fact that patients usually report to the dentist after visible
cavitations occur on the occlusal regions of molars. Hence, the true
detection of WSL may have been compromised.
This study was carried out to detect the presence of WSL in
other sites than commonly predicted in primary teeth and to devise
a classification system exclusively for WSL in primary teeth for
proper detection before and after intervention. White spot lesions
are usually along the gumline. This continues to hold true for the
incisors in our study. However, its presence and progression in
multiple sites reveals the need for serious oral hygiene maintenance
and use of remineralising agents. These agents can prevent WSL
by breaking the ongoing demineralization or by strengthening the
remineralization process.49
Therefore, in combination with ICDAS II criteria, a novel
classification that includes the site can be inferred (Table 2). The
two main advantages of this classification are: (1) It allows for easy
identification of white spots between observers, (2) The positive
effects of various remineralising agents can be appreciated if the
appropriate site was already known.
In order to evaluate the validity of this classification, a sensitivity
and specificity test was carried out. However, a 100% score revealed
no differences on comparison with ICDAS as the idea of this
study was to determine a classification in accordance with ICDAS
(Standard method for detection of WSL) and provide site specificity
for convenience.
The limitations of this study mainly include the WSL
assessment methods: visual inspection and photographic
World Journal of Dentistry, Volume 13 Issue 3 (May–June 2022)
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evaluation. The obtained results were not analogized with
fluorescent or dye methods. Additionally, intervention using
remineralizing agents was not carried out in order to evaluate
the proposed system of classification.

C o n c lu s i o n
The study concludes that WSL of the primary teeth occur in all
surfaces of the teeth with the greatest incidence in the cervical
region of incisors, middle region of canines, and proximal areas
of the molars. These are areas of demineralisation contributing
to caries which thereby warrants a classification similar to
that of the carious lesion classification by G.V Black which
pertains to the location of caries. Irrespective of the proper
diagnosis of white spots using ICDAS II criteria, the knowledge
of its location on the surface of tooth aids in registering the
remineralizing effects of the prescribed remineralizing agents
during follow-up.
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