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ABSTRACT

Introduction: Dental care for older population is becoming a matter of concern within the National health
services (NHS) United Kingdom (UK) due to increasing life expectancy of older people and retention of their
natural teeth. The aim of study was to relate the International Caries Detection and Assessment System
(ICDAS) scores with severity index in order to detect root caries and DIAGNOdent readings, af an early
stage, to manage these lesions non-invasively.

Methods: Fresh 95 extracted teeth were collected from Oral Surgery and Dental Emergency Department at
Barts and the London, Queen Mary University of London. In this in vitro study, 19 out of 95 teeth had root
caries. Prior fo recording the readings, extracted feeth were cleaned and polished. Each lesion underwent
clinical examination. To detect root caries DIAGNOdent readings (ICDAS), severity index were obtfained.
Pearson’s correlation coefficients tests were applied.

Resulis: The correlafion between cavitation and ICDAS scores shows the significant value of 0.01. The
DIAGNOdent reading with momentum and peak values was 45.37 with standard deviation of 32.16 and for
peak with the mean value of 49.79 and 31.72 of standard deviation. Regarding, readings of DIAGNOdent
and severity index establishment of correlation was difficult to establish. The reason was score of severity
index regarding specimen no.1 is 3.3 was illustrative of lesion that is leathery.

Conclusion: The DIAGNOdent readings system did not support the detection of root caries. However, the
severity index scoring system is in need of greater categories regarding caries of the root.
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INTRODUCTION root caries, as well as not availing services'. The
prevalence of root caries was recorded as 36-67%
in several studies?*®. Another study, revealed the

88.4% of root caries prevalence in the age range of

Dental care for older population is becoming an
issue within the National health services N.H.S due to

doi.org/10.36283/PJMD9-3/010

increasing life expectancy of older people and
retention of their natural teeth. Root caries is the
commonest dental caries within this population.
Studies carried out for identfification of risk factors
involved in development of root caries in older
population. These include; periodontal attachment
loss, past history of dental caries, deteriorating
cognitive status, poly pharmacy, poor socio-eco-
nomic background, micro-organisms related to

individuals 55 years or more*. It is noted that if the
age of individual is high then they are more vulnero-
ble and suscepfible to root caries. Irregular atten-
dance and high sugar intake are especially report-
ed to increase the risk of root caries amongst older
population®¢. A debate has been there repetitively
regarding the surfaces of the root caries. Raja ef al.
reported that interproximal or labial/buccal surfac-
es are mainly affected. Subsequently, the most
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susceptible surfaces for caries of the rootf are the
“lingual” “surfaces™.

The aetiology of root caries has many factors
involved. The microbiological factor is the most
significant factor amongst all other factors. Microbi-
ological population within root caries demonstrat-
ed diversity when compared fo previous studies.
Actinomyces species as well as Lactobacillus
species showed significant responsibility’. Marsh et
al previously demonstrated microorganisms associ-
ated with active and progressive root carious
lesions®. The risk factors related to root caries in older
people are xerostomia, chronic periodontfitis, radio-
therapy for management of head and neck
cancers, dief, Type 2 Diabetes mellitus, compro-
mised manual dexterity due to arthritis, Parkinson's
disease, stroke, cognitive deficiencies due fo
depression, dementia, Sjogren's syndrome, poor
plague confrol, previous experience of root caries,
use of removable partial dentures>?1',

There are also two types of root caries; primary and
secondary root caries. Dental caries which inifiates
on the surface of the root are known fo be primary
root caries'?. There is no restorative material involve-
ment in the development of primary root caries.
However, secondary root caries is the type of
dental caries that can occur due to the restorative
material restored in its close proximity's. Early detec-
fion of root caries could affect the tooth loss. There-
fore, a consensus to diagnose root caries would be
the first step to manage this challenging clinical
problem. Hence, the aim of our study was to associ-
ate the clinical criteria used fo detect root caries
with DIAGNOdent readings and to defect root
caries at early stage, fo manage these lesions
non-invasively.

METHODS

A total of 95 teeth were collected from the Oral
Surgery and Dental Emergency Department at
Barts and the London, QMUL. The ethical approval
was taken from Research Ethics Committee of
Queen Mary University of London. Clinical assess-
ment was carried out using the examination kit.
After undergoing the clinical assessment to detect
root caries, 19 out of 95 teeth were selected to
perform this in-vitro study. Each selected footh was
freshly extracted since lesions would give incorrect
DIAGNOdent readings affer 24 hrs. This would even-
tually result false negative readings. Prior to record-
ing the readings, each footh underwent cleaning
as well as polishing. Each lesion underwent exam-
inafion with visual-tactile method. Furthermore,
ICDAS as well as DIAGNOdent readings were
refrieved.

For the determination of initial and subsequent
severity of the root caries in tooth specimens,
Infernational Caries Detection and Assessment
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System were applied. The ICDAS root caries classifi-
cation is as follows, in the Code 0 the root will
appear natural with normal anatomic contour
having no defects at cemento-enamel junction,
which will differentiate it from the surrounding vicini-
ty. The code 1 will show the discolored roof such as
light brown to dark brown or black or at the cemen-
fo-enamel junction but the anatomic contour loss
will be less than 0.5mm, which will not be revealed
in this code 1. The code 2 will have a demarcated
area the root surface or at the cemento-enamel
junction, will undergo discoloration and cavitation
will exist anatomic contour will be more than
0.5mm.

The DIAGNOdent device is an instrument for detec-
fion of caries of the root with help from laser fluores-
cence. It can be useful for the caries diagnosis. This
device is non-invasive as well as quantitatfive
method to diagnose root caries. Even if DIAGNO-
dentis an important fool to diagnose the root caries
lesions, nevertheless concern has been raised in
regards to the accuracy'*. In the beginning of every
experiment, DIAGNOdent underwent calibration in
accordance with the manual of user. Lingual as
well as buccal surfaces of the root were subjected
fo measurement with DIAGNOdent device by
applying tip of the probe that is shaped like a pen
and the value that is possible ranging from 0-99.
Exposed surface of root with highest reading was
recorded'.

Pearson’s correlation coefficients tests were
employed. Level of significance with a p value was
0.01. Each measurement calibration regarding the
I.C.D.A.S, DIAGNOdent readings and clinical assess-
ments took place by examining 40 teeth several
fimes by the author. After 7 days, measurements
again took place. Inter-examiner and infra-examin-
er reliability showed good agreement with a range
of 80 to 90 % of scores displaying same outcomes.

RESULTS

Clinical assessment criteria were applied for the
detection of root caries. After undergoing the
clinical assessment to detect root caries, 19 out of
95 teeth were selected to perform this in-vitro study.
Each selected tooth was freshly extracted since
lesions would give incorrect DIAGNOdent readings
after 24 hrs. This would eventually result false nego-
five readings. Freshly extracted teeth were cleaned
by employing an excavator fo remove the remain-
ing periodontium and possible hard deposits on the
root surface. Polishing of extracted teeth was then
undertaken with a slow speed hand piece and
polishing cup. Clinical assessment to detect root
caries was employed. This assessment was previous-
ly studied on root caries and correlated well with
the readings from the Electrical Caries
Monitor (ECM) with regards to size, cavitation, and
severity index 16. In this study, the severity index
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used to detect root caries was only included. Table
1 exhibits the findings regarding each lesion in terms
of texture, cavitation, colour, dimension, hardness
and severity index. Colour was reported as LB for
light brown, DB for dark brown and B for Brown.

Table 1: Clinical assessment criteria to detect root
caries in terms of rough texture, cavitation, color,
dimension, hardness and severity index.

No. [ Cavitation | Colour | Dimension | Hardness | Severity index
(WxH)
Rough Texture

1 2 LB 4x5 Leathery 3
2 2.5 DB 4x5 Soft 4
3 4 DB 4x8 Soft 4
4 0 LB 2x3 Leathery 1
5 0 B 3x1 Hard 0
6 0 DB 4x4 Leathery 1
7 2 DB 6x5 Leathery 3
8 5 DB 7x5 Soft 4
9 0.5 DB 4x2 Leathery 3
10 1 LB 5x4 Leathery 3
11 5 LB 7x7 Soft 4
12 2 LB 4x5 Soft 4
13 3 LB 6x5 Soft 4
14 5 DB 8x6 Soft 4
15 3 LB 5x6 Soft 4
16 1 B 2x2.5 Leathery 2
17 3 B 7x4 Soft 4
18 4 LB 7x4 Soft 4
19 3 DB 4x4 Soft 4

Each carious lesion of the root underwent classifica-
fion in accordance with severity index. Each roof
carious lesion is classified according to the severity
index.0 is representative of lesions that are hard. 1 is
representative of lesions that are leathery. These
lesions are small with easy cleaning. These lesions
approach a texture that is hard. 2 is representative
of lesions that are leathery. These lesions are
shallow. They can be rendered free of plaque. 3 is
representative of lesions that are leathery. Main-
taining the sites free of plaque is not easy. Risk is
associafted to the integrity of the pulp. 4 is represen-
tative of lesions that are soft'. The clinical assess-
ment criteria were employed as gold standard for
the detection of root caries.

Estimation of depth in regards fo carious lesions of
the root was carried out by the recording of largest
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distance from between lesion surface that exists
and original surface of the root. The readings of the
measurements range from 0-5. With the exclusion of
two specimens, there was correlation in regards to
the texture as well as the cavitation of specimens.
Shade guide was used for lesions that are black,
light brown, dark brown and yellow. The guide was
employed for classification of lesions. The lesions of
the specimens had either light brown, dark brown
or black colour. No correlation can be demonstrat-
ed in regards to the colour with the texture and
cavitations of these lesions. Colour was also found
fo be not correlated with severity of root carious
lesions'?'¢, Based upon colour as well as hardness of
area affected by root caries, there has been an
acceptance of visual examinatfion as the tool
which is best for diagnosing caries whose size is
small.

A total of 19 out of 95 freshly extracted teeth were
chosen to carry out the assessments and measure-
ments for this in vifro study. Code 0: showed root
surface with no "signs of discoloration” or defects.
Hence, it does not have ‘“root caries”. Code 1:
showed a demarcated area on the surface of roof.
The root surface has none or small cavitation
(0.5)mm. Code 2: shows discolored area in relafion
to “root surface”. There is cavitation (0.5)mm.

The DIAGNOdent device is an instrument for detec-
fion of caries of the root with help from laser fluores-
cence. It can be useful for the diagnosis of caries of
the root. In the beginning of every experiment,
DIAGNOdent underwent calibration in accor-
dance with the manual of user. Lingual as well as
buccal surfaces of the root were subjected to mea-
surement with DIAGNOdent device by applying tip
of the probe that is shaped like a pen and the value
that is possible is in the range of 0-99. Highest read-
ing on every exposed surface of root underwent
recording'’'8, Figure 1 showed the wide range of
DIAGNOdent regarding with ICDAS scores whilst
Table 2, reported the significant correlations
between ICDAS scores with cavitation, size and
hardness respectively.

DD Mementum readings

ICDAS

Figure 1: DIAGNOdent momentum readings in
relation to ICDAS scores.
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Table 2: Correlation between cavitation, lesion size, hardness and ICDAS scores.

c lafi Correlation
0"9_‘119'0“5 Spearman’s rho ICDAS Coefficient/
(n=19) p-Value
Correlation between ICDAS Correlation Coefficient 1.000 0.703**
cavitation and ICDAS Sig.(2 - tailed) 0.001
scores
Correlation between size Size Correlation Coefficient 0.703** 1.000
and ICDAS scores Sig.(2 -tailed) 0.001
Correlation between lesion ICDAS Correlation Coefficient 1.000 0.662
size and ICDAS Scores Sig.(2-tailed) 0.003
Correlation between size ICDAS Correlation Coefficient 0.622** 1.000
and ICDAS scores Sig.(2 -tailed) 0.003
Correlations between ICDAS Correlation Coefficient 1.000 0.654
lesion hardness and Sig.(2 - tailed) 0.002
ICDAS scores
Correlati on between size ICDAS Correlatfion Coefficient 0.654** 1.000
and ICDAS scores Sig.(2-tailed) 0.002

**Correlation is significant at the 0.01 level (2-tailed).

The correlation between cavitation and ICDAS
scores shows the significant value of 0.01 (2-tailed)
as the spearman’s correlation coefficient score for
ICDAS score is 1 and 0.73 for cavitation and vice
versa for cavitation correlation coefficient. The
correlation between size of the lesion and ICDAS
scores shows the significant value of 0.01 (2-tailed)
as the spearman’s correlation coefficient score for
size of the lesion score is 0.622 and 1 for cavitation
and 1 for ICDAS and 0.622 for spearman ICDAS
correlation coefficient. The correlation between
lesion hardness and ICDAS scores shows the
significant value of 0.01 (2-tailed) as the spearman’s
correlation coefficient score for ICDAS score is 1
and 0.65 for cavitation and vice versa for
spearman’s hardness correlation coefficient (Table
2). The "Mean" and “Standard Deviation” for the
DIAGNOdent reading with momentum and peak
values were 45.37 for momentum with standard
deviation of 32.16 and for peak with the mean
value of 49.79 and 31.72 of standard deviation.
Spearman’s correlation test failed to show any
correlation between the severity index and
DIAGNOdent momentum readings. Thus, 19 teeth
were given scores according fo I.C.D.A.S. 15 teeth
had scores of 22 is representative of a
well-demarcated area on surface of the root. The
cavitation exceeded 5mm. Only 4 teeth had scores
of 1. This shows that more teeth have progressed fo
the point of non-restoration.
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Figure 2: Box plot of DIAGNOdent momentum read-
ings according to severity index.

The box plot of DIAGNOdent momentum is seen in
the Figure 2 the readings depict the severity index
of root caries. The DIAGNOdent device employed
for quantifying the severity of root caries. The DIAG-
NOdent yielded readings that were high in regards
to surfaces of the root that were smooth or infact
and vice-versa. There were inconsistent readings,
which had false positive outcomes. Correlation was
difficult to establish in regards to clinical assessment
to detect rooft caries. Correlation is difficult to estab-
lish in between values of DIAGNOdent and codes
of .C.D.AS. Fore.g.|.C.D.A.S score of specimen 1 is
2.2 is representative of an area which is demarcat-
ed clearly on surface of the root or C.E.J which
exhibits discolouration (light brown/ dark brown,
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black) and cavitation (anatomical contfour loss
(0.5)mm is present. However, values of DIAGNOdent
are less (momentum=14, peak=19). Regarding, read-
ings of DIAGNOdent and severity index establishment
of correlation was difficult fo establish. For e.g. Score
of severity index regarding specimen no.1 is 3.3 is
representative of lesion that is leathery. The integrity of
the pulp is at risk. However, the values of DIAGNOdent
are less in comparison. Value of momentum is 14, and
value of peakis 19.

DISCUSSION

In total, 19 teeth were given scores according to
I.C.D.AS. 15 teeth had scores of 2.2 is representative
of a well-demarcated area on surface of the root. The
cavitation exceeded 5mm. Only 4 teeth had scores
of 1. This shows that more teeth have progressed to
the point of non-restoration. The clinical assessment
criteria were employed as gold standard for the
detection of root caries. Estimation of depth in
regards to carious lesions of the root was carried out
by the recording of largest distance from between
lesion surface that exists and original surface of the
root. The readings of the measurements range from
0-5. With the exclusion of two specimens, there was
correlation in regards to the texture as well as the
cavitation of specimens. Shade guide was used for
lesions that are black, light brown, dark brown and
yellow. The guide was employed for classification of
lesions.

The lesions of the specimens had either light brown,
dark brown or black colour. No correlation can be
demonstrated in regards to the colour with the texture
and cavitations of these lesions. Colour was also
found to be not correlated with severity of root
carious lesions. Based upon colour as well as hardness
of area affected by root caries, there has been an
acceptance of visual examination as the tool whichis
best for diagnosing caries whose size is small'3,
However, since ifs sensitivity is low, the ability for
detection of region that is carious is poor. Further-
more, employment of dental probe for visual exam-
ination could be very helpful for diagnosing caries.
Nevertheless, fissures as well as enamel that are
demineralised can be damaged by sharp and force-
ful probing. Hence, process of caries will progress.

Additionally, to correlate the I.C.D.A.S scores with
severity index used to detect root caries and DIAG-
NOdent readings. DIAGNOdent is helpful instrument
for improvement of sensitivity as well as specificity in
combination with the “visual-tactie” detecting
regarding early caries of the root. Performance of
radiographs as adjunct for assessment of caries of the
root is poor, especially early lingual and buccal caries
assessment#?,

The difference was significant in values of DIAGNO-
dent between sound and carious lesions, which
diagnosed with visual-tactile assessments that support
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validation of DIAGNOdent for root caries. However,
the readings were unable to differentiate the lesions
by their severity. DIAGNOdent could be employed as
adjunct for detection of root caries. However, for
clinical diagnosis, the requisite is visual-tactile's. The
DIAGNOdent device employed for quantifying the
severity of roof caries. The DIAGNOdent yielded read-
ings that were high in regards fo surfaces of the root
that were smooth or intact and vice-versa. There
were inconsistent readings, which had false positive
outcomes. Correlation was difficult fo establish in
regards fo clinical assessment to detect root caries.
Thus, 19 teeth were given scores according fo
I.C.D.AS. and 15 teeth had scores of 2.2 is representao-
five of a demarcated area on root surface. The
cavitation exceeded 5mm. Only 4 teeth had scores
of 1.

This shows that more feeth have progressed to the
point of non-restoration. Correlation is difficult to
establish in between values of DIAGNOdent and
codes of .C.D.A.S. For e.g. .C.D.AS score of speci-
men 1 is 2.2 is representative of an area which is
demarcated clearly on surface of the root or C.E.J
which exhibits discolouration of light brown fo dark
brown or black and cavitation (anatomical contour
loss more than 0.5mm) is present. However, values of
DIAGNOdent are less (momentum=14, peak=19).
Regarding, readings of DIAGNOdent and severity
index establishment of correlation was difficult to
establish. For e.g. Score of severity index regarding
specimen no.1 is 3.3 is representative of lesion that is
leathery. The integrity of the pulp is at risk. However,
the values of DIAGNOdent are less in comparison.
Value of momentum is 14, and value of peakis 19.The
correlation between the Severity Index as well as the
I.C.D.A.S was poor. There is no correlation of I.C.D.A.S
and DIAGNOdent device. Similarly, there is no
relationship between Severity Index as well as the
DIAGNOdent device. Thus, there is no correlatfion
between the I.C.D.A.S, Severity Index and DIAGNO-
dent. Nevertheless, further investigation is needed in
vitfro and in vivo's.

CONCLUSION

The severity index scoring system is in need of greater
categories regarding fo caries of the root. DIAGNO-
dent was presented as being suitable for detecting
caries of the root. The employment of the DIAGNO-
dent is considered not sufficient for providing plan of
freatment.

ACKNOWLEDGMENTS

We are thankful to the administration of hospital from
where samples were collected for the present study.

CONFLICT OF INTEREST

There was no conflict of interest among the authors.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2020, VOL. 2 (03)

51




Detection of Root Caries Using Laser-Based Detection Device - DIAGNOdent

52

ETHICS APPROVAL

The ethical approval was taken from Research Ethics
Committee of Queen Mary University of London.

PATIENT CONSENT

Verbal and written informed consent was obtained
from all patients.

AUTHORS’ CONTRIBUTION

FT and RA start this idea with extraction of supporting
papers from electronic databases and formation of
questionnaire and collection of data. MR and RSK
equally contribute with first two authors in the compi-
lation and designing the table and figures.

REFERENCES

1. Sdnchez-Garcia S, Reyes-Morales H, Judrez-Cedillo
T, Espinel-BermiUdez C, Solérzano-Santos  F,
Garcia-Pena C. A prediction model for root caries in
an elderly population. Community Dent Oral
Epidemiol. 2011;39(1):44-52.

2. Garinis GA, Van der Horst GT, Vijg J, Hoeijmakers JH.
DNA damage and ageing: new-age ideas for an
age-old problem. Nat Cell Biol. 2008;10(11):1241-1247.
3. Garatachea N, Lucia A. Genes and the ageing
muscle: a review on genetic association studies. Age.
2013;35(1):207-33.

4. Hellyer PH, Beighton D, Heath MR, Lynch EJ. Root
caries in older people attending a general dental
practice in East Sussex. Br Dent J. 1990;169(7):201-206.
5. Bignozzi |, Crea A, Capri D, Littarru C, Lajolo CA,
Tatakis DN. Root caries: a periodontal perspective. J
Periodontal Res. 2014;49(2):143-163.

6. Rolland SL, McCabe JF, Imazato S, Walls AW. A
randomised frial comparing the antibacterial effects
of dentine primers against bacteria in natural root
caries. Caries Res. 2011;45(6):574-580.

7.Kumara-Raja B, Radha G. Prevalence of root caries
among elders living in residential homes of Bengaluru
city, India. J Clin Exp Dent. 2016;8(3):e260-e267.

8. Kolenbrander PE, Jakubovics NS, Bachrach G. Oral
microbiology. In: encyclopedia of microbiology.
2009.p.566.

9. Chi DL, Berg JH, Kim AS, Scott J, Northwest
Practice-Based Research Collaborative in
Evidence-Based Dentistry. Correlates of root caries
experience in middle-aged and older adults in the
northwest practice-based research collaborative in
evidence-based dentistry research network. J Am
Dent Assoc. 2013;144(5):507-516.

10. Lépez R, Smith PC, Gostemeyer G, Schwendicke F.
Ageing, dental caries and periodontal diseases. J Clin
Periodontol. 2017;44:5145-S152.

11. Slade GD, Sanders AE, Bill CJ, Do LG. Risk factors for
dental caries in the five-year-old South Australian
population. Aust Dent J. 2006;51(2):130-139.

12. Lynch E, Beighton D. A comparison of primary root
caries lesions classified according to colour. Caries

Res. 1994;28(4):233-239.

13. Ritter AV, Shugars DA, Bader JD. Root caries risk
indicators: a systematic review of risk models.
Community Dent Oral Epidemiol. 2010;38(5):383-397.
14. Nokhbatolfoghahaie H, Alikhasi M, Chiniforush N,
Khoei F, SafaviN, Zadeh BY. Evaluation of accuracy of
DIAGNOdent in diagnosis of primary and secondary
caries in comparison fo conventional methods. J
Lasers Med Sci. 2013;4(4):159-167.

15.Zhang W, McGrath C, Lo EC. A comparison of root
caries diagnosis based on visual-tactile criteria and
DIAGNOdent in vivo. J Dent. 2009;37(7):509-513.

16. Baysan A, Beighton D. Assessment of the
ozone-mediated kiling of bacteria in infected
dentine associated with non-cavitated occlusal
carious lesions. Caries Res. 2007;41(5):337-341.

17. Zhang W, McGrath C, Lo EC. Effectiveness of
DIAGNOdent in detecting root caries without dental
scaling among community-dwelling elderly. Oral
Health Prev Dent. 2016;14(6):555-561.

18. Sardana D, Zhang J, Ekambaram M, Yang Y,
McGrath CP, Yiu CK. Effectiveness of professional
fluorides against enamel white spot lesions during
fixed orthodontic freatment: A systematic review and
meta-analysis. J Dent. 2019;82:1-10.

19. Kagihara LE, Niederhauser VP, Stark M.
Assessment, management, and prevention of early
childhood caries. J Am Acad Nurse Pract.
2009;21(1):1-10.

20. Gannam CV, Chin KL, Gandhi RP. Caries risk
assessment. Gen Dent. 2018;66(6):12-17.

21. Young DA, Featherstone JD. Caries management
by risk assessment. Community Dent Oral Epidemiol.
2013;41(1):e53-e63.

22. Ismail Al, Sohn W, Telez M, Amaya A, Sen A,
Hasson H, et al. The Internatfional Caries Detection
and Assessment System (ICDAS): an integrated
system for measuring dental caries. Community Dent
Oral Epidemiol. 2007;35(3):170-178.

23. Kutsch VK. Dental caries: an updated medical
model of risk assessment. J Prosthet Dent.
2014;111(4):280-285.

24. Alsabek L, Al-Nerabieah Z, Bshara N, Comisi JC.
Retention and remineralization effect of moisture
folerant resin-based sealant and glass ionomer
sealant on non-cavitated pit and fissure caries:
Randomized controlled clinical frial. J Dent.
2019;86:69-74.

25. Diniz MB, Campos PH, Wilde S, Rita de Cdssia LC,
Zandona AG. Performance of light-emitting diode
device in detecting occlusal caries in the primary
molars. Lasers Med Sci. 2019;34(6):1235-1241.

26. Jablonski-Momeni A, Rueter M, Roettker J,
Korbmacher-Steiner H. Use of a laser fluorescence
device for the in vitro activity assessment of incipient
caries lesions. J Orofac Orthop. 2019;80(6):327-335.
27. Souza LA, Cancio V, Tostes MA. Accuracy of
pen-type  laser  fluorescence  device  and
radiographic  methods in detecting approximal
carious lesions in primary teeth-an in vivo study. Int J
Paediatfr Dent. 2018;28(5):472-480.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2020, VOL. 2 (03)

=

doi.org/10.36283/PJMD9-3/010



